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RELATED APPLI CATI ONS This application clains priority of U S. PrOVISI%%S| '
Application. Serial No. 60/239,71,6 filed October 11, 2000. TECHA ¢4 ELD

The present invention relates to systens and nethods for controlling the

fl ow of pressurized fluid and, nore. specifically, to such
met hods that allow precise control of flow of fluid frontalmmmm mmmwmg
hi gh, variabl e, and/or unknown pressure.. BACKGROUND OF THE I NVE 0 In
many disciplines, a pressurized fluid must be supplied in preC|se

quantities. Usually, the quantity of fluid supplied is contm
regulating the flow of the fluid. Fluid flow is independe nm m ’m
size, supply pressure, and the like, and controlling the flowr, ensures

that a precise quantity of the fluid is delivered where require ""25 The
present invention is of particular significance when used to control t he

flow of 9asseyARIABHEERESEURE REBULATED FIRS\PLRIITRQLOERY fon o 50

has application to other flui such as |1 quids an ly large
flow rates. The scope of the present invention should thus be deternined
withsreference to the clains appended hereto and not the 30 follow ng

detail ed description. One eREIATEBAPPLIOATERQG ty of a gas supplied nust
be precisely controlled is the delivery of a gas to a nmedical patient. In

this context_a gas is mxed with air supplied to the patient through a
ventilator tdHsemplicatioasslaimns tivaty of LESt Fyovisiona Applicationudeliapd to

the pati Ry 60i9%9,716 filed October 11, 2000.
10 :
'TECHNICAL FIELD |

The present invention relates to systems and methods for . .
controlllng the flow of pressurized fluid and more specifically, to such
15 systems and methods that allow precnse control of flow of ﬂuxd from a
source havlng high, variable, and/or unknown pressure.

BACKGROUND OF THE INVENTION

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

25 The present invention is of particular sngmﬁcance when used to
control the flow of gasses at relatively low flow rates. The present
invention also has application to other fluids such as liquids and to
relatively large flow rates. The scope of the present invention should thus

. be determined with reference to the claims appended hereto and not the
30 following detailed description.

One example where the quantity of a gas supplied must be



“desired effect may not be obtained. On the other hand, too nuch_ggs Eaggé
be toxic to the patient. O her exanpl.es where :precise quantities oW

nmust be supplied include scientific and nedical testing, industrial
processi ng, and scuba diving. A primary inpedinment to maintaining a

constant flow of gas is that the pressure at which the gas is-supplied may
be unknown or variable. 10 Oten, the source of the pressurized gas is a
pressurized .tank or conpressor. The pressure of the fluid supplied by

ei ther of these sources can fluctuate:%gﬁnficantly. For exanple, as the
guantity. of gas within a -pressurized Tank decreases, the pressure of the
fluid flowwng fromthe tank wll decrease Accordingly, in many systens in

uhi ch the plevisdly oripdideid d BBAVASr a bES 16l AMhodLe) Bufbnb oS Ur od and

nonitored and the system adj uste ssa w rate

wi thi n pr eglentextyiangas Isimixed wﬁiﬁLatTEDpaﬁﬁd 26 tb)e?pat@ﬁanow@a a%ﬁtﬁa@%

I ssued to th [ esent ﬁg&q@% I'scl oses a-val've assently -

mai nt ai ni @2}% s It taq itle gageiseupepiad to ﬂwpeitleat, thehou5| ng
t hat defi h S, ., _ v e wal | assenbly
arranged be ween ewgﬁgyét’)@%& g%})gge PHaek Ran n%@%ﬂ%ﬁ%
charber trmatmacsoahetﬁasemva@tmmtdmpes WheYs IRedie! éﬁﬁt?ésgﬁ st he

upstream changs c{] its control stem engages t he novabl e vvaII and
coi | ed hi JRYP ?& e lﬁlﬁl‘iﬁ@e@ﬁﬁfgﬁ'ﬁeﬁﬂ medissbtesting, dndusisled. Changes i n
t he press cb@sﬂh q:mm hanber - al | ow the novable wall to nove and
operate t e bi cycl va v control stemto open or close the bicycle

val ve to controf pmmawdmpe‘d:ﬁemdmﬁaﬁtaxmwg;atdvmaht n6% dﬁ%@@ﬁﬁﬁﬂbl y.
e

‘The sprln% be adjusted to obtain different flow rates
functi ons ‘B8 HepsuEa GF &’h@hdbﬁrﬂ:ﬁ& isssupplisicomay be unknown or variable.

10 Often, the source of the pressurized gas is a pressurized tank or
compressor. The pressure of the fluid supplied by either of these sources
can fluctuate s:gmf' icantly. For example as the quantuty of gas within a,
pressurized tank decreases. the pressure of the fluid ﬂowung from the tank
will decrease. Accordmgly, in many systems in which the ﬂow of a gas is

15 important, the flow rate must be measured and monitored and the system

adjusted as necessary to malntam the flow rate wuthm predetermmed
limits.

RELATED ART
U.S. Patent No. 4,015,626 issued to the present Apphcant discloses
a valve assembly for mamtaumng constant flow rates. This valve assembly
comprises.a housing that defines upstream and downstream chambers, a
movable wall assembly arranged between these chambers, a spring
25  located in the downstream chamber that acts on the movable wall, a:
bicycle valve located in the upstream chamber such that its control stem
engages the movable wall, and coiled high resistance tubmg connected’
between the chambers. Changes in the pressure’in the downstream
chamber allow the movable wall to move and operate the blcycle valve
.30 control stem to open or close the bicycle valve to control the flow of fluid



“and to average the fIOM/rate of fluid passing therethrough. The valve
assenbly disclosed in the '626 patent is relatively 5 conpl ex and e%ﬁe AWhve
to manufacture. Also, the pressure drop through the high resistance tubing
plays an inmportant role in determning the range of flow rates that may be
obtained. Altering the pressure drop through the tubing to obtain
different flow rate ranges would be difficult because different tubing
(i.e., change of length or passageway size) mnmust be used. 10 The | ength of
the high resistance tubing supplied resgders the system relatively |arge
and increases the |ikelihood of failure. And this valve assenbly is
designedGﬁo operate only at relatively low (80 to 150) psi. U S.. Patent

No. . 6, 026/l@¥ig ﬂuoaghdheﬁaiveasgseaﬂleZGUws pring Maybbeéi@ﬁ St R bbidth 2l so

di scl oses caontrol ler that . operat'es usi ng a source

havi ng h| 9&%‘&%"@%51&%%&” G Biget] m&a@reﬁbaramma Fedtiatiords
1 3%259;’%“&@ 188erdgS the B g o TS e e Plioh e LSWZSEP Vihe
need exists foWhermamaseehfﬁblwlé@lesiagtxﬁ@h% HRRAGL S it jgh as are

di scl osed in tme atent "t hat ow t Xo be appl i ed
to speci fAAUNE %ﬁﬁaswmtoammufm RT$@1h@:p|:B§EuM%Pl@ﬁr§ o@ 1is an
S

rrbodl ment of a flow controller c tructed

d el
end o o kol ireustin Lt F A4S AvERaTasiTplein determining theramge
t troll f, the f t
Lo ooy foPrates, that nfdlf be Ubtyirfal. dhytbhfig the HeE B urtp shomalthescut | on
vi ew shohilbipgater abtain diffareat flbamratecahgebhvisulaibd Hﬁ;&tu %teﬁ‘a@ggd' ment as

?ﬁg' ¢ It regg @q@g& t%lhg (i pakg{a%éﬁg?enagtgg%;éa\gﬁ@ size) must l\;ve%(;r;tdr o
10 The length of the high resistance tubing supplied renders the system
relatlvely large and increases the likelihood of failure. And this valve
assembly is designed to .operate only at relatively low (80 to 150) psi.
U.S..P_atent_No. 6,026,849 issued on February 22, 2000, to the
present Applicant also discloses a regulated flow controlle}- that operates

15 using a source having high, variable, and/or unknown pressure. The

systems and methods disclosed in the '849 patent solved many problems

related to supplying fluids, and in particular gasses, at constant flow rate.
However, the need exists for i Improvements to regulated flow
controllers such as are disclosed in the '849 patent that allow this
20  technology to be applied to specific environments.



“FIG 5 is a section view of a second enbodi nent of a flow contrgllﬁr '
constructed in accordance with, and enbodyi ng, the principles of ot W 2005

pr esent

in FIG b5;

) invention; is FIG 6A Is a section view depicting details of an
i nput stage of the second enbodi nent of the flow controller as depicted '

stage of the

5..

FIG .

"and FIG 6B is a section view depicting details of an output

second enbodi nent of the flow controller as depicted in FIG

7 Is a section view of a third enbodi nent of a flow controll er

zo constructed in accordance with, and enbodying, the principles of the
invention; FIG 8 is a section view of a fourth enbodi nent of a

present

flow controller constructed in accordéﬁce wi th, and enbodying, the
principles of. the present invention; 25 FI'G 9.is-a bl ock-di agram vi ew of
a control

0BG % e o | B EREAT R R R R THE DEANGS, of T ow

controll er
of the

10; FIG

constructed i-n accordance with, and enbodyi ng, fhe principles

present_invention; 30 FIG. 11 is a bl ock di agramview of a control
system t hat mafiGe 1-i5 ansendielevatior vewrof firstterabotiirent ofiarfiower of FI G

const r uct®y
present ItRegivdsemt imshtidfe 13 is a bl ock. diagramview of a control.

systemthat na
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be used in-connection with the flow controller of FIG
%@@52 is a section view of the flow 'coqtrqllar of the first embodiment

taken along lines 2-2 in FIG. 1;

FIG. 3 is an enlarged section view showing details of the flow _

controller of the first embodiment as depicted in FIG. 2;

FIG. 4 Is a section view of the flow controller of the first é-mbodiment ~

taken along lines 4-4 in FIG. 2;

FIG. 5 is a section view of a second embodiment of a flow contrgller

constructed in accordance with, and embodying, the principles of the

- present invention;

FIG. 6A s a section view depicting details of an input stage of the

second embodiment of the flow coritroller as depicted In FIG. 5; and

FIG. 6B is a section view depicting details of an output-stage of the

second embodiment of the flow controller as depicted in FIG. 5.

FIG. 7 is a section view of a third embodiment of a flow 'controlier

constructed in accordance with, and embodying, the principles of the

present invention;

'FIG. 8 is a section view of a fourth embodiment of a flow controller

constructed in accordance with, and embodying, the principles of the

present invention;

FIG. 9 is a block diagram view of a control system that may be used

in connection with the flow controller of FIG. 8,
" FIG. 10 is a section view of a fifth embodiment of a flow controller

constructed in accordance with, and embod'ying'. the principles of the

present invention,;

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



“-6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First Enbodi ment 5
Referring nowto FIG | of the drawing,. depicted therein at ZﬂskmLammé'OW
_controller systemconstructed in accor dance wi th, and enbodying, th
principles of the present invention. The fIOM/controIIer system 20 of t he
first enbodi mrent may be manufactured relatively inexpensively and is
.designed to operate reliably In a variety of configurations dependi ng upon
io such factors as the expected range of input pressure and the desired
range of flow rates, The exenplary flgy controller system 20 conprises a
housi ng assenbly 22 conprising. a first end nenber 24, a second end nenber
26, an internedi ate nmenber. 28, and first and second di aphragm 15 nenbers
30 and_.@gédnTbonhbbﬁbnaﬁdxﬂa@ﬂ@d/eenﬂohembéFk3240and:26 are attached to

22° S0 ascenbl itk T8 4 Seeton ol A GERBahEnt oF B AriE KopbRsEn he
s Sneosigeyan @é&braaﬂc}awﬁn@ﬁd@rﬁbodgmgb%e%&mpléefomhean i nput

chanber irst regul ator chanber The second di aphragm
menber 32pneseneﬁdm\aemmi‘l tkandween thes econd end nenber 26 and the

oo ator chalier 1965 ablast HiapasLy B3 B ol M Syati IR BT ERE e

exenpl arysod i 8HARELALR WETESS fld% Eontiblieedr FIGdeRine first and second end
cavities 25" 50 and 52." The exenplary first-and second -end cavities 50 and

52 are. simlar and each conprises an outer portion 54, a threaded
internediate portion 56, and- an inner portion 58.- . First and second
val ve assenblies 60 and 62 are arranged substantially within the first
and. second end cavities 50 and 52, 30 respectively. Except for

di mensi onal - differences, the exenplary val ve



“- 8 JUL 2005 -7 assenblies 60 and 62 are simlar in construction. In.
particular, the first valve assenbly 60 conprises a first valve seat
_menmber 70, a-first O-ring 72, a first valve stern-assenbly 74, ~ Bndl bzﬂﬁrst
val ve spring 76. The second valve assenbly 62 conprises a second first 5
val ve seat nenber 80, a second Oring 82, a second valve stem assenbly 84,
and a second valve spring 86. The first and séecond val ve seat nenbers 70
and 80 are threaded into the threaded portions 56 of the first and second
- end cavities 50 and 52, respectively. The O-rings 72 and .82 are retained
within the -threaded i o portions 56 -of t1fe end cavities 50 and 52 by the
val ve seat nenbers- 70. and 80. The first Oring 72 is thus arranged in

t he t hreaded f d cavit 50 to prevent fluid flow
bet ween . t'he lﬁﬁét@ﬁeﬁl}aﬁg%gﬁiﬁﬂéﬁéﬁﬁ %E’F"@B SRRED ER&BMMEN?JS The..

- second 0 ring 82 is simlarly: arranged-in. the threaded portion’ 56 of '
the second . end cavity 52 tp prevent is fluid flow between the threaded and

i nner portijons 5€irePEneco déhat .cavity 52. The exenplary val ve -stem
assenbli-es 74 and 84 are | entlcal .and each conprises a stem nenber 9 2

and a val ve-nmember 90 Q The exenplary stem nenber92 is a T-shaped part the
cross- bars - of whg are 20 engggni th n .t he .val ve nmenber -90. .The stem
nmenber §9 2 of t hERSIRINNY BOWHCS amgselep@tedrlherelncatg'&o isral are

Vol Ve seat Ttk sbRtrolff 825@38%%2@&3?83@%%%olégnaélllmliﬁ?né%lél&‘é%l 0 Hnver s
Val Ve Seat i e e oW U I AR R0 Mg
80. The valfifet e dd@@é\lma)ébe?mmaawred\relatwelpmembemswebl and is
| .designed to operate reliably in a variety of confi guratrons depending upon .
10 - such factors as the expected range: of input pressure and the desrred
range of flow rates, ' _
The exemplary flow controller system 20 comprrses a
" housing assembly 22 comprrsrng a first end member 24, a second end
member 26, an intermediate member 28, and first and second dlaphragm
15 members 30 and- 32. The first and second end members 24 and 26 are
" attached to the rntermedrate members 28 usrng bolts’ 34 to form the
.housrng assembly 22, So assembled the first diaphragm member 30 i is
~ arranged between the first end member 24 and thecrntermedlate .
member 28 to defi ine an input chamber 40. and a first regulator chamber
20 42 The second diaphragm member 32 Is. arranged between the- second
' end member 26 and the rntermedrate member 28 to define an output
: chamber44 and a second regulator chamber 46.
Referrlng now to FIG. 4, it can be seen that the exemplary
: lntermedlate member 28 is milled to define first and second end cavrtles
25 50 and 52. The exemplary first and second end cavrtres 50 and 52 are
similar and each compnses an outer portion 54, a threaded rntermedrate '
portion 56, and an inner portion 58. S '
First and second valve assemblies 80 and 62 .are arrang'ed
substantrally within the first and second end cavities 50 and 52,
30 - respectrvely Except for drmensronal differences, the exemplary valve



‘relative to the val ve seat nenbers 70 and 80 such that the val ve-ngrfuer 2005
‘90 engage or di sengage fromthe val ve seat surfaces 114 and 116. When 30
.the val ve nenbers 90 are di sengaged fromthe val ve seat surfaces 114 _8_
passageways, 120 and 122 forned in the valve seat nenbers 70 and 80, and
116; fluid is allowed to flow. through first and second val ve
respectively,.. But when,the valve nenbers 90' engage the val ue-seat
surfaces 114' and 1161. fluid flowthrough the first and second valve 5

- passageways 120 and 122 is prevented. The first and second val ve springs 76
and 86 are-arranged in the inner portioné 58 of the first and second end
cavities 50 and 52, respectively, to bias the. valve nenbers 90, of the.

val ve stem asse 84 t.owards-the ve seat surfaces 114 and

116.. : 10 ageem ngb %Qs%‘@ga@? %U‘ d”é’?”éf'é’cbﬁﬂs normal ly.. closed

val ves. Furtt Ml gaﬁxc}(ﬁ‘éﬁ’ thETRSPAIVE asERrbly b0 €3m afl rst valve seat
substantlally l'ihe I'n. " response to fi second val ve contro
forces applmethbiar mpa?frstamvaFVEna ﬁretrbahve stemaaaemtﬂys 74 andlka fisstve : stem
assenblies .74. and .84. The upper v Ive ste gbers 124 and 126 Pf t he
val ve stemveEsvespeng 7&s The %ﬁﬁP@lVﬁ @‘F‘%ﬁ%ﬂ" PiISER A S§EGRSLFrsto and

o it £ o G5B, R U S AS Ssaey

JpPer - T, arkP 4 Sbrilieedprg 661 L and .Sgcond di aphr agm rembers

ar eaﬁocat ﬁd I n tTh'Be fﬂ'ﬁelgﬂd sesandsval¥a $eat guent §B%ﬁ%ﬂ'¥e@3§nd 46
32

Prom the! 1 it tEEaitbabiBl JdrfiBhs i ofEP Rt andg{i@‘gme eAties 30 and |

regul ator H7,ireg ééﬁ%w IF&feGJ—angszﬂ andeﬁzare netdired mgﬂnaheﬂhceaadﬁﬁbrs 42

e L A0 SR ST S AR 7672705

and 80. Thefi rst O- rmg 72 is thus arfanged in the threaded portion’ 56 of
the first end cawty 50 to prevent fluid flow between the threaded and lnner
port:ons 56.and 58 of the cavity 50. The'second Q-ring 82 is similarly
. arranged in the threaded portion 56 of the second end -cav,ity-.5_,2f_to prevent
1s  fluid flow betwéen the threaded and inner portions 56 .ahd 58 of that cavity -
. 52, T -
‘The exemplary valve stem assemblies 74 and 84 are identical.and
- each comprisés a stem member 92 and a valve member 90, The_:,--
exemplary stem member92 is a T-shaped part the cross-bars of which are
20 embedded within the valve member 90. '
The stem members92 of the valve stem assemblies 74 and 84
| extend through-'and'a-re supported by first and second stem openings 110
and 112 formed in the valve seat members 70 and 80, respe_ctively. In
ad_dition, the valve members 90 of the valve stem assemblies 74 and 84
25  are arranged adjacent to valve seat surfaces 114 and 116 formed on the
valve seat members 70 and 80.
" The valve stem assemblies 74 and 84 move a short distance
relative to the valVe seat mémbers 70 and 80 such thatthe valve members
90 engage or diéengage from the valve seat surfaces 114 and 116. When
30 thevalve membersogo are disengaged from the valve seat surfaces 114



“25° ' menbers 30 and 32.. The di aphragm nenbers 30 and 32 are flexible and .
thus. allow forces on the piston nenbers 140 and 142 to be' t r ansfedyled dllbo
the valve plates 130 and 132. . Referring now back to the construction of
the housing assenbly 22, FIG '3 shows that a connecting passageway 150
extends between the 30 input chanber 40' and the inner portion 58 of the
second-end cavity: 52.. -s Fluid thus may flow fromthe input chanber 40 to
t he out put chanber 44 t hrough. the second val ve assenbly 62 when the second
val ve assenbly 621s open. FIG 4shows.-8-n broken lines an inlet  passageway
152 that extends . s froman inlet port-154 to the inner portion 58.0f the
first end cavity 50. Fluid may thus flow fromthe input port 154 to the -
i nput  cheair! 149 fiufid isighowetdofflove threrighefiesternbbecéfd wadre t he first val ve

assenmbly 62.15 0 d, 4 show. ~a-réstricti-on passageway 156 that-
al | ows fIQﬁiﬁag%e?Y%\ﬂ/‘?pr%ﬁ? '&%ef @bl t l@nﬁﬂh@r&aattmemberetl%hﬁn fRQageway

158 1l ouaogcoaf, 8t Ul 0 ChIEGEYRGS @GSEBEE#E@WV?%S%MWW

158 in tlsmfaalésomwalnd 416pfluld fowfthroudihehs figdtrasd seBoRasEAgeVvay 156
through the restriction menber '-162 to-an outl et -'port-.164.." F.G 4 al so.

showd t hﬂasﬁlaQW%Yﬁj'lg@(ﬁﬂdi"ggﬁﬁprﬁﬁe@@hagemys 170 15 and 172 all ow- |

Fegul ator ' cranbaparibSaf ek MR8 SE A 78 ke %rfplér?%ﬁé il nar the

oo o aeropotorts S0 e AT Bécond SR SRV SO AR L0 | D an

el ongat ergspectbasy: to biasdheaelve membrm's-% .of fiee. VBWSMH assenmﬂm 28. The..

bl ug. 18%4defcl %%f towé)rdégth%h\?a ve sea? surfaces 114 and 116.. |

10 " The valve assemblles 60 and 62 are thus normally. closed valves. -

Further. the-valve assemblies. 60 and. 62. open. substantlally lingarlyin.
responise to first and: second valve control forces applied {0 upper valve stem

" members 124 and.126 of the valve stern assembliss 74 and 84.
- The upper valve stem members 124 and 126 of the valve stem

" assemblies 74 and 84 are located in the input chamber 40 and
'OLitpU.l: chamber 44. First and second valve plates 130 and 132
are located in the :anut chamber 40 and output chamber 44
“between the valve stem upper members 124 and 126 and. the first and

second dlaphragm members 30-and’ 32, respecttvel,y,. First and eecond, - s
~ piston members 140.and 142 are located In the first and-second regulator. .
20  chambers 42 and 46 on the other side of the-first and- second diaphragm .-
members 30 and 32 from the fi rst and second valve plates 130 and 132.
Flrst and second regulator springs:144-and 146 are also located m fhe
regulator chambers 42 and 46 to blas the first and second- p:ston members
140 and 142 towards the valve. plates 130 and 132 through the.diaphragm
25 members 30 and 32. The diaphragm members 30 and 32 are flexible and
thus allow forces on the p:ston members 140 and 142 to be transferred to
the valve plates 130 and 132. . '
Referring now back to the construction of the housing assembly 22,
| FIG. 3 shows that a connecting passageway 150 extends between ‘the
30 - inglt chamber 40 and the Inner portion 58 of the second end cavity 52..

15



“through which fluid flows fromthe restriction passagemay 156 to the
restriction chanber 160,. A first plug O-ring 186 is arranged- t 0~ @ng WL§M5
that -fluid flows fromthe restriction passageway 156 only through :
‘restri-ction menber 162 in the restriction chanber 160. A second O ring
1,88 is 25 arranged to prevent fluid fromexiting the system 20 through the
access hole 180. In use, -fluid flows fromthe inlet. port 154'to the
outlet port 164 along a main fluid path'as follows: fluid in the input
. port 1 54 flows into the input chanber940 t hrough the inlet passageway
'152; fluid then flows fromthe 30 i'nl-et ™ “Chanber. 40 to the output chanber 44
through the first valve assenbly 8 JUL 2005 .10 60, :the connecting:’
passageway

and th n Ive 6 ' he out put
‘chamber 4 '?'ﬁigﬁutlntﬁkﬂ?\% ﬁtﬁr CB%@gigq?%%é‘dIﬁ’“i %Héﬁ]rbggffgl ction
passagewhf&ﬁ;h th?séééhﬂ'\/{dNé’ asserﬁtﬂy 6B Heh tHeeseeshaivEIvess r 160,
and the outlet” passageway" . Fluibd 1nthe outl et passageway 158 flows
to the fiBGaisapersecond - regul at or- chanbers 42 and 46 through 't he sanpl ing.

passageways 170 rid 172 ; The conpi nati on of the fluid su e |n
regul ator char‘r‘d@‘rcg1 shpws;ibraierh n%?@ﬁ’ﬂ&f%%@%%ﬁyﬁi 13hHex . Iator |

spri o} Ive :
-asse I | é‘iﬁp?ﬁlﬁi&fﬁ ﬁ%ﬁ“@&wgﬂ’gpﬁ%@%&@e{] aﬁlcemgln ant fluid
fl ow rat eFtuid mg;htmhélow am therinpdt past 154 tm the inpub clsambeaﬂo ittarlough’

| ndependent -of upstream or, downstrea ress re change eferring for a
m)mslr[r)t badre fipst J@e@SWytﬁg]%qutﬁ? Yrelas'55§ ry lﬁ@pﬁﬂ gstl ng -
asseribl y: that aeiasts diteacion ol rdstre e@e)%éagagegyay 186 that uid

regul ator: spring 14 he upper ne secon ve stem.
assenbly 8 flowhiropt ﬁmtwtadhambefglraéeauftﬂuymgpaasa@ewawbstﬂ|tbmugh a

10 restriction chamber 160 A restnctzon member 162 is- Iocated in the S '
restnctron chamber 160 The outlet passageway 158 In turn aIIows fluid to
ﬂow from the restriction passageway 156 through the restnctron member e
16210 an outlet port 164, ' o S
o FIG 4 also. shows that first and second samplrng passageways 170
15 . | and 172 aIIow fluid to ﬂow from the outlet passageway 15810 the t‘ rst and
second regulator chambers 42 and 48, respectively. '
_ . FIG. 4 further shows that the restriction chamber 160 Is formed by
' .‘ an access hole 180 milled Into the mtermedrate member 28. .The access-
“hole 180 is threaded to aIIow an elongate pIug 182 to be attached to the -
20  intermediate member 28. The pIug 182 defines a-plug chamber 1'84.
through which ﬂut'd flows from the -r_estriction passageway’ 156 to the = ,
restriction chamber 160, A first plug O-ring 186 is arranged to ensure that =~
fluid ﬂowslfrom't'h'e restriction passageway 156 only through the restriction
member 162 in the restnctron chamber 160.- A second O-ring 188 is
25 arranged to prevent fiuid from exrtrng the system 20 through the access
hole. 180. . . SR
In use, ﬂurd flows from the inlet port 154 to the outlet port 164 along
a main fluid path as follows: ﬂurd in themput port 1 54 ﬂows into the input
chamber 40 through the Inlet passageway 152; ﬂurd then flows from the
30 inlét chamber 40 to the output; chamber 44 through__the first valve assembly' ,



‘rate of .fluid through the system 20 to' be -adjusted. Wiile the ex r‘g)l a%
pressure adjusting assenbly 190 1 is nanual |y Operated, -a power e b

.pressure adjusting assenbly could be used, as will be di scussed bel ow, 20
that would allow the flow -rate to be control | ed renotely and/ or o
automatically. . The design of the housing assenbly 22 allows: the- flow

controller system 20 easily to be confgured for different-environnents. In
particular, the internediate nenber 28, which is a relatively conplicated
part, can be a5 -manufactured in a-stagdard form The standard Internediate
menber 28 can then be configured for a speC|f|c environment by appropriate.
selection of .the, first and second val ve seat menbers 70 and 80 and the.

_Befs]t rict l[ 60, tlmacbenedt(ﬁr?g passagémwﬁﬁ@ﬁaﬁd&helﬁﬁlﬂié vﬁﬁbét ﬁ§séﬁ1d Wf / 8ot U{ ed in
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cross- SeCfeﬂﬂet:or@péésze% 156 Vﬁe@%ﬁﬁ@ﬁdﬁhéﬂb& 162 Yr‘?'the reélinc?bnsecond '
on the expected

val ve seat nenber is sel ecfed base stream

and downs€haaer| 160 anddbeuretiet paegagsmrayelﬁ&;ner wi | | seI ect t he
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creates control forces that control the valve assemblies to. maintain
10 ,' substantlally a substantlally constant fluid flow rate through the flow’
controller 20 that is substantrally independent of upstream or downstream :
pressure changes, N SRR
Referrmg fora moment back to FlG 2, deprcted at 190 therem is a
pressure adjusting’ assembly that adjusts the control force applted by the -'
15 second regulator spring 146 to the upper member 126 of the second valve
~ stem assembly 84. The pressure adjustlng assembly 190 allows the flow o
rate of fluld through the system 20 to be adjusted; Whrle the exemplary .
pressure adjustlng assembly19o 1is manually operated a powered
| pressure adjusting assembly could be used as will be dlscussed below
20~ that would allow the ﬂow rate to be controlled rermotely and/or |
" automatlcally : , o | .

- Thedesign of the housrng assembly 22 allows the flow controller
system 20 easrly to be configured for different envrronments In partxcular. -
the intermediate member 28 which is a relatlvely compllcated part,.can be

25 manufactured in a standard form. The standard Intermediate member 28
‘can then be configured for specific envrronment by appropnate selection
of the first and second valve seat members 70 and 80 and the restnctlon
member 162.. . - v

The valve seat members may be manufactured in dlfferent forms,
30 each having a valve passageways with a different effectlve cross-sectronal



"between the restriction passageway 156 and the outl et passageway, 158. The
magni tude of 'this pressure drop may be altered by, selecting di feféUlerm%
restriction nenbers and/or using two or nore restriction nenbers in.

vari ous conbi nati ons. The characteristics of the flow controller system of
15 the present invention. may thus be altered by appropriate sel ection of
the restriction nenber 162. The flow controller system 20 thus forns a
general purpose flow controller thatttvay easily be enbodied in different
configurations depending upon the environnment in which the system20 is to
be used. 20 Il. Second Enbodi nent Referring nowto FIG 5 of .the draw ng,
depi ct edatgwer The effective drssa-secﬁonahamea%mwﬁl\tﬁ passaGRVEYfPr 8l I er system

t ted in- d 5 wth, ' | pcd th
b esent GNGBHTSGRT SaRANd NAWE ESF MATMERT By Saiiets pagRd Rl tE BXBacRd [ 02
s desi d.t L : _ . ) : s - ndi
upon' sudinus SLRStE ad dolRistedm LA rBbEuR e, A R e esi 1 ad
range of il SNGEEHRSapnidirlzte vatvd bent ptanbel for a givereenvionmantidie
pplication 1 n many nvironments, it is of particular si 8in ficance in

cl ean envid diffsrehs valverdeatimefibersanei fabricated sashidefiniog & entiuid

must be mnimzed. . The exenpl aré flow controller s sterrE‘%Zf%u?orrpri ses a'
housi ng Grasersecliore? areaibie; SYSigm designsr rigysele rBIMPRYAOUT S second: :

P e SRER i Ron s S OiS B e Sk, Mero sad sest and o
ranber o DB B e o s her conpr | es o
first digpdtepgm plate 236 ,.and -a first. diaphragm -sl-eeve 237; the second
. a%‘ 9™ The restriction member 162 creates a predetermined pressure drop
between the restriction passageway 156 and th,e putlet paésageway 168.
The magnitude of this pressuré drop may be altered by, selecting different
restriction members and/or using two or more restriction members in |
various combinations. :The.characteristics of the flow controller system of
15 the present invention may thus be altered by ap_proprjata._sé_[ectiq.n of the
restriction member 162. - ' | | |
The flow controller system 20 thus-forms a general purpose flow
controller that may easily be embodied in different configurations _
depending .upon the environment in which the system 20 is to be used.
20 -
il Second Embodiment

Referring now to FiG. 5 of the drawing, depicted therein at 220 is a
second embodiment of a flow controlier system constructed in accordance
25  with, and embodying, the principles of the present invention. The flow
controller system 220 of the second embodiment is designed to operate
reliably in a variety of configurations dependiri“g upon such factors as the
expected range of input 'pressure and the desired range of flow rates.
While the flow controller system 220 may have application in many
30  environments, it is of particular significance in clean environments in which



“10 assenbly 232 al so further conpri ses a second dlaphragnrplate 238 and a
second di aphragm sl eeve 239. : The dlaphragntnenbers 234 and 235" dUL ﬂM5
wel ded-to ~the di aphragm plates 236 and :238. The di aphragm nenbers 234:
are addltlonally welded-, to the diaphragnrsleeves:237-and 239, while the
di aphragm -rrenbers . 235 1is are secured between.the di aphragm sl eeves 237
and 239. and the internediate nenber M. The first and second upper nenbers
224;and.: - . 226 are threaded onto t he base nmenber 228 to form the.

housi ng assenbly 222. So assenbl ed, F first diaphragm assenbly 230
defi'nes.an input 20 chanber 240 and al%irst regul ator chamber. 242. : The
second. diaphragm assenbly 232 defines -an output chamber 244 and a second

oo g AR FortEnini AR Bl B B o S o e O
passageways —arhé lexermgldiy fiéek controliel system. 220259 P?%e@‘@”p' ary base

menber 228 is nitled to-define first and second cavities 25.0 and 252.
The exenpPHBing assembiy 222 camprising adyst gepeamerz&mrawt.e secanrdand each

soe," anoao HEALEE 228 4 oBBE' B ERenigfe G BGF Sod id Fbene P "
respect i ¥etand df daplgra@rﬁdaiél?] mBPRES PBOVAhY 238ssenbl i es 260 and 262 are

arranged subst-ant In the fitst  and second end caviti.es 250 -and
252, respecti \Tequ/dl@dmargmfaasembhaasr?aﬂzandjr?BfZe:rermaslarttbaiaoh otherbe rioted

EﬁLSlluc%r@r%ﬁ”ﬁ&%#r hYE 1 FEChh G A BeR Sub s 2R Bhi Has s
first vafye f rrsearepmegeﬁ ak&emist aaaﬁrnrfér¢dtap¥;§%s a‘frfétrczgéeﬁlﬁdglﬁ stem- -

assenbly 274 firrst "va ve sprin he secon al ve assenbly'
262 conpplaée238 andetirat, diapheagraslens 7 lee seeemledmpdﬁragm ng 2P2, a

Se(f(? nd é(@e"n%blfﬁﬁ@ 18 %h%rZS%pﬁQgs % sseec%%rbddl/a%hvr%g?r? plaqg %and a
‘seécond diaphragm sleeve 239 ' : L
. The draphragm members 234 and 235 are welded to the draphragm
plates 236 and; 238 The draphragm members 234 are: addltlenally welded-
. to the diaphragm sleeves 237 and 239 ‘while the diaphragm- members 235
15 are secured between the diaptiragm sleeves 237 and 239-and the .
' lntermedrate member228 . The first and second upper meambers 224 and
. 226 are threaded onto the base member 228 fo form the housing -.
assembly 222: : '
. So assembled the- ﬁrst dtaphragm assembly 230 defines. an lnput
20 chamber 240 and a first regulator chamber 242, The second draphragm
assembly 232 defines an output chamber 244 and a second regulator
chamber 246 Welds and seals are employed to ensure. that flow between
the various. chambers descnbed hereln are only through the passageways
_ or flow paths defi ned below. .
25 -The exemplary base member 228 is milled to defi ine t' rst- and
‘second end cavities 250 and 262. The exemplary first and secand cavities -
250 and 252 dare similar and each comprrses a threaded- outer portion 254,
a threaded intermediate portron 256, and an inner- portlon 258.

_ Referrlng to Flgures 6A and 6B respectlvely, first and
30 Isecond valve assemblies 260 and 262 are arranged substantially

'within the first and second end cavities 250 and 252,



"The first and second val ve seat nenbers 270 and 280 are threaded 8§ dtb 0% .
t hreaded internediate portions 256 of the first and second end cavities 10
250 and 252, respectively. The Orings 272 and 282 are retained within the
threaded internedi ate portions 256 of the end cavities 250 and 252 by the -
val ve seat nenbers 270 and. 280. The first Oring 272 - is thus arranged in
the threaded internediate portion 256 of the first end cavity 250 to
prevent fluid flow between the threaded and i nner portions 256 and 258 of

- the cavity 250. The 15 . 'second O-ringl@82 is simlarly arranged in the
threaded intermedi ate portion 2%6 of the second end cavity 252 to prevent
fluid fl ow between the threaded and inner portions 256 and 258 ?f t hat
cavity Z%Spmvelgenﬁkaem foxidimensionaldifaneness thgtaviihe boted e ?Went i cal

e B 2 AR AR a0 M k2 R JEIR R s R o
enbedded w thi 'Ihb?% l’ethgﬁfll"é?l/al%%?assemlﬁl}ﬁzsofwmpﬂ%saﬁtr%tvelve he.' val ve

stern assenblies extend through and are supported by first

and secorslaa"{tmenuipm?ﬂ?‘@,samﬂOarm 2?2 aofiinsbyalve steme asserablyedf4ndider s 270

g 320 aireve shua 2% THRCAA 0 vl i B BR R R eRla L e, vl ve
314 and 3l 5{;13! gﬁd W Qéat’ﬁlelﬁbéﬁ%oﬂﬁ%m&@rlﬁ?qz@% sgeendajalgest ern

assenbl i es” 84 nmove a short distance - rel afive-t.o tfie:val ve-' seat
menber s’ ternadsashly @64, ehdia speand I Vavaspring®@ds 292 engage or di sengage

are di EZnéigéﬁTﬁp?rﬁfﬁéa%%es et s AT A 0 B Redbsy s 202
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menters 256 pRdZEE refsestivele The O-rings 272 and 282 are retained within the -
| threaded intermediate portions 256 of the end cavities 250 and 252 by the valve
seat members 270 and 280. The first O-ring 272 "is thus arranged in the "
' threaded intermediate portion 256 of the first end cavity 250 to prevent fluid flow
" . between the threaded and inner portions 256 and 258 of the cavity 250, The
15 second O-ring 282 is similarly arranged in the threaded intermediate portion
256 of the second end cavity 252 to prevent fluid flow between the lhreaded
and inner portions 256 and 258 of that cavity.252. l
The exemplary valve stem assemblres 274 and 284 are rdentrcal
and each comprises a stem member 200 and a valve member 292, The
20 - exemplary stem member 290 is a T-shaped part the cross-bars of whrch
 are embedded wrthrn the valve member 292.
“The stem members 290 of the valve stem assemblies 274 and 284
extend through and are supported\by first and second stem openings 31 0
and 312 formed in the valve seat members270 and 280., respectively. In
25 addition, the valve members 292 of the valve stem assemblies 274 and
284 are arranged adjacent to valve seat surfaces 314 and 316 formed on
' the valve seat members 270 and 280.
The valve stem assemblies 274 and 284 move a° short drstance
relative to the valve seat members 270 and 280 such that the valve
30 members 292 engage or dls'e.ngage from the valve seat surfaces 314 and



"seat surfaces 314 and. 316, fluid flow through the first and second val ve
passageways 320 and 322 is prevented. The first and second vaIveBSQsz@g

. 276 and 286 are arranged in the first and second regul ator chanbers 24

and 246, respectively.: As will be. described in detail below 'the valve
springs 276 and 286 bias the valve io - nmenbers 292 of the valve stem
assenblies 274 and 284 towards the valve seat surfaces 314 and 316. . The
val ve assenblies 260 and 262 are thus normally closed val ves. Further, the
val ve' assenblies 260 and 262 open substantially linearly -in. response to
first and second val ve control forces d@plied to .upper portions . 15 324
and 326 of-the valve stem assenblies 274 and-284. . . The upper portions .
324 and 326 of the valve stern assenblies 274. and 284 are |ocated in the

ij'npuh Chamqlgtt ngtgré vd 2383m tzzmeﬁ??\ma%gdé‘m@edﬁ{%%g%tO fjhe |
I a ragms al es an ‘I es GLIV | . ana . -
238|.O~arg sarfaae'a &%aadt%‘tﬁ.tfbﬂfiﬁﬁp O&fﬁﬂe @ﬂ%ﬁhﬁ@”ﬁﬁ%ﬁgéﬂ%& 'Sﬁ@ﬁgs 330 and
332 located in the first. - : 216, .
et andvabipessagaiars S ARG I e e CARRPSSR FEMBRL Z10. -
regul at or Bﬁg_ﬁz(‘?@g%s%é%ti@éﬁx.'Z-B'@t Wheti B Vawef mesibasd2 86 emrdgectinel valve .

pl ates 33 T towar the di aphragm-pl ates 236 and 23%@5)hrﬁ,ug.h t he
25 . yal veeabsiifases B badd 15, fivid flow thoughdiiesdfitst andsecan®vame st -

di aphragm pl ate 236 first, ,val assenbly 274-thus are rigidly
connect edP?é%ﬁ@WWﬁ% ?Bdf%?%'%pﬁ\feé{tgglm i de assenbly 344. Similarly, the

second regul at ofy plialieP2ecsREVEIe SHHRABRIZLETRRLEE 206 arrmiyatbimtive val ve

stem assenbly 2847 are ri gl gl y connected 30 to each:oether to ,f,ﬁrm,ﬂ second

sl i de assfipdtiah®46cofd Fegupstos chambers 242 and 246, respectively. “As will be
described in detail below, the valve springs 276 and 286 bias the valve

‘10-  members 292 of the valve.stem_'assemblies.274 and 284 tt_:sfvgrgls the

valve seat surfaces 314.and 316. | |
" The valve assemblies 260 and 262 are thus normally closed valves.
FUrthe‘r; the Qalve"ass’e‘mbiies 260 and 2.62',olp'en' substantially lineatly in
respohse to first and second valve control forces applied to .ubper ‘p_carﬁons' ,
15 324 and 326 of the valve stem assemblies 274 and 284, '
The upper portions 324 and 326 of the valve sfcemiassem-blies 274.
and 284 are loc':at'ed'in the in'put chamber 240 and output chamber 244 énd are rigidly '
conhéctéd to the diaphragm plates 236 and 238, respectively. .The-
_diaphragm 'p!atés 236 and 238 are in turn connected to-first and second
20  regulator plates 330 and 332 located in the first and second regulator -
_ chambers 242 and 246. | o
| :First' and second regulatér springs 340 and 342 ére-élso l-o,cat_ec_! in -
the regh!ator chambers 242 and 246 to bias the first and second regulator
: P!8f65330. ‘and332 . towards the diaphragm plates 236 and 238 through the -
25 . valve springs 276 and 286, L '
| The first regulator plate 330, first diaphragm plate 236 , and first |
valve stem assembly 274 thus are rigidly connected to each other to form ‘afirst'
slide assembly 344. Similarly, the second regulator plate 332, second.
diaphfagrﬁ plate 238, and second valve stem assembly 284 are rigidly connected

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



"-15 The slide assenblies 344 and 346 are suspended by the firs¢ ga 5
second stem openi ngs .310 and .312 forned in the val ve seat nenbers 5¥g)and
.280, the diaphragm nenbers 234 and 235;., the valve springs 276 and 286,
and the first and second regul ator sprlngs 340 .and 342: ‘The., 5 di aphr agm
menbers 234 and 235 and springs 276, 286, 340, and 342 are flexible and
~allow the slide assenblies 344 and 346 to nove. In addition, the valve
stem assenblies 274 and 284 slide relative to the valve seat nenbers 270
-and'. 280, Accordingly, the slide assenbl i es 344 and. 346 --nove within the
hou5|ng assenbly 222 such that .forces -t he dlaphragn1 menbers io0 234.
and 235, open.-and cl ose the valve assenbl i es. 260: and .262...: Referring

, how. back to FlGT la connec%hgg Hgssa% 4&% 350 extends betmeen t he i nput
Icélhaln‘ge{ hﬁgo ancll{d Re §iideas | B4thare suspeaded byt fits tfﬁrou )
thg second val ve g%%ﬁﬁﬁly g% agen E%1§48Té%9 @3ﬁ§“&§?§éﬁﬁggﬁﬁbﬁveﬁsz |sg
open. . ' .270 ﬁndizrﬂoetthﬁ&haplmgﬂym@hbeestzamanﬁrm thie- vall/etsp?ﬁlgs .9;56 to -
the Inner pgQ 8 g g % rst nd cavity 250. Fl-ui d may thus flow
from.the ﬂﬂé? go?‘f’ 488 fiy Sl"‘ﬁ reaalﬂiersamogsrﬂwgndt%zr iTha  val ve

nbley 2
ostricti of RNERn rhombets 2B ?P%?%ll%blﬂré%%%ﬁ@ﬁ BE0: ofid 34danee:
' 244 to anflexitlernshs éhaysltdé&slsbmbl{es 34vemid B9 Wﬁadalt@k A

restriction menber 362 is ?cated in the restriction chanber-360
outl et pasiMYUaNE st assgmblies 244 Qﬂ%%‘ﬂ slide relativerte theoralverseatembsarson

o egevey 13S0 M8 s TREMIREE L0 Y S48 MRS, %

A first by{)ass passageway 3 orrre Iaphr Fows
fluid to fthshpusiag assernblﬂzaaubhrthaﬁﬁ:msaort the didpmegimanapiairs 372

e85 Dl sl ol B g aeltl L 230 A LI housing, asserily 222
to flowfromt hﬁéfe'rﬁﬁg hb?lﬁbécl@f@lfl@r 5352c61‘i’hé’ctmg passageway 350 . |

extends between the input chamber 240 and the inner portion 258 of th-e

second end cavity 252, Fluid thus may flow from themput chamber 240 to‘

. theoutput chamber244 through the second valve assembly 262 when the
15 second valve assembly 262 is open ' o
An inlet. passageway 352 extends from an lnlet port. 354 tc the inner |
portlon 258 of the first end cav:ty 250. Fluid may thus flow from.the “inlet
port 354 to the input chamber 240 through the flrst valve assembly 260

when the fi rst valve assembly 260 js open, ,
20 -Arestriction passageway 356 allows fluid to flow from the, output
chamber. 244 1g an outlet passageway 358 through a restnctlon chamber
360. A restriction member 362 is located in the restnctlon chamber.360.
The outlet passageway 358 in turn allows fluld to flow from the restriction
passageway 356 through the restriction member 362 to an outlet port 364.
25 A first bypass passageway 370 formed In the dlaphragm plater 236
allows fluid to flow from the inpe. chamber 240 to a first bypass chamber
372 der“ ned by the first diaphragm assembly 230 and the housing
assembly 222 A second bypass passageway 374 f’orméd in the base
~member 228 allows ﬂuxd to flow from the fi rst bypass chamber 372 to a
-.so second bypass chamber 376 def‘ned by the second dlaphragm assembly -



*. 30 second bypass chanber 376 defined by the second di aphragm assenbly -8
JUL 2005 -16. 232. and the. housing assenbly 222. A sanpling pags ema 378
_connects the outlet passageway 358.to the second -bypass .chanb

bypass nenber 380 is'Iocated within the first bypass passageway- 370 to
create a pressure 'differential.between the input, chanber 240 and . 'the 5
first. bypass chanber 372. !'n use, fluid is introduced into the InIet - port
3.54. and then flows through the system 220 along a main ‘flow path as
follows. Fluid-In-the inlet port 354 fl?ﬁs into the input chanber 240
through the inlet passageway 352. Fl.uid tflen flows fromthe input chanber
240 to the output 0o ' ch anmber 244!-through the first Val ve assenbly.

205 ¥ uf T Bhife IRATRGUEUrAB 2oolh ek BinIRRS PRSSHRERETE por ) 564
t hr ough t heoresots the omtlemgﬁm?my’fsee tb*thefﬁddn@bggasg‘%!ﬁa% bgpZ76.n the

restriction chanber 360 d the 'outl et passageway 3 bypass path _ _
t hrough t hé\ bypass mestass38@ds lacated \mthlcttheytg at byppssqassanevep30d into

the first pass, chanber. 37 Thi nt:i,nues al ong the bypass path
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chanber, 37 ther 20 continues along the bypass path from
t he seéond%b @géyhgﬁhﬁé}éﬁ the outl et passageway 358 through the
sanpl i ng paSSage!mYséWﬁdeTbﬁntrbﬂﬁééuf'ﬁtd"tHd‘hlbttﬁ@nfGSL‘ﬁbn@’tﬁeheﬁoW - bypass

chanbers 3. 72 .and 37 he same as the pressure e outlet,

passagéway terigh thﬂ%@mﬁﬁﬂaﬂmﬂg aﬂ'nailrneﬂowtpathmseﬁdluwsl Flulddntthpass
chanbers 3. né rg ég gﬂ b|a5|n force applied by the_regulator
springs. 345eHRPTRS ﬂ@W@é‘t"@ EdmRytah 240 thgughotheriblett he val ve .
asserbl | e\?\Prat Q%Qﬂalyg%@g%t tuéme%tﬁbvps fabs thaThb & dandba B & theaodtplutctht ant

flurd flo
10 chamber 24 through the fi rst valve assembly 260, the connecting

. passageway 350 , and the seccnd valve assernbly 262.° Flwd in the output '
" chamber 244 then flows to the outlet port 364 through the restrlctlon o
passageway 356, the restriction member 362 in the restnction chamber
360, and the outlet passageway 358. " - '

15 A small amount of fluid Inthe input chamber 240 flows along a
bypass path through the bypass miember-380 in-the first bypass _ '
passageway 370 and Into the fi rst bypass. chamber 372. Th:s fluld-
contmues along the bypass path through the second bypass passageway: .

| 374 and lnto the second bypass chaimber 376. ‘The fluid then further

20  continues along the bypass path frori the second: bypass chamber 376 to
the outlet passageway 358 through the sampling passageway 378.

"The pressure within the first and secorid bypass chambers 372 and '
376 is thus the same as the pressure within the outlet passageway 358, .
The combination of the fluid pressure in the bypass chambers 372 and -
25 376 and __biasing force applied by the regulator springs 340 and 342
~ creates control forces that control the valve assemblies 260 and 262 to

maintain substantially a substantlally constant fluid flow rate through the .
flow controller220 that is substantxally lndependent of upstream or
.downstream pressure changes However, fluid does not accumulate in the

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



“flow controller 220 that is substantially independent of upstream or
downstream pressure changes. However, fluid does not accunmulate iR §hgL 35
_bypass chanbers or bypass passageways because a small anmount of the -17
fluid will flow along the bypass path during nornmal operation of the system
220. Referring for a nonment back to FIG 5, 'depicted at 390 thereinis a
pressure adjusting assenbly that adjusts the control force applied by the 5
second .regul ator spring 342 to the second valve stem, assenbly 284. The
pressure adjusting assenbly 390 allows the flow rate of fluid through the
‘system 220 to be adjusted. Wil.e the expnplary pressure adjusting assenbly
390 is manual |y operated, a powered pressure adjusting assenbly could be
used that would allowthe flowrate to =be controlled 10 renotely and/or

aut orat i-cBuidywillTtaw déshgthe bypassisathi derng HofRieY opetafibh S48hé @gste;ﬁ' ow
controlle system 220 appropriate for use in situations’'in whiCh contact
bet ween t *springs and the controlled fluid is avoided 'and fluid is not

all owed. to col ¢ Y bR tem 2 15 jth.the system
20 descri bed aﬁ%{rlﬁg%m@eb?bs%ggpsr@ﬁeigeﬁggﬁ%@t ﬁgg%gﬁ‘?‘ﬂr‘%é in
di 11 er entpressuss adjustingeassgmbly tatead]0stmeedifiolorbe BgibtdPite
effective cross-se tional,ar%g-' The effective cross 'sectiondl area of.
the val ves‘%ﬁ%fgb‘&k% oF PGPV dothesecondsealvadstermbssently 26dntEhe i s
sel ect ed g . - ream,20: _and., downstream fl ui d
pressur esé}éiggryés)tag}rlf‘}glggi gner'ﬁ\g\}){?gggllgg{s #ﬁe:ﬁoﬁpr&t%@f?@ﬁ%%gu\g at nmenber
fora gi véystemi 22htebe. adjustes Wiiltettentxenplan pragsursrEgustiag e fabri cated
ctional area, the'%%sten1designer-nay
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10 remotely and/or automatically. P
The d-esign of the housing assembly 222 allows the:flow controller
system 220 appropriate for use in situations in which contact between the .
springs and the controlled fluid is avoided and fluid is not allowed to cbllect
anywhere within the system 220, R
15 Aswith the system 20 described above; the valve seat members
| may be manufactured in differeht forms, each having a valve-: -
. passageways with a d_iffere_rit effective cross-sectional are-a“." The’«éf.fective
‘cross-sectional area of the yalve-paséageway for a g-fven-.ﬁfst or second
valve seat _member is selected based on'the expected range-' of upstream
20 and downstream fluid pressures. A system designer will select the
' appropriate valve seat member for a given envir‘o'nment.. If fwo different
- valve seat members are fabricated each defining a different cross- . |
sectional area, the system designer may select from a'mbng four effective
configurations of the flow control!er system. More valve seat members will
35 provide more effective configurations of the flow controller system. In |
addition, the valve seat members of the system 20 may bé the same as-,
and used in, the system 220.
| The rgstrictton member 362 creates a predetéri*nined pressure drop
‘between the restriction passageway 356 and the outlet passageway 358.

30 Themag.nitude of this preséure dropllmay be altered by'selectin'g different



“addition, the valve seat nenbers of the system20 may be the sane as, and
used in, the system 220. The restriction nenber 362 creates a pred@tﬁ[n}md
_pressure drop between the restriction passageway 356 and the outl et
passageway 358. 30 The .nmagnitude of this pressure drop may be altered by
selecting different _18 restriction menbers and/or usi ng two or nore
restriction nenbers In various conbinations. The characteristics of the
flow controller systemof the present invention may.thus be altered by
appropriate selection of the restriclqgon nenber 362. 5 111. Third

Enbodi ment . Referring. nowto FIG. 7, depicted at 420 therein is yet
anot her exenplary flow controller systemconstructed in accordance wth,

and 10 erfetyctitth rﬁdiﬁbers andresing. thmrmmememstriouemnemberadnf | ow

. controller -system 420 of the third enmbodi ment is * %mflow
control | evarious emnbkmtxmﬁha@aégﬁwstlpﬁ of flae ﬂﬁ’WaPQQ e l@f 5319 & "and
I t he, fl ly t
the. ext ertherhrasent Infantoranay s HE AT B ppifpisResebtop arme 1y, Lo

flow contrregltﬂ,&forﬁwﬁgrﬁﬁbﬂggzl s designed to be electrically controlled so
that the system 420 nday be operated renotely and/or as part of a |arger

system having a centralized controller. The exenplary flow controller
system 420 co ' ' i.ng assenbly 422 conprising a first upper nenber
424, a sé@ondhﬁgha3%E®Pgﬁ§§bgr'426, a base or internedi ate nenber 428, and
first and second valve assenblies 430 and 432. The first and second upper
menbers 424 and 426 are threaded onto the base nenber 42 form the

housi ng assenbRefazing mow toi S, Hdepicteshat 420 therglr isye %Oﬂw and 432 are
arranged exemplary flow controller system constructed in accordance with, and

10 embodying, the principles of the present invention. The flow controller
system 420 of the third embodiment is similar to the flow controller system
220 dhéslcr_.ib,e,d above. In _the'ibter.e,sts of brevity and clarity, the flow". -
controller system 420 will be described primarily to the extent that it differs
from the flow controller system 220.

15 The flow controller system 420 is designed to be electrically |
controlled so thatthe system 420 may be operated remotely and/or-as part .
of a larger system having a centralized controller. ' '

The exemplary flow controller system 420 comprises a
housing assembly 422 comprising a first upper member 424, a second

20 upper member 426, a base or intermediate member 428, and first and
second valve assemblies 430 and 432. The first and second upper
members 424 and 426 are threaded onto the base member 428 to form
the Housing assembly 422.

The first and second valve assemblies 430 and 432 are érranged

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

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



" 25 below first and second regul ator chanbers 434-and 436, respectlvelz
defined by the. housing assenbly 422. The exenpl ary val ve assenbl i §U 42865
.and 432 are simlar in construction and each conprises'a valve spring 440,
a val ve nenber 442, and a val ve seat surface 444. The valve springs 440
bias the val ve menbers 442 towards the val ve seat surfaces 30 444 such that
t he val ve assenblies 430 and 432 are normally closed. -1 The val ve
assenbl i es 430 and 432 open substantially linearly In response to first
and second val ve control forces applied ig first and .second regul-ator
pates 450 and 452. The regul ator plates 0 and 452 are suspended within
t he regul ator chanbers 434 and 436 between the s val ve sprlngs 440 and.
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val ve assenﬁ$|es 4&& 432 to maintain substanti anti al
constant fl t§'@T¢eY Pé?@”f‘ﬁ?é@&rﬁﬂﬁé%@ﬂs thernalve lassendtlies mﬂﬂand 432

proper con £ WICO IIer420 S

subst anti aﬁlh§/d ﬁ%g 6é’ﬂb’? aglaﬂ#r ég%ﬁg%‘% BF% &ggﬁ J}ﬁé@%ﬁ changes. In

the exenplary syht Haeﬂﬂﬂld rshetrodm:e@hntbmndnlea peH £60 arRl #Heh Aalvée - _
art by a control systemd47Q a .

por 1 on’ of IRUSN 28 RuSIra A2 AA8 & Eahdiammath to diboutiebportenas
L5 o A S 0 B DA G
mot o asse@eryblmatioAlthetuid Prepsure algwgather bppaspatid ahd fhe biasing -
force applied by the regulator spnngs 454 and 456 creates control forces
~ that control the valve assemblies 430 and 432 {o maintain. substantially a
substantlally constant fluid flow rate through the flow.controller420.. Under
15 proper conditions, the fluid flow rate through the flaw controller420.s
substantially mdependent of upstream or downstream pressure changes. .
“In the exemplary system 420, the control forces applied. to the valve
_ assembly 432 are generated at least in part by a control system 470 a
. portion of which is mounted on the second upper mem,ber.4,26. n
20 particular, the control system 470 comprises a motor assembly 472, an
actuator member 474, and a housing 476. The housing 476_ supports fhe
motor assembly 472 above the second regulator chamber 436. A
threaded portion of the actuator member 474 extends through a threaded
actuator opening 478 in the second upper member 426. The actuator
25  member 474 engages the second regulator plate 452 to apply a contro}
, force that opposes the force applied to the regulator plate 452 by the
second regulator spring 456.
The actuator member 474 is operatively connected to the motor
assembly 472 such that operation of the motor assembly 472 causes axial
30 rotation of the actuator.member 474. The actuator member 474 engages



"threaded portion of the actuator nenber 474 extends through a thnng®g 005
actuator opening 478 in the second upper nenber 426. The actuator 2 n%
.474 engages the second regulator plate 452 to apply a control force that
opposes the force applied to the regulator plate 452 by the second

regul ator spring 456. The actuator nenber 4741s operatively connected to
the nmotor assenbly 472 such that operation of the notor assenbly 472
causes axial 30 rotation of the actuator nenber 474. The actuator nenber

- 474 engages -20 the threaded actuator28peni ng 478 such that axial rotation
of the nember 474 is translated Into axial displacenent of the menber 474

ot or  as U %“’%ygfééuafﬁfeééﬁ%%i%% FsBer Bl Totatlom al i marBPee app i o
o > tNRTAg WM o] iﬁ&&aﬁf@ dsﬁ@lgbén’i"éiﬂadﬁﬁb eMBERA7A ARG Y ScussT on

of the flow con ncreasi ng o ecr as ng € control

force apaWaeycfrcbm mmsemd segulatbeplatd 4520 Ohevationidi¢heahetarf fluid flow

al ong the nmain Iow path through the controller 420. 10 The notor.
assenbl yaagemply 47 @ﬁ %wsalr&ﬁﬁ@%ﬁtqr&ﬁﬁre%%|5b@rCOm§EQJrfOI'Qe1§DP|l%d édntroll ed

by a ignal to cause axial rotation of the actuator
mher E@ %ﬁ%&é&g&@SETPO NT SIGNAL at a desired value, the system
420 Wil mai nay i3 mpeient frdrmithe fok %oing discuigsiencef theshewdtditrdliert hat

desired value. If the value of the SETPQO NT' SI GNAL changes to a
second de¥stesn228) increasing er deergasing tlnamm@mltf«nmecaﬁpbedztadhw || change

accor i nifator R S5 Sl SRV e idhe St alief o eRRhehRanan HaHRA can
oot ha T g g e 20,2 et he. syst om 420 w || ”ép'er”at cas

10 - The motor assembly 472 is or may be a conventional stepper motor
that is controlled by a USER SETPOINT INPUT signal to cause axial
rotation of the actuator member 474. With the USER SETPOINT SIGNAL
at a desired value, the system 420 will maintain constant fluid flow at a

. rate corresponding to that desired value. If the value of the USER -

15 SETPOINT SIGNAL changes to a second desired value, the fluld flow
through the system 420 will change to a second flow rate correspondmg to
fhe second desired value.

Accordingly, a controller that generates the USER SETPOINT
SIGNAL can change the desired flow rate as required at a given pointin

20 time. Once that desired flow rate is set, the system 420 will operate as
described above with reference to the system 220 to maintain a constant
flow rate even with changing upstream and downstream pressures.

The exemplary motor assembly 472 further comprises a rotary
encader that generates a ROTARY POSITION OUT signal that

25  corresponds to the angular position of the actuator member 474. The
ROTARY POSITION OUT provides feedback to the controller that
generates the USER SETPOINT SIGNAL for more precise control of the
motor assembly 472,

-



" described above with reference to the system 220 to maintain a constant
flow rate even. with changing upstream and downstream pressures.-TBhayL 2005
_exenplary notor assenbly 472 further conprises a rotary encoder that
generates a ROTARY PCSIT) ON QUT signal that 25 corresponds to the angul ar
position of the actuator nenber 474. The ROTARY PCSI TI ON QUT provides
feedback to the controller that generates the :USER SETPO NT SI GNAL for
nore precise control of the notor assenbly 472. -21 111..: Fourth

Enbodi nent Referring nowto FIG 8,. dep2tted at. 520 therein Js, yet another
exenplary flow control | er system constructed in accordance with, and 5
enbodyi ng, the-principles of the present invention. The flow controller
system 520‘ of -t @U mbaslimeditrent is simlar to the flow controller
system 220 descri bed above. In the i.nterests of. brevity and clarity the
fl ow controller system520 will be. descri bed primarily to the extent that

st om 550" o ReNIog RNBNEIGE & adiRi Pt 330 ntfell S JathafiL o\ Lot
520 may beexm‘ﬂpler?ﬂomec@ﬁﬁbllere@%tem eensfuttedPin: é‘p{c@r‘c@lcesmheggﬂa‘” ng a

centralized controller, The exenplary flow controlTer systemb conpri ses

a housi ng Q{@b@drwng.b‘Hpoocrplesmghepresentlmeatromerfﬁbe ﬂ@ge]poatre&epgd ' Isd
528, t

32?32 oo it DaseP Rl STt Te sk o das Soverontreleer 5 524 and

238 °r o | s amesi s ene A A O By aRLGRAg, BICT ),

522. . The“first and second val ve asse ged at
20 | east rﬁlew l:omrollensysteneﬁHOamllrbe:tleshrlbea%meﬁl o fROukEMthaglyi ty 536,
respective # c}efl r}ﬁ f%/ t he h usi ng, assenbly ‘5 The exenplary. f| rst

val ve érs e flow contro ler syStem 220.

10 ' The flow controller system 520 is desrgned to be electncally .
controlied so that the system 520 may be operated remotely and/or as part
ofa larger system having a centralrzed controller. ,' N

The exemplary ﬂow controller system 520 comprlses a B
housing assembly 522 compnsrng a first upper member 524 a second.

15 upper member 526, a base or rntermedlate member 528 and frst and-
second valve assemblres 530 and 532 The fi rst and second upper h
members 524 and 526 are threaded onto the base member 528 to form
the housing assembly 522, '

The fi rst and second valve assemblies 530 and 532 are arranged at
20 ..‘least partly wrthrn a regulator chamber 534 anda regulator cavity 536,
- respectively, defined by the housrng assembly 5562. The exemplary first valve
assembly 530 comprises a valve spring 540, a valve member 542 anda
»valve Seat surface 544, The valve spring 540 biases the valve ‘member
542 towards the valve seat surface 544 such that the first valve assembly 530
25 is normally closed. The exemplary second valve assembly 532 comprises a valve
member 546 and a valve seat surface 548. The second valve assembly 532 is
closed when the valve member 546 engages the valve seat surface 548
"The first valve assembly 530 opens substantially: linearly { in
response fo a first valve control force applied to a regulator plate 550. The
30 regulator plate 550 is suspended wrthln the regulator chamber 534



“assenbly 530 conprises a valve spring 540, a val ve nenber 542, and @ UL 2005
val ve seat surface 544.. The val ve spring 540 bi ases the valve nmenb H 54@
.towards the val ve seat surface 544 such that the first valve assenbly 530
25 is nornmally closed. The exenplary second val ve assenbly 532 conprises a
val ve nenber 546 and a val ve seat surface 548. The second val ve assenbly
532 is closed when the val ve nenber 546 engages the val ve seat surface
548. The first valve assenbly 530° opegk substantlally: linearly in

- response to a first valve control forc&<“applied to a. regulator plate 550.,
The 30 regulator plate 550 is suspended within the regul ator chanmber 534
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I nlet port 56 i t hrou he syst ong main flow
path to ame(ﬁcnoetofﬁdnavalee amng‘ 5400ws. A smal | anmount of fluid flows al ong

b th t t | 530 b first
cont ol For ce Edid i e Infd i o SO AN AR The bypass
path kts fﬂl’bhg‘?lrthﬁsﬁfktéﬁl 529%{59& aSﬁla?ﬁthwbaﬁl ﬁﬁéﬁ{é&ltl@t?%ﬁt §6§E‘as val ve

.assenbl i es 10 are"controlled to marn antrtally a
subst ant i fallowvs.oAssmatl arhatdt bf fuid flaws altbmg)@NpalrEs pathwtacoantrol thee 520.
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changes. pregiurbicfuhariuid Hflevﬁhgrmbﬁglthémba%g?élhfls't&ﬂﬁér gesgtbses a

control 1s system570. The control systémb5 rises prezo-el ectric
act uat or CeRtro| s&@n@yalmaasembly 5B%|Tnmwal\ﬁe7asqemolle9)530r and 532

Pha: Moy citd pBn@olod g maiige Susaanaahy 8 oA B bR Rk huid by e
appl i ed traterthrousghsfife flofv cdmtrammor Untor propes ieahditiors, Itﬁelﬂmtltﬂdw
operat| Velaltectgpo]ueg t ﬁ’? l‘low controller 520 is substantially mdependent of .
upstream or downstream pressure changes.
In particular, the exemplary system 520 further compnses a control
15  system 570. The control system 570 comprlses a piezo-electric actuator
572 (FIG. 8) and a control circuit 574 (FlG 9). The piezo-electric actuator
572 is conventional and comprises a shaft 575 that moves along a shaft
axis according to an ACTUATOR CONTROL signal apphed to lnputs 576'
of the actuator 572, The shaft 575 is in turn operatively connected to the
20  valve member 546 such that movement of the shaft 575 moves the valve
member 546. The exemplary actuator 572 is bolted toa collar member
578 that forms a part of the housing assembly 522 and is held in place by
the second upper member 526.
As shown in FIG. 9, the control circuit 574 generates the
25 ACTUATOR CONTROL signal based on a SETPOINT signal and one or
more pressure signals PRESSURET and PRESSURE2. The control
circuit 574 also generates a SCALED OUTPUT signal that, when the

system 520 is calibrated, corresponds to the flow rate of fluid through the
system 520.

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



" 20 val ve nmenber 546 such that movenent of the shaft 575 noves the val ve
menber 546. The exenplary actuator 572 is bolted to a collar nenber 578
.that forns a part-of the housing assenbly 522* and Is held in pl &gy b}/ t he
second upper nenber 526. As shown in FIG 9, the control circuit 575 005
generates the 25 ACTUATOR CONTROL signal based on a SETPO NT signal and. one
or nore pressure signals PRESSUREI and PRESSURE2. The control <circuit 574
al so generates a SCALED QUTPUT signal that, when the system520 is

calibrated, corresponds to the flow ragﬁ_ of fluid through the system 520.
e

30 In the exenplary flow controller sy§fem 520, the actuator 572 and 8 JUL

2005 -23 control circuit 574 form an el ectronechani cal feedback systemthat

repl aces Qafitel dr\%ﬁg&fﬁgg}gﬁgh Cﬁﬁgﬁ&@g&néﬁﬁgg?@%&@%ﬁﬁ&ggﬁ thge f1ow .

control l er systens SCri above. t1cular, the
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system 520, the o Signal's are-preferably sanpl ed
at any oneouksponditbdhedgiressurss upstréareand dowiStasemssfrprestrictionat i ons may
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In the exemplary system 520, the PRESSURE1 and PRESSUREZ

10  signals are preferably_ sampled at any'one ofa numb_e_r'of sarh_p_ling .
lo_cations. These sampling locations may be spacéd élong th'e; b_ypass
path, at the outnut port, or the like ai'e possible. _'Thg sen_sbrs_. é_hbuld be
isolated from the main and bypass flow paths When_ the fluid is sensitive to
contamination. - B | -

15 The control circuit 574 may coniprise a microprocessor operating
under control of a software program. In this case, appropriate digit_al-_to-
analog and analog-to-digital converters are used to t_ranélate between
analog signals employed by components peripheral to the microprocessor
and digital signals and commands that are processed within the

200 microprocessor. The software program will be customized for a particular
application, but will in general implement algorithms and logic necessary fo
generate the ACTUATOR CONTROL signal as described below.

- Alternatively, the control circuit 574 may be a dedicated analog or
hybrid digital/analog circuit that directly implements the a!gbrithm-s and

25 logic necessary to generate the ACTUATOR CONTROL signal. The
decision of whether to use a software controlled micropro'cessor, ora
dedicated analog or hybrid circuit will depend upon such factors as the
size, cost, and performance characteristics of the system 520.

In the exemplary system 520, the ACTUATOR C_ONTROL signal is
230 an analog voltage that controls the piezo-electric actuator.to move the



“anal og and anal og-to-digital converters are used to translate between:

anal og signals enpl oyed by conponents peripheral.to the m croprocessngUL ?
.digital signals and commands that are processed within the. 20 005
m croprocessor. The software programw || be custom zed for a particul ar
application, but will in general inplenent algarithnms and | ogi c necessary
to generate the ACTUATOR CONTRCOL signal as described below. Alternatively,
the control circuit 574 may be a dedi cated anal og or hybrid digital/anal og
circuit that directly inplenments the algorithns and 25 | ogi c necessary to
generate the ACTUATOR CONTROL si gnal “29he decision of whether to use a
software controlled m croprocessor, or a dedicated analog or hybrid

char act cYANBITBEMRGN %3%%%%%& é%w%‘ismé@ify@rﬁwgﬁ‘mmdl p%r:]‘”””‘”ce
pi ezo- of BECA . 0ea 1InPE e BEIFIOUT S22, V2l ve monber 546 as

necessary, to|mgbRain birbListahtesy thermeshahlital $petiback s38tansr at e
determ ned by t-he SETPO NT signal. |n certain circunstances, the mechani cal
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desc and open-

val %@m@% ﬁ&l%}%%&@%ﬁ@@h%ﬁ?%ﬁ%& %ﬁ#ﬁ%@%ﬁﬁﬁ@d t he control
system %xméxﬁ benslapviiuid fiowe! Irecon@styithé oomroitsglstém 520 oftesflowbl y 532
such that the valve- assenbly 532 is cl osedyﬂg))étly o) |1y open as

necessar§ontpllardhdf wllhoe@ﬁ%teame yalyepssesop! seichi 9t e VHL’Q/aI ve
S Se Yo ubll, B8 W AR el R L TR SB 44 PpcteBeRl 00 P S o
encount efmeghteiri Bonserh AGIE Aow, E'E'Hbeaﬂ{llty}cﬁtth@BVaWG asvnmblyb3dtorbet s, a
Contlé nuorlljglldylnoés gélrt}yaéflngr% pvo%sllt\{gn %gé%eamw the control system 570 to exist i ina
steady state without the oscﬂlatlons that may be encountered with
mechanical feedback systems
In many environments, a continuously 'osc_:illating'valve assembly is
acceptable; in other einvironments, allowing the valve assembly to reach a
15 steady state is preferred, and the system 520 may be the mplementatlon
of choice.
In some situations, the algorithm mp!emented by the control circuit
574 may operate independent of fluid temperature. in other situations, the
fluid temperature may be monitored to improve the constancy of fluld flow
20 through the system 520. In particular, the exemplary control circuit 574
Qenerates the ACTUATOR CONTROL signal further based on a TEMP
signal corresponding to the temperature of fluid flowing through system
520. The TEMP signal allows the control circuit algorithm to factor in the
state of the fluid flowing through the system 520. The state of the fluid
25 flowing through the system affects the mass flow and viscosity of the fluid.
Knowledge of the state of the fluid may be important for calibration in

some situations.



" acceptable; in other environnents, allow ng the valve assenbly to reach-a
15 steady state is preferred, and the system 520 may be the inpl erept afi %05
.of choice. In sonme situations, the algorithminplenented by the control
circuit 574.may operate independent- of fluid tenperature. |In other
situations, the fluid tenperature may be nonitored to inprove the
constancy of fluid flow 20 through the system 520. In particular, the
exenplary control circuit 574 generates the ACTUATOR CONTROL si gnal
further based on a TEMP signal' correspod8rng to the tenperature of fluid
flowi ng through system 520. The TEMP signal allows the control circuit
algorithmto factop, jn_the state of the fluid flow ng through the system
520. The stat¥ of {:Pﬁb EF&W'@@”?I owi ng through the systemaffects the mass
flow and viscosity of the fluid. Know edge of the state of the fluid may
be i mportant for calibration in "some situations. 8 -JUL 2005, -25 V. Fifth
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having a centralized er. e exenp w-cont:f er system . 620

conprises a famithg flosseomrollérdy/stenp220i ng a first upper menber '624,. a
second 10 The flow controller System 6720 is designed to be é19ctrica.lly‘ |
‘controlled so that the system 620 may be operated remotely and/oras part
of a larger system having a centralized controller,. .
The exemplary flow controller system 620 compriées'a
~housing assembly 622 comprising a first upper member 624, a second * -
15 upper member 626, a base or intermediate member 628, énd‘ﬁﬁ;t and
' second valve éssemb.lies 630 and 632. The first and seconc_i upper - |
members 624 and 626 are threaded onto the base member 628 to form °
the housing assembly 622. e
The first and second valve assemblies 630.and 632 are arranged
20  below first and second regulator chambers 634 and 636, resbecti\'rely,'
defined by the housing assembly 622. The exemplary first valve aésémbiy 630
90mpfises a val\.}e spring 640, a valve member 642, and a valve seat
. surface 644. The valve spring 640 biases the valve membéer 642 towards
the valve seat surface 644 such that the first valve assembly 630 is normally
25 closed. The exemplary second valve assembly 632 comprises a valve member
646 and a valve seat SQﬁace 648. The second valve assembly 632 is closed

when the valve member 646 engages the valve seat surface 648.
The first valve assemhly 630 opens substantially linearly in
response {o a first valve control force applied tc; ; regulator plate 650. The
30 regulator plata 650 is suspended within the regulator chamber 634 |



" is upper nenber 626, a base or internediate nmenber 628, and fi rst. gn

second val ve assenblies 630 'and 632. The first and second upper eﬂ@s
. 624 and 626 are threaded onto the base nenber 628 to form 20 25 the housing
assenbly 622. . The first and second val ve assenblies 630. and 632 are

arranged below first and second regul ator chanbers 634 and 636,
respectively, defined by the housing assenbly 622. The exenplary first

val ve assenbly 630 conprises a valve spring 640, a valve nenber 642, and a
- valve seat surface 644. The val ve spri 640 bi ases the val ve nmenber 642
towards the valve seat surface 644 such that the first valve assenbly 630
Is normally closed. The exenplary second val ve assenbly 632 conprises a

val ve nenber, 64 ' : 'Hg% C wiat -
assenbl y?té%é“d%e’? F@%&aﬂr&%ﬁu}fﬁeﬁﬁ @2‘% ngniﬁg?@g%g rle ga%%’s q?%e@al _veors eat -
surface 648prindBE21Hissds thalfiret asse absombiyEathiatestheutrarpesition ggainshear |y I n

I.f response to a first valve control force applied to a regulator plate _
65.0. The theofaregufdhevavesprisg®4® suspended within the regul ator chamber

The. rogul ator . dibists e nEodlElnt? Ay g RAP BB REIShTe 12 ope
posi ti on agabiah thBSysBérne520 aldify ¥ahkin fiow patri0an botlet port 86218 is

i nt rodlced”| -port 660" and then-flows 5 through the system 620
al ong a nejolioivsWArsall mmeounbof fleid faws abeng asbynass pekh torcenel Neount  of

L, 1 ove 2| % 8o BLBRT B0y hErBRD St BpnubL he ity T, 7, 030, b
along the BypasieRftheTild OWiRG alofg & byiss path may further beusedto
| o céntrol the second valve assembly 632. The valve assemblies 630 and
10 632 are controlled to maintain subétahtially a substantially k;onstant ﬂuid' .
: flow rate through the flow '.controll_er' 620. Under proper conditions, the fluid |
flow rate through the flow conti'oller_ 620 Is substantially independent of
. upstream or downstream pressure changes.
In particular, the exemplary system 620 further comprises a control
: 15 | sy'stem'670. The control system 670 comprises a solenoid actuator 672
| (FlG. 10) and a control circuit 674 (FIG. 11). The solenoid actuator 672 is
conventional and comprises a winding 676 and a solenoid member 678
that moves along a solenoid axis according to an ACTUATOR CONTROL
| sigjnal applied to inbuts of the actuator 672. The solenoid member
20 678 is supported within the second regulator chamber 636 by a solenoid
' sprih'g 682. The solenoid member 678 is in turn operatiyely c_onnected to -
the vaive member 646 such that movement of the splen’oid member 678
moves the valve member 646.
As shown in FIG. 11, the control circuit 674 generates the
| 25 ACTUATOR CONTROL signal based on a SETPOINT signal and one or
mare pressure signals PRESSURE1 and PRESSURE2. The control
ciréuit 674 also generates a SCALED OUTPUT signal that, when_ the
system 620 is calibrated, corresponds to the flow rate of -ﬂuid through the

system 620. | | o
30 In the exemplary system 620, the PRESSURE1 and PRESSURE2



“control the second val ve assenbly 632. The val ve assenblies 630 ans ﬂﬁd%mg
are controlled to maintain substantially a substantially constant
.flow rate through the flow controller 620. Under proper conditions, the
fluid flowrate through the flow controller 620 |s sybstantially
i ndependent of upstream or downstream pressure changes. In particular, the
exenpl ary system 620 further conprises a control 15 system 670. The
control system 670 conprises a solenoid actuator 672 (FIG 10) and a
control circuit 674 (FIG- - 11). The solenoid actuator 672 is conventional
and conprises a winding 676 and a solen% menber 678 that noves along a
"sol enoid axis according to an ACTUATOR ROL. signal applied to inputs
of the actuator .672. The solen0|d menber 20 678 is supported wi thin the

e lﬁg?lrg?*‘r"’%szr?m e slhded 3t S5fdling BloelBrscsioes 1Baboasn «ha
movenent opathhto pmmmmnmsmﬂum?ﬁowwm%drhwmtégw,@%% shown .

in FIG 11, the control circuit 674 generat es
si gnal basBEPSSNIa senssus thatggneratettiesignals PRESSPRESENE Si gnal s
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t he PRESSUREI &ﬁ PRESSURE -2/7 signal's are:
sanpling | ocati 9’%96%"@'&5}’ ﬂ9Wa@$§ltrqll£trtsysd)em62@ﬂmd@@tuﬁwmfi ahd 1 ow

G gﬁafgmp%s'{s{l e A A “"“q Skiidens, such as
e e Wi
To10 . In particular, the pressure sighals PRESSUREl and PRESSUREZ
correspond {o the pressures upstream and downstream of a restrlctron -
member 690 employed by the system 620, “The' dlfferentlal pressure |
across the-restriction member 690 is used to control'the valve assemblres
_‘ 630 and 632, These pressures may be measured at sampllng locatlons
15  spaced along the bypass path, at the output port, or the like. The sensors
should be isolated from the main and bypass flow paths when the ﬂurd Is
sensitive to contammatlon ' ' |
The control circuit 674 may comprlse a microprocessoroperating
under control of a software program or a. dedlcated analog or hybrid
20 dlgltal/analog circuit. The software program or hybrid circuit rmplements '

elgonthms and loglc necessary to generate the ACTUATOR CONTROL
sxgnal

In the exemplary system 620, the ACTUATOR CONTROL S|gnal is
| an analog current that passes through the wandlngs 676 and indices
25 movement of the solenoid member 678 and thus the valve member 646 as
necessary to maintain fluid flow through the system 620 at rate determmed
by the SETPOINT signal. :
Like the control system 570 of the flow controller system 520
described above the control system 670 of the flow controller 620 will-

30 operate the second valve assembly 632 in closed, partly open, or fuIIy open



“In the exenplary flow controller system 620, .the actuator 672 and. gqphrﬁﬁe
circuit 674 forman el ectronmechani cal feedback systemthat replace & e

. of the nechani cal feedback systens enployed by the flow controller systens
20, 220, and 420 described above. 10 In particular,. the pressure' signals
PRESSURElI and PRESSURE2 correspond to the pressures upstream and
downstream of 'a restriction nenber 690 enpl oyed by the system 620. The-
"differential pressure across the restriction nenber 690 is used to
control the valve assenblies 630 and 632. These pressures may be neasured.
at sanpling locations is spaced along'?ﬁe bypass path, at the output port,
or the Iike. The sensors should be isolated fromthe main and bypass fl ow

674 ey consiTs 4 RetBspATL R s Ttely cPaRERE LR HEW. o The MY SLngOt ¢ e
program oww@s&aab%gaz%% Reld A bertkPo éaiﬁcﬁiliii@ﬁ% fweNet . The

sof t ware program or rid circuit .inpléenments algorithns and | ogic
necessar y coplrgbaystane 67 AdoraxisingR te svithaut the. oscilationsdhadl ar y

Through  RavPR USSR RasBal kol VR e {buflinhi renber 678
and t Bus ehQirsaMentsEARATInk thervalvBenseniily tbfeBBhY 8tdkdy sialefis ow t hrough

the system620. at rate deternined'.b{lthe_SETPCINW signal . Like the
control spseferiesy @ngrthersysteawb2dmaypibedhedpplemeattationefghaied. above, the

control system . Nels) Iy AAN o) he .second
valve'assenblyI@%%”%%S@pggéhgrggﬁ?k@ﬁﬁhﬁﬂpﬁggnﬁ%h%glgggﬁyséﬁéﬁL&g§USS -28
posi ti ons674 ey e indeprindetitoffoidiempefaturs. Mvfluithenmperdtise of the
val ve assenbly 632 to be held in a partl¥ open position can allow the
is manitored in the exemplary system 620 to improve the constancy of fiuid
10  flow. In particular, the exemplary control circuit 674 generates the
ACTUATOR CONTROL signal further based on a TEMP signal
corresponding to the temperature of fluid flowing through system 620. The
TEMP signal thus allows the control circuit algorithm to factor in the state
of the fluid flowing through the system 620.
15 | _ _ :
VI. . Sixth. Embodiment

Referring now to FIG. 12, depicted at 720 therein is yet another
exemplary flow controller system constructed in accordance with, and
20  embodying, the principles of the present invention. Thé flow controller
system 720 of the sixth embodiment is similar to the flow controller system
220 described above. In the interests of brevity and clarity, the flow
controller system 720 will be described primarily fq the extent that it differs
from the flow controller system 220, : |
5 The flow controller system 720 is designed to be electrically -
controlled so that the system 720 may be operated remotely and/or as part
of a larger system having a centralized controller.
The exemplary flow controller system 720 comprises a
housing assembly 722 comprising a first upper member 724, a second
30 upper member 726, a base or intermediate member 728, and first and



" control system 670 to exist in a steady state without the. oscillations
that nmay be encountered w th nechanical feedback systems. In cerTd dUks 2005
. environments, allow ng the valve assenbly to reach a steady state is
preferred, and the system 620 may ‘be the i npl ementati on of choice. In sone
situations, the algorithminplenmented by the control circuit.- 674 may
operate independent of fluid tenperature. The fluid tenperature is
monitored in the exenplary system'620 to i nprove the constancy of fluid 10
flow In particular, the exenplary cont-R®4 circuit 674 generates the
ACTUATOR CONTROL signal further based on a : TEMP signal corresponding, to
the tenperature of fluid flow(é%through systen1620 The TEMP signal thus
h

al | ows t he S@6ADEMaING agsembipgdiad andi 72, a&’herfrshahtlesatcawug@brt he fluid
ferring now
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control | er {{4&/Bbask 2 n‘accordance wi th, and 20 enbodyi ng, the
principles of .the | resent nvent ion. The flow controller . systtem 720 of the
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rroMl er system.
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10 closed when the valve members 740 and 744 engage the. valve seat
surfaces 742 and 746, respectwely o e .
In use, fluid is lntroduced into an inlet port 760 and then flows ..
- through the system 720 along a main flow path.to an outlet port 762 as
| follows. A small amount of ﬂurd flows along a bypass. path The: pressure
15 - ofthe fluid ﬂowmg along the bypass path is used to control the first and.
second valve assemblies 730 and 732 to maintain substantially a
substantially constant fuid flow rate through the flow: controller 720. Under
proper conditions, the fluid flow rate. through the flow. controller 720 i is
substantially lndependent of upstream or downstream pressure changes.
20 . In particular, the exemplary system 720 further comprises a control’
system 770. The control system 770 comprises first and second solenoid
actuators 772 and 774 (FIG. 12) and a control circuit 776 (FIG. 13). The
~solenoid actuators 772.and 774 are conventional and each compnse a
o wmdmg 776aand a solenord member 778 that moves along axes’ defned
- 25 by the actuators 772 and 774. AFIRST ACTUATOR CONTROL s:gnal
~ and a SECOND ACTUATOR CONTROL signal are applied to inputs
of the actuators 772 and 774 to control movement of the solenoid
members 778. The solenoid members 778 are supported within the first
and second regulator chambers 734 and 736 by solenaid springs 782
-30 The solenoid members 778 are in turn operatrvely connected to and move



" second val ve-assenblies 730 and 732. The first and second upper n®e

724 and 726 are threaded onto the base member 728 o form the hou HQL ZM5

, assenbly 722. The first and second val ve assenblies 73:0 and 732 are
arranged 5 below first and second regul ator chanbers.734 and 736;
respectively, defined by the housing assenbly 722. The exenplary first

val ve assenbly 730 conprises a valve nenber 740 and a val ve- seat surface
742. The exenplary second val ve ‘assenbly 732 sinmilarly conprises a val ve
menber 744 and a val ve seat surface 74Q. The first and second val ve
assenblies 730 and 732 are 10 closed whén the val ve nenbers 740 and 744
engage the val ve seat surfaces 742 and 746, respectively. In. use, fluidis.

i nt roduc . through the system

720 al ongﬁ.'e P‘f?gaﬂ‘& ?%%@Yﬁ&re Wégﬁb%ﬂ‘{?g@%?ha?& as. .follows. A small .

amount of . f 1 ui hdf §RIFNTh FIG. 43, lmewmtrmmlfcwt?‘nega@re@awmels of the fluid

flowing, along the bypass path is .Uused to centrol ‘the-first and. second
CaNTRG

val ve assARIIUATOR b signalsi based oo SERPOINTysIgnakapd Qi Pal | v

conai 11 oriofe propRite, SoRaly PRESSHIEY At RS RURRR, e pdhll, . 7!

substant igitduit 7ngess generafesup SCARBED OWUTAUT sRal Mhal uien dranges. .20
In particular, the exeggéary .system 720 further conprises con rol system

770. The-Syiervr204y salibrated eewsﬁpeaesﬂprfeewrete;eﬁﬂuigfoh the
act uator%g@g pen 774 (FIG -12) and a control ci: rcuit, 776 (FI G 13) ‘The
sol enoi d tua ors' 772 and 774 are conventional and each. conpri se a

\l/o\nndlhng 776a hntheexemplaiyisystete 7207 the P«REME&IM@P&ESMEQM 25
the actuators 772 an A FI RST ACTUATOR and a SECO\ID
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are suppor
bypass flow paths when the ﬂund is sensmve to contamlnatlon. Again,

other samplmg locations, such as dlrectly at the output port are posmble
with ﬂulds less sensitive to contamination. ' . '
Inthe exemplary flow controlier system 720, the actuators 772 and ‘
15 . 774 .and control circuit'-7.7_6 form electromechanical feedback systems that
replace the mechan'ical feedback syetems employed by the flow controller
.systems 20, 220 and 420 described above. '
lnpaanmumepmmmﬂesgnmsPRESSURE1andPRESSUREz
correspond to the pressures upstream and downstream of a restriction
20 member 790 employed by the system 720. The difference between the
PRESSURE1 and PRESSURE?2 signals represents the differential
pressiire across the restriction member 790 and is used to control the
“valve assemblies 730 and 732. | o ' |
~ The contro] circuit 776 may comprise a microprocessor operating
25 under control of a software program or a dedicated analog or hybrid
' digital/analog circuit. The software program or hybrid circuit implement
: algon’chms and logic necessary to generate the ACTUATOR CONTROL
signals as described below. , '
.In the exemplary system 720, the ACTUATOR CONTROL signals
30 are analog currents that pass through the windings 776a and induce



" and. second regul ator chanbers 734 and 736 by sol enoid springs 782. 30 The
sol enoi d members 778 are in turn operatively connected to and noveS8-3g 2096
first and second val ve nmenbers 740 and 744. As shown in FIG 13, the
control circuit 776 generates the ACTUATOR CONTRCL signal s based on a
SETPA NT, si gnai and one or nore pressure signals PRESSUREL and PRESSURE2.
The control . s circuit 776 al so generates a SCALED OQUTPUT signal that,
when the system 720 is calibrated;' corresponds to the flowrate of fluid
t hrough the system 720. In the exenpl&ly system 720, the PRESSUREl. and
PRESSURE2 signals are generated by pressure sensors arranged at '
appropriate io sanpling locations. The sensors should be isolated fromthe

mai n and mwopesentiafithe sciencidememizens| 1d8land thusdheivalve membess VA8t i on.
Agai n, other. | ing | ocation ch .as, directl t the o t_port,
a?e:oossi blaé"dr \?\Aa?[?sf I"ﬁ&%%sﬁ"afs'@ 'E@{Egﬁ @'%fqpvkéﬁ’f%ﬂ\ihgﬁ Shs.femusgﬁ@%enm ary
fllow cont ngtd getérraihe ttthe S}H%’N‘ft §al’/72 and is 774 and contr ol

ee

circuit-7.76 form el ectronechani ca back systens that replace the
mechani cal f eedbikekiheycantnsl systemgdal7®bandG70 bbthe dow contrelfer sysiemss 20,

220,, and d | hed abovye., I n particular, the ressure signals
PRESSUREI ﬁ‘?‘”aﬁé@ﬁﬁ@%ﬁ ALOYEo 2 PB”&R@SW%& i 7@@%@#@%@?@ ¥dAwe
downstr ea h G - \ , : . £20. The
differ enceIa s%%%léﬁﬁ?ﬁ%@%@%%&&lz and @&%ﬁ@ﬁgﬁ%@%‘%ﬁg% é gt he
di f f er ent irEcesgaey o nmiataip constentfuddfiosy.i Tihenasbitibr o/ waldei s used to
control the valyve enb] | 730 and .732. The control_circuit, 776 may
conpri se ASHEEH pﬁ%@@é@&d Jégérta%%@eﬁzlﬁ 3, RaByy PBRDIRASItEN 5390?'{‘5\)0&?’19 program
or a dedi _ il i i G ey : re
O oar am kB grg)rl?s B 770 &Y anSDqsg in & stbhay stare Wih6UL i Bsclﬁgﬁoﬁé’iﬁé@
10  may be encountered with mechanical feedback systems. Allowing both
' valve assemblies to reach a steady state may be preferred, in‘which case
the system 720 may be the implementation of choice. |
In the exemplary system 720, the exemplary controt circuit 776
generates the ACTUATOR CONTROL signals further based on a TEMP
15 signal corresponding to the temperature of fluid flowing through system
720. The use of the TEMP signal Is, however, not essential to any
implementation of the present invention. I

VHl. ~ Additional Considerations

20 _

In the foregoing embodiments, certain of the components have
been described as they are used in the examples given. The pfoperties of
many of these components can be changed depending upon the

| circumstances to “tune” the flow controllers for a particular use. -

25 For example, the various springs used, interior chambers defined
by the valve stems, and inlet and outlet openings in the valve stems must
be selected based on the type of fluid, expected inlet pressures, and
desired flow rates. y

In addition, the materials used for the various components must be

30 selected based on the pressures and types of fluids expected. For



“algorithns and | ogi c necessary to generate the ACTUATOR CONTROL signals as
described below. . In the exenplary system 720, the ACTUATOR CONTRCE JUL 2005
signals 30 are analog currents that pass through the w ndings 776a and

i nduce -31 novenent of the solenoid nmenbers 778 and thus the val ve nenbers
740 and 744 as necessary to maintain fluid flow through the system 720 at
a rate determ ned by the SETPO NT signal. Like the control systens 570 and
670 of the flow controller systems 5 520 and 620 descri bed above, the
control system 770 operates the val ve-3Zassenblies 730 and 732 in cl osed,
partly open, or fully open positions as necessary to maintain constant
fluid flow The ability of the valve assenblies 730 and 732 to be held in a
partly op@ﬁﬂrﬁﬂsﬁ-tfpbﬁlfo%trtom PERSURRS, Rlastiec snay petused far manyxafstheu n a steady .

state wit S a e encou nmechani cal
f eedback @ﬂbgh@ﬁt&p F %“ﬁtjgﬁ@?‘H @% g eﬂ%qségeﬁoé}regg ﬁsg Feégdy state
may be prﬁégm—ﬁﬂ, bé lisei ch case the system 720 may be.the inplenmentation
of choice. In the exenplary system 720, the exenplary control-circuit 776

generates the mmms UsiNgRane sxrgmrreselfemtndmecthamedl feedbatk\dystemssi gnal

oe o ¢ ABe Han el TP OBEn A 4R crntl st hatboRAg A JEEHRIRL ot fon of
the preS%&n;béW&ﬁ'ﬁs‘&“soﬁ@rbre Mmlérsawcr@etéa(tsrg 1983 s8Pofn the foregoing

enbodi ments, certain of e ‘conponents hav cribed as they are
used in medeteanﬁned p@rameterrste properties of many of these conponents can

Por “a parti cullirtisdBtel8aR b Braity, P ARRR: Mo agimnasl bl (et tor o
chamber s gx@hilafy flow. controller:systems that may be, co_nstructed..m-..accordence "
10 with the principles of the present invention. One' of ordinary skill in the art
- will, however, recognize that certain features: of these systems may-be .

arranged in combinations that yteid still more implementations of flow
.. controllers constructed in accordance wnth the pnncrples of the present
' mventton ' . N
15 In particular, the ﬂrst and second exemplary ﬂow controlier systems
20 and 220 may be characterized as camster and plate conﬂguratrons,
respectlvely, because of overall appearance of the housrng assemblies
thereof: the housing assembly 22 comprises a generally cylindrical base or
| intermediate member 28, while the housing.assembly 222. compnses a
20  generally planar base or intermediate member 228.
~ The third through sixth embodiments 420, 920, 620 and 720,
disclose the use of one or more electromechanical feedback systems in
the context of a plate configuration. However, such electromechanical
| feedback systems may be used in the context of a oa'ntster configuration,
25 aswell. Inaddition, the electromechanical feedback systems may be used
in combination with each other and/or other types of feedback systems as
desirable for a given environment.
A desugner may design a particular 1mplementatton by initially
determrmng the operating environment in which the flow.controller system
30 Istobe used. The operating environment will include the properties fluid



" by the valve stens, and inlet and outlet openings in the valve stens nust
be selected based on the type of fluid, expected inlet pressures,‘dh@UL 2005
desired flowrates. In addition, the materials used for the various 005
conponents nust be 30 selected based on the pressures and types of fluids
expected. For -32 exanple, for air.at |ow pressures, plastic nmaybe used for
many of the conponents. For caustic fluids and higher pressures, steel or
stainless steel may be used.. In systghs using one or nore
el ect romechani cal feedback systens, he al gorithminpl enmented by the
control circuit, whether using discrete conponents or software, will also

b ' f ) - .
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i nvens i onwill initfallyd&6ite sritid babitephydical siRfctars ef the fewpeaitrollérow
controller systens 20 and 220 nay be characterized as cani ster and plate

conf i gur d19usisg by selesting\Vieom amengus plurklitnef basicaprctumnmtypesosucine

- housi ng - | t her.eof,., the housing assenbly 22 conprises a-

general | f%é?ﬁﬂ%ﬁ&jﬁt&oﬁéﬁgrﬂk% nternedi ate menber 28, while. the .housing.
assenbly 222: W@dééiﬁﬁeﬁwﬂ@a%‘gé@czt the hidtafiaPfiofn Yhititiss FRdisaig menber
228. The third through sixth enbodi ments 420, 520, .620, -and 720, ~ di scl ose
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of a,pl at & AN HViIHmERIE ihe MHE s 8 EHHOSTBIM SFgas, the
housing assembly may be made of stainless steel or other material that
resists corrosion. The selected material may be plastic if the commercial
environment dictates that the flow controller system is to be disposable.
The designer will then decide on the type of feedback regulator
15 system that may be used in the input and output regulators. Generally, the.
designer may elect to use a mechanical or eiectrical feedback system for
either or both regulators. If an electrical feedback system is used, the
designer may elect fo use a rotational device such as a stepper motor or a
translating device such as a piezo-electric actuator or a solenoid actuator.
20 _ When the operating and commercial environments and physical
structure of the flow controller system are determined, the algorithm
necessary to implement the physical structure in the particular
environment is determined. In a mechanical feedback sy;stem. this step
will include selecting the type and arrangement of springs and other
25 control devices employed. In an electrical feedback system, this step will
include the design of an appropriate feedback loop to obtain the.desired
operational characteristics.
Accordingly, the invention may be embodied in forms other than
those described herein without departing from the spirit or essential
30  characteristics of the invention. The present embodiments are therefére to



" feedback systens nmay be used in the context of a canister configuration, 25
as well. In addition, the el ectronmechani cal feedback systens may bﬁ’#@fd

. in combination, with each other and/or other types of feedback syste o405

desirabl e for a given environnent. A designer may design a particul ar

inpl ementation by initially determning the operating environnment in which

the fiow controller system 30 is to be used. The operating environnent

will include the properties fluid - 8,JUL 2005 -33 itself, the expected

range of fluid Input and out put pres§% es, the anbient conditions, the

tol erance for error, and the |ike. The designer may al so consider:
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st ruct ur thedinviehtiohl Iseingdntdicdtbd by theusppended sthinss rathel than bydhg a

plurality of basic structure types such as canister, plate, or the Iike.
The desi é}f@gomg deacdptier; aad alllrhanges which comewmiitin {he MeRRINIANdssenbl y
and ot he ratd ' ci al
envi ronnERiEe B BaRh2IGRGy 7 o SRAGE &8 HerpRAT! Btefied 1 ng SmpRaER -
assegbl ythagihe nmade of stainless steel or other material that resists
corrosion. The selected material may be plastic if the commerci al
environnment dictates that the flow controller systemis to be di sposable.
The designer will then decide on the type of feedback. regulator is system
that may be used in the input and output regulators. Cenerally, the.

desi gner may elect to use a nmechanical or electrical feedback systemfor
either or both regulators. If an electrical feedback systemis used, the
designer may elect to use a rotational device such as a stepper notor or a
transl ati ng device such as a piezo-electric actuator or a solenoid
actuator. 20 Wien the operating and comercial environnents and physi cal



" structure of the flow controller systemare determ ned, the al gq.rbtym
necessary to inplenent the physical structure in the particul ar UL 2005

. environment is determned. In a nechanical feedback system this step wll
i nclude selecting the type and arrangenent of springs and ot her 25 control
devi ces enployed. In an electrical feedl:ggsc_k system this step will include
the design of an appropriate feedback | oOp to obtain the. desired
operational characteristics. Accordingly, the invention may be enbodied in
forms other “@fn those described herein without departing fromthe spirit
or essential 30 characteristics of the invention. The present enbodi nents
are therefore to 8 JUL 2005 -34 be considered in all respects as

i1l ustrative. and flow comtsdlier compeisinghe scope of the invention being

i ndi cated by the appended clains rather than by the foregoing description;
and al | changes2APUENIAssEMRAY PeTininchan inketmorly 28 Aytlel rarh angre main flaw ency  of
t he cl ai M erein. - 8 JUL 2005
-35 cl aigr;B ?5% %}F\%\F}\Iﬁ@ n rt%%g?ﬂ%%&%ﬁé}?ﬁgméé gﬂgf%%&]’assenbl y defining an
inlet port, an adirdtetalvecadsenindamangadtofdliow orprevdrt flakt fiowlbloig bes weeh t he
inlet port and the outlet port; a first valve assenbly arranged to allow or
prevent fl uflewmatly al ong the main flow path; a second val ve assenbly

dt i Lo first. . d
o al Pow or pr evettotdepeaPrplfirdy s Fep i naf TR e g "o
restrictionagseriely amdrarrere@dito alle ofpraveht B fluid flow elomethet airsfew péth; val ve

assenbly and the out]let port; ) .
10 a restriction member arranged in the main flow path between the second

valve assembly and the outlet port;

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

a second regulator assembly arranged to operate the second vaive

15 assembly based on the differential pressure across the restriction member.

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

20 pressure within the bypass path.

3. Aflow controller as recited in claim 1, in which the first
regulator assembly comprises a first valve assembly and a first feedback
system arranged to open and close the first valve assembly to maintain

25 constant fluid flow out of the outlet port.

4.  Aflow controller as recited in claim 1, in which the second

regulator assembly comprises a second valve assembly and a second

feedback system arranged to open and close the second valve assembly
30



" afirst regulator assenbly arranged to operate the first valve assenbly
based on a differential pressure across the restriction nenber; ard8auL 2005

. second regul ator assenbly arranged to operate the second valve 15 assenbly

based on the differential pressure across the restriction nenber. 2. A flow
controller as recited in claim1, in whigh the housing assenbly further
defines a bypass path, where the differential pressure across the

restriction, nmenber. i s detegct. at_ least i art based on a 20 pressure
within the MQ@a'BﬁﬂstagfﬁﬁgﬂPWﬁ%Sﬂﬁeoqqmgfp% "recited inclaiml, in
which the first regulator assenbly conprises a first valve assenbly and a
first feedback systemarranged to open and close the first val ve assenbly
t o mai nt ai n5. 25Adlowsiontrollerlagirecitet awclaim 3,df which theiseéandport. 4. A fl ow

controller as recited ipn, claim1, in which the second reqgul ator assenbl
conpri ses aressgé‘ﬂ%tﬁlﬁl%é‘i"bglya%%rlﬁm %ﬁacaﬁéée'dﬁ@%?@@&baeﬂag%%@% arf:mgedyto

open and: cl ey hb%? 5 Nt ain
constan?sflflﬁ%gjbfralegv??out ggr\éﬁgggéﬁ'?Pgﬁ@Sgr?&% A tlow caév:tfﬁ?%%@?’yas recited
i n clai m 3, ta maintaio lconstantiad fldwraad of teasutiet pentbl y conpri ses a second val ve
assenbly and a second 5 feedback system arranged to open and cl ose the
second val ve assenbly to maintain constant fluid flow out of the outl et

port. 5. A bl OWATRA EcittcRer 48 rdchel iPElal? sCAltip the fistohi ch the 1 st

f eedback system conprises a nechanical feedback systemthat directly io
senses the fiddbackmsystem pompsises aanectsamitdideedisdok sytstem thatndissctly7. A fl ow

controller as recited in claim4, in which the second feedback system
conpri sé& asqpamineciferantiabarassuia aenpss fae restrielian memhaises t he
differential pressure across the restriction nenber.
7.  Aflow controller as recited in claim 4, in which the second
feedback system comprises a mechanical feedback system that directly
senses the differential pressure across the restriction member.
15
8. Aflow controller as recited in claim 5, in which:
the first feedback system comprises a first mechanical feedback
system that directly senses the differential pressure across
the restriction member; and
20  the second feedback system comprises a second mechanical
feedback system that directly senses the differential pressure

across the restriction member.

9.  Aflow controller as recited in claim 3, in which the first
25 feedback system comprises an electrical feedback system that indirectly

senses the differential pressure across the restriction member.

10. A flow controller as recited in claim 4, in which the second
feedback system comprises an electrical feedback system that indirectly

30 senses the differential pressure across the restriction member.



~ 15 8. Aflowcontroller as recited in claimb5, in which: the firstgfgediark
system conprises a first nechani cal feedback systemthat directly senses

. the differential pressure across the restriction nmenber; and 20 the second
f eedback system conprises a second nechani cal feedback systemt hat
directly senses the differential pressurg, across the restriction nmenber.

9. Aflowcontroller as recited in clain1§, in which the first 25 feedback

system conpr,i se n electrical .feedback_systemthat indirectly senses the
differentiall Tpr é‘s@t’:"r@”ﬁ@b%@é f?ﬂ{?dﬂ%glﬁm 2t o‘ﬁh'%n’oer. 10. A flow controller

as recited | [ i ' : SHbSRM conpri ses an
el ectrical 1’£rfabef(?zlrlbsg(If:ékadsbyas‘:'%(trag t rﬁg?oﬁﬁgﬁsr@g%ﬁﬁt él%gms%ﬁ?es trﬁg differenti al

pressure acr osssystenr thet inditectin seaseethe différdrtial Arédsove aordssol | er as
recited in clai EH&S in whi ch: the first feedback system conprises a first
el ectrical feedBSIESIHOD MAMORRI @Mhdi rect |y senses the differential

pressur es aC{@&C&B??é@ﬁdkisgﬁieﬂ?gﬁggﬁéassés‘%erﬁ] %Iﬁg{iéacond f eedback system

conprises a second electric indirectly senses the
differential pfeziback spstemsthat ihdirectlytsensés the diffedeatial 12. A flow control | er
as recited inclaim 5, in which: ig the first feedback system conprises a

nmechani cal f eedBERSSUES 3EEa8S thaestactier Mem¥nses the differential pressure

across the restriction nenber; and the second feedback system conprises an
el ectrical feedback systemthat indirectly senses the differential
pressure acn@ssA flb ddmtrolle@ssrectedam claimise in which:

10 the first feedback system comprises a mechanical feedback system
that directly senses the differential pressure across the
restriction member; and
the second feedback system comprises an electrical feedback
system that indirectly senses the differential pressure across

15 the restriction member.

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

the restriction member.

25 14. Aflow controller as recited in claim 9, in which the electrical
feedback system comprises:
an actuator assembly for opening and closing the first valve
assembly in response to a control signal; and

a control circuit for generating the control signal in response to at

30



13. Aflow controller as recited in claim5, in which: the first £ g Y
system conprises an el ectrical feedback system that indirectly senses the
differential pressure across the 20 restriction nenber; and the second

f eedback system conprises a nechanical feedback systemthat directly
senses the differential pressure across ,fhe restriction menber. 25 14. A
flow controller as recited in claim9, in which the electrical feedback
system conpri ses: an actuator assenb f openjng and closing the first
val ve assenbl yﬁ?aﬁ'?PE@m '@@Cét'%ﬂgt%ﬁlé)'é?r QPI, p’%l?éure? B8YRBPoOl circuit for

generating the tﬁs‘r?r"ctﬁi'rgﬂé bdep response to at 30 -38 | east one signal
i ndi cative of the di ferentia pressure across the restriction nmenber. 15.

A flow controller as recited in claim10 in which the electrical 5
f eedback system conprises: an actuator assenbly for opening and closing the
second val vig a@SfEQ%FQ/ntWile@%?ﬁ\t@Q D §laim G Miiichsthgelgctrieald a contr ol

circuit for td ol signal in response to at |east one
for fQeBeicR s'TyQ%hnté Egpﬁu%é.

signal indicative o erential pressure across 10 the restriction

menber. 16. A f Bnwotwator aksenblgSor epéniad dna cbsingitdd seconavhaiwe:  the first
el ectrical feedback sP/s,tem conprises a first actuator assenbly for opening
and cl osi ng t he2p$ergbly ingesponge 93 eanlry! SigNale8Rdnse to -a -first control

signal; — and Anthl &feut 38t d&Hertind thelcohftbl S§RG IR TApInEE% & F st control

signal in
least one signal indicative of the differential pressure across

10 the restriction member.

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

member.,

30 17. Aflow controller as recited in claim 2, in which:



response to at | east one signal indicative of the differential p[giéermg‘
across the restriction menber; 20 and the second el ectrical feed

. system conprises a second actuator assenbly for opening and closing the

second val ve assenbly in response to a second control signal; and 25 a
second control circuit for generating thg.second control signal in
response to at | east one signal indicative of the differential pressure
across the pestriction nenber,, 30 17. A flow.coptroller as recited in claim
2, in whi ch&‘e-sf'tr%t rﬁgjﬂ%ﬁs-eww fRMPSEP arflgﬁhﬁj'QPBFagégééﬁ%ﬁné'ycorrp_ri ses a
first di aphragnyasse i bousiMgasSemby A Grseagphpagmand the first

di aphragm assenbly define an input "chanber, a first™ bypass chanber, and a
first regul at or agsemblyrdefBet areinpeit chamber a fitsb bypaseditambennpri ses a second

di aphragm assenbly,. where the housi ng assenbly and the second di aphragm
assenbly defi ne?afl aofU\téT'éetg%ﬂQFrﬁ ?'T'%Sr’second bypass chanber, and a second

regul at og cn@@@édnotﬂ@uﬁétbﬁésﬁ@ﬂpr@&mrm%aﬁrﬁe&ib Rfaghn f1rst bypass

passageway 10 that allows fluid fl ow between the 1 nlet "chanber and the
first bypass chssdrebly, wheretre hoyusing asserbly arsd thecsdcmmhdwi t hin  the first

bypass passagewgy to create ressure differential between the inlet
chanber and th\é\lgépﬁ‘é@grﬂfﬁégg‘%éﬁgﬁ%ﬁ an otlehchaAMBEN &3859P0y defines is a

second bypass pggsagedRambbatanald S¥sorld fegthidtsr EhMber:
the first diaphragm assembly defines a first bypass passageway

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

the housing assembly defines
15 a second bypass passageway that allows fluid to flow
between the first bypass chamber and the second
bypass chamber, and
a sampling passageway that allows fluid to flow from the
outlet chamber to the second bypass chamber;

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

25 18. Aflow controller as recited in claim 17, in which:
the first regulator assembly comprises a first control system at least
a portion of which is located within the first regulator
chamber, where the first diaphragm assembly isolates the
first control system from fluid flowing along the main and

30 bypass paths; and



between the first bypass chanber and the second bypass chanber, HE ?00
sanpling passageway that allows fluid to flow fromthe outlet cﬁ ?o

. the second bypass chanber; 20 where the bypass path extends through the

first bypass passageway, the first bypass chanber, the second bypass
passageway, the second bypass chanber, apd the sanpling passageway. 25 18.
A flow controller as reC|ted I n cIa|n117 I n which: the first regul ator

ssenbly coppri ses irst contr s St em at | eas ortion of which is
Moot od i ¢ T seseh et SRl o 2 g sontrd sVt aphr agm
assenbl y i sol at gejeh&s Réhlbﬁtof%rﬁmg'loc%‘t’éd @ﬁhlﬁrtﬁérbéédﬁod flow ng along the

mai n and 30 bypass pat 2005 -40 the second regul ator
assenbly conpri g aiOlS@ml’bErcwhell’edhewsommlaahragﬂaassemtpjsart ion of which is

| ocated within th econd requl at re th second di aphragm
assenbly isol aFg%t SSEEOR 085‘5? {é@n&?@rﬂwvé]@(??’l‘"f’g @YF | owi ng al ong 5
the mains and bygrshapedritsbypkls patHs. ow control ler as recited in claiml, in

whi ch: the first valve assenbly conprises a first valve seat nenber
detachably attached to the housing assenbly; and io the second val ve

assenbly conpri a second val ve seat nber . detachably attached to the
housi ng assggrb é?ﬁéybcorﬁoﬂpbw W??WF@anén WhiShied in claim 19, in which
t he housi ngy ¥ 88mBAs S8 gﬁﬁg ra first end nenber,
and a 15 sech gglk/rreér;s‘ggﬁmlﬁhewgﬂ %ée]é?{rr st I@é gerre @]’rb I s detachably
att ached detachably attached to the housing assembly, and

10 the second valve assembly comprises a second valve seat member

detachably attached to the housing assembly.

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

member to allow access to the second valve seat member.

20 21. Aflow controller comprising:
a housing assembly defining an inlet port, an outlet port, and a main flow
path extending between the inlet port and the outlet port;
a restriction member arranged in the main flow path;
a first valve assembly arranged to allow or prevent fluid flow along the
25 main flow path;
a second valve assembly arranged to allow or prevent fluid flow along
the main flow path;
a first regulator assembly having a diaphragm arranged to operate the
first valve assembly based on a differential pressure across the restriction

30  member; and,



to the intermedi ate nenber to allow access to the first val ve seat nenbe{
and the second end nenber is detachably attached to the i nt er medi at& JUL 2000
menber to allow access to the second val ve seat nmenber. 20 21. A flow
controll er conprising: a housing assenbly defining an inlet port, an outlet
port, and a main flow path extending bejween the inlet port and the outlet

port; a restriction nenber arranged in the main flow path; a first valve
assenbly arranged to allow or prevent fluid flow along the 25 nmain flow

path: a second vaS§eond seguiptlor assambbuatranged twrerate Brssecandialve | ow al ong
th in fl ; i ! i . d
o oper at e Phestfblibdbed & ind SRR pRARERe LA thaTe Brlia My .29

across the restriction 30 nenber; and, - 8 Jul 2005 -41 a second regul ator

assenbly arranged to operate the second valve assenbly based on the
di f f er ent i aB2pr etBaflowrarirller gt Claigt 21 whess thecserand regulatarcassasbly

control | gr fuﬂﬁgr%%ﬁhﬁ§§%G§é%§&Ha%ﬁgsﬁ&ﬂﬂnyegulator assenbly s further

COI’TpI’i Ses a secon



