SYSTEM AND METHOD FOR FLOW MONI TORI NG AND CONTROL
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priority under 35 U.S .C .1120 of United States

Pat ent Application No. 10/777,300, entitled "System

and Method for Flow Monitoring and Control " by Brodeur
et al. gylgreed AP nuarnod FoRbw WibiehrosTierapgy doNTRoL
i ncorporated by reference herein. FIELD OF THE

I NVENTI ON Enbodi nents of the present invention relate
generally to the field of flow nonitoring and contro
and nore particularly to nonitoring and/or controlling

fl ow over a range of flow rates. BACKGROUND In
sem _conduct or mapuf acturing, accurate control of fluid
f1 o R RIRYH F2E+®Png tools is critical for the
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cal cul ate the

FIELD OF THE INVENTION

Embodiments of the present invention relate
generally to the field of flow monitoring and control
and more particularly to monitoring and/or controlling

flow over a range of flow rates.

BACKGROUND

In semiconductor manufacturing, accurate control
of fluid flow through manufacturing tools is critical
for the precise fabrication of circuits on substrates.
To control fluid flow in current semiconductor
manufacturing systems, a mass flow meter determines
the flow rate of a fluid in the system and, if the
flow rate should be adjusted, a mass flow controller
opens or closes a valve accordingly. Many current
systems rely on pressure differential mass flow
meters, though thermal mass flow meters are becoming
more common. In a pressure differential mass flow

meter, two pressure sensors read the pressure drop
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flow rate of a gas based on known principles of fluid
dynam cs. Using the calculated gas flow rate, the mass

wo bad/ogiand rol | er can adj ust a val ve to i ncreaseCDUS2005/004276

decrease the flow rate. Pridr art systems that rely on
pressure differentials across a constriction typically
have a limted range of operation. Mire particularly,
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pressure sensors Is indiscernible. In order to extend
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pressure an ten a n unsatisfactory solution.
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Invgghhggegr %i%%stem noise. Thus, for example, even if
a flow controller is physically capable of controlling
flows at rates of 0-100 mL per second, the controller
may only be able to accurately control flows having
rates of 20-100 mL per second because, beneath 20 mL
per second, the pressure differential from the two
pressure sensors is indiscernible.

In order to extend the working range to lower
flow rates, in some prior art systems, a constriction
with a smaller cross-sectional area is employed to
increase the sensed pressure differential. While this
may allow the flow meter to detect lower flow rates,
employing a more restrictive constriction reduces the
maximum flow capacity of the meter for a given fluid

supply pressure and is often an unsatisfactory

solution.

SUMMARY OF THE DISCLOSURE:

Embodiments of the present invention provide

systems and methods of flow monitoring and control
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particularly, enbodinents of the present invention
provide a flow control device that can control flow
using a single pressure sensor. In one node of
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i nvention, a controller can monitor a pressure
based on the pressure sensed at a particular pressure

sensor, such as the downstream pressure sensor. The
flow control device can automatically switch between
modes of operation at a predetermined point. In one
embodiment of the present invention, the predetermined
point can be at a particular pressure differential.
Another embodiment of the present invention provides a
system for controlling flow solely based on pressure
measurements at a single pressure sensor.

Embodiments of the present invention can also
include a flow control device that can determine if a
change has occurred that may require recalibration of
the flow control device. In one embodiment of the
present invention, a controller can monitor a pressure
sensor (e.g., a downstream pressure sensor) for
fluctuations. If the fluctuations exceed a

predetermined amount, the controller can generate an



sensor (e.g., a downstream pressure sensor) for
fluctuations. If the fluctuations exceed a
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analarmindicating that thet fl ow device may have to be
recal i brated. One enbodi nent of the present invention
can include a flow control device conprising an inlet,
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pressure [oss ele t ween e inlet and outlet in
f | vire cadimmmziteat.i on vvrth the inlet and outlet , a
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and a con roI er couple iTst pressure sensor
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drive signal. The c ntr dg n engate val ve
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mode of operation. The controller can also generate a
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Ol ie e lal, & esel, pressus ab, o8 of L0 SeTSSLuice,
or QiRers RYAEIENIr -coupled to the flrst pressure sensor
aﬁd the second pressure sensor to generate a wvalve
drive signal. The controller can generate a wvalve
control signal based on a differential between the
first pressure and the second pressure during a first
mode of operation. The controller can also generate a
valve control signal based on a measured pressure at a

particular pressure sensor during a second mode of
operation. The mode of operation can automatically
switch based on a predefined parameter (e.g., a preset
differential, a preset pressure at one of the sensor,
a fluctuation in the readings of a particular sensor
‘or other parameter) .

Another embodiment of the present invention can
include a computer program product comprising a set of
computer instruction stored on at least one computer
readable medium and executable by at least one
processor to: receive a measurement of a first

pressure; receive a measurement of a second pressure;



Anot her enbodi ment of the present invention can
i ncl ude a conputer program product conprising a set of
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readabl e nedi um and execut abl e by at | east one
processor to: receive a neasurenent of a first
pressure; receive a neasurenent of a second pressure;

0pe5g%§aﬁgcg%g%Q@ih% aof br st aRde 0k epebaki-8Rion,
wherein the conputer instructions are executable to
cal shkaténa thleowomatué elradad tonca idnkf erenekglcubebweserio

the firs ressyre and,the_second pressure; oqperate
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conpUbkeriiRst Hielise and eper abkentiopeakeulrateopkerate
flow rate based on a neasured pressure at a particul ar
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pressure; neasuring a secon ressure;: in a f.irst node
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differential between the first pressure and the second
pressure; in a second mode of operation, generating
the valve control signal based on a measured pressure
at a particular pressure sensor; and switching between
the first mode of operation and the second mode of
operation according to a predefined parameter.

Yet another embodiment of the present invention
can include a set of computer instructions executable
to recelve pressure measurements from a sensor,
monitor the pressure measurements for a fluctuation,
compare the fluctuation to a predetermined limit and,
if the fluctuation is greater than the predetermined
limit, generate an alarm.

Yet another embodiment of the present invention
can include a set of computer instructions executable
to receive an upstream pressure from an upstream

sensor located upstream of a pressure loss element,

receive a downstream pressure measurement from a
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predetermned limt, generate an alarm Yet another
enbodi nent of the present invention can include a set
of conputer instructions executable to receive an

upsp&%%gke%SES%%etkéogkegsugat&sggl%ﬁ@ﬁ%ﬁtLOﬁghggor a
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ng
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lea%ké@ﬂ%ed pressure at a particular pressure sensor; and
switching between the first mode of operation and the
second mode of operation according to a predefined
parameter.

Yet another embodiment of the present invention

can include a computer program product comprising a
set of computer instructions stored on at least one
computei readable medium executable by at least one
processor to: receive a measurement of a first
pressure; receive a measurement of a second pressure;
operate according to a first mode of operation,
wherein the computer instructions are executable to
generate a valve control signal based on a
differential between the first pressure and the second
pressure; operate according to a second mode of
operation, wherein the computer instructions are
operable to generate the valve control signal based on
a measured pressure at a particular pressure sensor;

and switch between the first mode of operation and the
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operate according to a first node of operation,
wherein the conputer instructions are executable to
generate a val ve control signal based on a

difééESHaiﬁbdQegﬁeeggg gléhréecg&e§agr%oaadpkese§§ﬁead
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control signal based on a neasured pressure at a
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Pr es$iH 18 2eN$0e teRAIL WAL il A ating flow through a flow

control device based on measurements from a single
pressure sensor, the method comprising measuring
pressure at a first pressure sensor, calculating a
flow rate based on a pressure measurement from the
first pressure sensor and a set of calibration
parameters, comparing the flow rate to a set point and
generating a valve control signal based on the
difference between the calculated flow rate and set
point.

Yet another embodiment of the present invention
includes a computer program product that comprises a
set of computer instructions having instructions
executable to receive a pressure measurement from a
first pressure sensor, calculate a flow ;ate based on
the pressure measurement from the first pressure
sensor and a set of calibration parameters, compare

the flow rate to a set point; and generate a valve



flow rate based on a pressure neasurenent fromthe
first pressure sensor and a set of calibration
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generating a valve control &ignal based on the

di fference between the calculated flow rate and set

point . Yet another embodi ment of the present
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advant-age +ovek; Bl raklsf.| ow control devices by
providing for greater accuracy in neasuring flowrate

at | ow f Eowoddtest sE@fodingemrssentt Havgnddem provide yet
i nvention _praovid t . ad t r i10r; af:t
o
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occurred. BRI EF DESCRI PTI ON OF THE DRAW : A nore
conpiSe € CHEETSt &TditRy S Ith 35 Ss&arred.

BRIEF DESCRIPTION OF THE DRAWINGS:

A more complete understanding of the present
invention and the advantages thereof may be acquired
by referring to the following description, taken in
conjunction with the accompanying drawings in which
like reference numbers indicate like features and
wherein:

FIGURE 1 is a diagrammatic representation of a
schematic of a flow control device according to one
embodiment of the present invention;

FIGURE 2 is a diagrammatic representation of one
embodiment of a flow control device;

FIGURE 3 is a diagrammatic representation of one
embodiment of a controller;

FIGURE 4 is a flow chart of one embodiment of a

method for controlling flow;
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| i ke reference nunbers indiate |ike features and
wherein: FIGURE 1 is a diagrammuatic representation of
a schematic of a flow control device according to one
ebodi Mefl GOfksl B8 111 2S¢k, RYHL! 8% oFLCHRERRd %0

di agrammati c representati on of one enbodi nent of a

f | omoadniordngdevipses sEir@UREN3 oirs ta dicdgravimet iiE a
representati on of one.enbodi_nment. of a controller;

FI GOREDZ 7838 FYShEhare SP=B8 mbodi ment of a et hod
for cont Faldurg o lieWaFli@dRE amag id fdepwesfiaria tafororRE a
met hod of nmonitoring a pressure sensor to determne if

a dewhsredam 9fsterhlitds comirged demicerpEqrigg to
dlagﬂﬁqgg?f CrldY 1R t%&?%ﬁm@&bt Sehematisafof f1ow

contro evice according to a er enbodi ment ‘of the
present IEMEIRE an;isFlaGdRE gt ansnad idi agprenesatritetion of a
representation of a .flow control .device usi ng a sseinn | e
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represent@iduik &f ianQtiheyr LiRadidrep refs et tfd oMb it 1 ol
device using a single pressure sensor; and FIGURE 9 is

a f laowtdtear terdfodimanst ot iandf love abddinglavigie using a
contr.,ol |.in | 0 Si S nts froma single
pr essslﬁlr(-:jel % néeosrsf%%%%a;% PTI ON

FIGURE 9 is a flow chart of illustrating one

embodiment of controlling flow using measurements from

a single pressure sensor.

DETAILED DESCRIPTION

Preferred embodiments of the invention are
illustrated in the FIGURES, like numerals being used
to refer to like and corresponding parts of the
various drawings.

Embodiments of the present invention provide a
flow controller that can reduce or eliminate problems
associated with prior art flow control systems and
methods. One embodiment of the present invention
includes a flow controller that has an upstream and
downstream pressure sensor. In one mbde of operation,
the flow controller can control the flow rate based on
the pressure differential between the pressure
measurements from the upstream and downstream sensors.
In another mode of operation, the pressure controller
can control the flow rate based on the pressuré sensed

by a particular pressure sensor, such as the



Preferred enbodi nents of the invention are illustrated
in the FIGQURES, |ike nunerals being used to refer to
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Enbodi ments of the present 10nvention provide a flow
controller that can reduce or elimnate problens
associated with prior art flow control systens and

met s s+ Qagnephadsaeat sehsbhe Pregert olin¥eRki-8Aler can
includes a flow controller that has an upstream and

dowhstiedm pregdsute suhsmetiraldye swadehobesperat itor,
the_fl.ow cantroller can ntrol__the flow.rate based an
themﬁgggsﬁgeogﬁfﬁe%gﬁfia&ggeéﬁégﬁ PﬁgepggsggFga%lon can
meapur geRBs ateanwihe upsheeamland rdewast WeAMeS @Ag0kecond
I n anot her. node of operation, the pressure controller
canegft P&l OPREALLBW Fatle PBass§OGH A RE Priddsdryesehdey

by a_particular pressure sensor, such as thedownstream
pressure sensor. The flow controller can include |ogic

t o aut omAGUREl § swi echlibgrasenr ttite nepdeseoftation of a
operation. The._first no of operation can be .
ASGaPH; SIRER HEGHER. FPow Fargei s Chie cTkegent of
nodenef peReeati oRvear iba .assaehalenh twolh deaiie f3l00Wan
rates . FIGURE 1 is a diagrammatic representation of a

f | ownedideorndéniies 36, fadcardicAg g ond latbodrmentlefr 34
¢ he;%%eaeﬂfe_cltﬁ}ﬁgng' %powF't%Wo_Gc%%‘rf ¥ A S0 La £10
u et 32 for 1 et 34

i nc e an in receiving a flow, an ou
f or sgistteat,i pgea stirewlos sotiemeodanEeonert.s .of aa fdrdwice

SYSRET SRR hosR SeTmRy 36 (o0 o0 of e
other pressure loss element), a pressure sensor 38
upstream of pressure loss element 36 (referred to as
the “upstream pressure sensor”) configured to measure
an upstream pressure, a pressure sensor 40 downstream
of pressure loss element 36 (referred to as the
“downstream pressure sensor”) configured to measure a
downstream pressure, a controller 42, which can
include processors, memories and software instructions
for determining a fluid flow rate and/or for
generating a valve control signal, and a valve 44
(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the valve control
signal to regulate fluid flow.

Upstream pressure sensor 38 and downstream
pressure sensor 40 can be capacitance type,
pilezoresitive type, transducer type or other type of
preséure sensor known in the art. The pottions of

upstream pressure sensor 38 and downstream pressure
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an upstream pressure, a prdssure sensor 40 downstream
of pressure | oss elenent 36 (referred to as the
"downstream pressure sensor") configured to neasure a

dog?égé@?”h@r§§585§d éoCQHEYQhEQH %@owﬂﬁbchhgéﬂgh flow

e processors, menories and softwaré instruactions
f or cdeteohi dengca BDuenf bewchaté cardyoinpst with respect

ge”gralchn ﬁ?%%?l ve éﬁ% @%S' 9'1%' ca%nge <% ‘i%d“%o

Fing pet "vafve,

but h@éf:k}éamabyéss@r@n@éﬁabhf08|8| y d@mmsememl pee@rsumbher
val ve known 1 n the art) responsive to the valve
conBEBECEi fRapnfovréyal 4fe VEAPui dOM S%AMDpEr r Edfctrical

pr e%%HBSc% engar 38,and 4ounstieaMANEeS Ul §2398S e 14Q
can be capacitance type, piezoresitive type,

t r ahadiogr coppenentst heuchype ofl qnosssidire ldemsor tnown

th t. Th t f
35 BRG°ABANSIFoARIBPeCQlt CoAn el iy EUpoSE 65t ha oo

f 1 uipd 1kkowitngnt heeyoh skl @w eonrt rellvdeione r30 carmbke .
chemcally inert wth respect to the fluid. Controller
42 can b& &dupPedoes @ﬁsﬂﬂéﬁﬁﬁﬁré§§U@@t§§n§8PW3@°ntrOl

dom@%vl%@"pef ESYLe cpensor 4Q Ang, vo%lg\ﬁe A4 ag 90

exanpl €, ri cal’ connéctions. The valve can include
a valressdrkeyaobayvieigmentpGtering] esuich fAow control device
m crocontrol lers, to process the valve control6§%%pa

and 30péh 6MteREsE4val VESHF S PRHGIEE 550
Conbb%hs%&gﬁﬁlpr@ssb&%ﬁs@%@%xOMdldﬁﬂ Gendd t_Ntys tiletin

Con%&%ssure signal 46 and downstream pressure signal 48,
which can be digital or analog signals that represent
the pressure measurements at upstream pressure sensor
38 and downstream pressure sensor 40, respectively.

Controller 42, using, for example, software
instructions stored on a computer readable medium, can
generate valve control signal 50 to open or close
valve 44 to achieve a desired flow rate based on the
pressures measured by upstream pressure sensor 38
and/or downstream pressure sensor 40. According to
one embodiment of the present invention, controller 42
can determine a differential between the upstream
pressure measurement and the downstream pressure
measurement. The differential can be any
representation of the difference between the pressure
measurements at upstream pressure sensor 38 and

" downstream pressure sensor 40. For éxample, the

differential can be represented as a pressure value



device 30 at inlet 32, pass through valve 44 and
pressure | oss elenent 36 and exit flow control device
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downstream pressure sensor 120 can generate upstream
pressure signal 46 and downstream pressure signal 48,
whi ch can be digital or analog signals that represent

the pressu u t : t Le3MLBr §S ; r
35 ARGUAOWRIEr Baim Breosurc SSHetr A, Peapoet oy
Contvobthge 42lueasiagg.fol0éxakpl eprsdft wayeother format

instructions stored,pn a, uter readabl e di_y C
genbPate SRFGRSEoNt FOF SEGRAF ROt BEORER oF 6l BogSSute
val yea44rtRenehi eveoatdesieed4bl ewnr abephasedhen the

pressures measured by upstream pressure sensor 38
andfoEfasansiréakiPpresslr @OdBRs6P 46NSABESr FrAyct 608H&CL

enbqdi t -@f . ese Laventi c I 2 can
ot SRS 0P e B o o R e e e m ey dedur o
neagpubesent oand-theedoaist(M@ar) pcessuré seasmeenent .

The differential ,can be_any representatian. of the
difPéP@ﬁEElBg?iééﬁ%?ﬁéaﬁfg§§&yétﬁ¥§sdr%&ghQSCSPtrOl
UPSLEERMLPT 68SHKE SERSe 38tabd denasir ealdwRl @3S dkeeloped
sensor 40. For exanple, the differential can be

replossheedras -a peressura vaniaed. §19nedo SPa) Vel vas 44 can
si gnal__hayi parti r.,\VO g e.g., 100
nV)OPe rofnggﬁ%eog eF% g?ﬁg% tﬁ%t%ﬁégiggg%?s t he

di f f er encalbketweengt e oor essese basasiuoentites differential
Controller 42 can conpare the differential to a set

poi REti§geREASIE SFalfFE SSUREro P ts MgIFa S5 &ESotitvy S8=°*

any 3ot 0l -3ARETR 2hf e s RRPAhisORala 0 dat @Al I

PI") control schene,
acceptable accuracy at higher flow rates. However, as
the flow rate decreases, the signal to noise ratio of
upstream pressure sensor 38 and downstream pressure
sensor 40 can become so low that it is difficult to
make an accurate flow rate calculation based on the
differential of measured pressures. In other words,
at low flow rates, the pressure differential can
become indiscernible from noise. To address this
issue, controller 42, according to one embodiment of
the present invention, can switch to calculating the
flow rate based on the pressure measured at a single
flow sensor.

Controller 42 can calculate the flow rate based
on the pressure sensed by a particular pressure sensor
based on known fluid dynamic equations and/or
empirical comparisons of sensor readings to flow rates
established during calibration. According to one

embodiment of the present invention, flow control



proportional - integral - derivative ("PID") control
schene, or any other control schene known or devel oped
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open or close to regulate tihe flow rate. Calcul ating
flow rates based on the differential between neasured
pressures at upstream pressure sensor 38 and

do“ﬁéb&é@"h6f8§§U5@ Senspra4@4can phavhdeaaseeptabl e
accuracy at higher flowrates. However, as the flow

r at detlecméaseshet hersegntfionobastivsenr gensedf pugssigamat a

38 d i
CanoBECORab POUSPAAL™ (T8 GIPTi CaTE 16 fage gpect in

accynhaty Fhew tahereal eskatkeogobasednenatined. This can
differential of measured pressures. In other words, at
| owiprdwdpacad 1orRE 1pPeddive CAPIFELeAEVAICSCAY B SfEOUnt

ind%gge QEQ%gr%rggkggkséauggda%§r%%ﬁpbméiﬂ§*ﬂﬁ%nstream of
control Fer , according to one enbodi ment of the
presénty conembilodeviar SW thlatt efdalctultie wg ltdve aftlegivE low

rate based_on the prgsisure nEas%r.ed at_a,si g;_;LIee flow

sengBie - CoBErELl OF F318afodareaard 1 K€Y G rat &2 30

basgdnerat-he vianess woa tgens ed gy 1a sparespdnasi v essu e
sensor based on known fluid dynam_c equations and/or
enpPriesall reo FEariado g OFf as BRI CHeadi FGE S (W rat es

est abl i i al i brati an. [ e
enbaﬁg)isr%%t%%o%%{ehs% p%‘ﬁr%es?ee%tszéjitfn\(/%ggntdi%g%1?)Ir %\%etaqn Ssure
contseolsdevidioe 30 cayuietealthsr dfiled datflinstrad eat | oIt tshould

par (0 GO o Gheer " (RE PO Tl 1 IR e e

Whi el rfl QW A0l HEMECSBAHS ndishaldtht This L£an
particular sensor, the other sensor can be in an “off”
state or can continue sending pressure measurements to
controller 42.

The switch between calculating the flow rate
based on a differential to calculating the flow rate
based on the pressure measured by a particular
pressure sensor can occur at any arbitrarily defined
point. By way of example, but not limitation,
controller 42 can make the switch when the
differential becomes sufficiently small, the pressure
measured at a particular sensor falls below a
specified level or the fluctuations in either or both
sensors exceeds a limit where a single sensor would
provide a more accurate flow.

Thus, one embodiment of the present invention can
include a flow control device that comprises an inlet,
an outlet, a pressure loss element in fluid

communication with the inlet and the outlet, an



include calibrating flow control device 30 to account
for pressure | osses caused by conponents downstream of
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rate. Based on this calibra#ion, controller 42 can
generate val ve control signal 50 responsive to a
pressure signal froma particular sensor (e.g.

upsﬁ%@@g%gﬁ?g?&ﬁ§u§§n§@533§ Of g@%ﬁ%EE@@H‘B&@%%HE@ sensor

sensor regulate the fluid flowrate. It should
be aotled tbatrmhéarconfhelUEEthamspgéﬁénaﬁlﬁgnﬁhé can
control si on_t he nmeasur ements

par?FéﬁPﬁ? §8n§8?§r?ﬁ@ Bt sensor can gng%tgﬁamoff"

st abee8EueanseABbirNdenSABEENGePrEESWNS tiRARUpEEBBLIS L O
controller 42. The switch between calculatln the fl ow
rat @vBasadisish dpPEer eAt LaPVt §2E58Pcult8Ei FENTKEeLE-PEWCAN

Late chasgd.on theRr e%aha&slngag%qdbgge@ ear tiheul ar

sure sensor can occur at any arbitrarily defined
p0|dﬁffoemmyamflexahplmsabutedoprbﬁﬁwna§|onOver a second
controller %6can ke t SMAt

en t he
di f f8PERt PAl THE¥oRBE CEuf FF‘& Sﬁﬂ iF) CoPhgeprEssar &

nmeagyn ed @bn@r@@r%hgﬁbérb%%@&obnf@hbSpQ%b@Wr@ measured at
specified |l evel or the fluctuations in either or both

sensbes upgtaeds 2Tl CRrnSHICRE RISISSHILE SERSOL -wodlhg flow
Pr OV 81MRG S RECHERL ¢ (il TS @ne, QG Wente Cfan

t he 'present i nvention can inclu | ow contr ol
deVb@enIbatcaampru&exea@ommbeto ameowtdlste, conpredswignal .
| oss elenent in fluid communi cati i.nl et and

t he TH8t ICORLTRAGSSt CERMAHELTE (&3 sﬁﬁﬁﬁg%i §%$§h%he

Pressye §8RROLF operation (i.e., basing the control
signal on the differential) and the second mode of
operation (basing the control signal on the pressure
at a particular sensor) at a predefined point.

FIGURE 2 is a diagrammatic representation of one
embodiment of flow control device 30. Flow control
device 30 can include an inlet 32 for receiving a
flow, an outlet 34 for directing a flow to other
components of a flow system, a flow passage 35, for
directing fluid from inlet 32 to outlet 34, a pressure
loss element 36, an upstream pressure sensor 38, a
downstream pressure sensor 40, a controller 42 to
generate a valve control signal, and a valve 44 to
regulate fluid flow responsive to the valve control
signal.

Controller 42 can receive signals from upstream
pressure sensor 38 and downstream pressure sensor 40
representing the measured pressure at the respective

sensor. The signal can be an analog or digital signal



and a controller. The upstream pressure sensor can
nmeasure an upstream pressure and the downstream
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Over a first range of flowlfates, the controller can
generate a valve control signal based on the
differential in the neasured pressures. Over a second

ran@ﬁagfc%hopégﬁégénttEﬁeCHQEEQEE@rp?@@sg%aeb§t%o@tage
val ve contro I gnal based on the pressure neasured at

t helapsly eam bitdowmptreeantpnegstheemsanssed PhestUs®m OT
control device can further inglu a_val ve
opeﬁno?n¥I8§ anmP8§65n280W8 %He%%e a5 C%H%&°33%§|42

val vé "¢ontrol " si

Thecganieekkpinean autreertheakllybstivbeh haeweesastited
first node of operation (i._e., basing,the caontro
si gRaFSEHTERe BYf feFeREPEP) CandePRE254RENG Rgddesrnce

Opefs@ghgp. GRAYCRO LA qaRtngl 25Leaak.08 Ui Ressur e
at a particular sensoF) at preédefi ned point. FlIGURE
2 i soatdbadeamdit icanr gpneseticati valok owetewodiiveetl

of flow control device 30. Flow control deyice 30 can
incPéS@daﬁ?iﬁggt%%gfﬁgﬁ é@&i@ﬁhéageglgﬁ,%§ﬁ Ut 34
for sdiyhegt irRged vidoowrba ehkernpeerrenenrins/@fr adwnewream
system a flow passage 35, for directing fluid from

i Nl Pre3zure GERISOr -34 Vad Vigr dds (P& 1I0PSE SlefEMSR36, an
UPSLECIILRN GRS SR19WC fi%’eda VAQWRS I SAP AN ESSIA |

sensor a contro to generate a val ve contro
signal, an¢Rp A s 44 diegregulaatie fdegirgfdndmtion of one

responsive to the valve contrql signal . .Controller 42
caneﬁé@éﬁy@n§i§HQQQW9¥%ﬁ6ﬁ%ﬂ%éam ntrol1er 42 ca

include an analog to digital (A/D) converter 52 to
receive signals from the upstream pressure sensor and
downstream pressure sensor and convert the received
signals to a digital format. Processor 54 (e.g., CPU,
ASIC, or other processor known in the art) can receilve
digital values from A/D converter 52, representing the
measured pressures, and calculate a differential.
Based on the differential or the measured pressure
from either the upstream or downstream sensor,
processor 54 can generate a digital control signal
that represents how much a valve should open or close
to regulate fluid flow. A/D converter 52 can convert
the digital value to an analog valve control signal
and send the analog control valve signal to the valve.
Processor 54 can generate the digital control
signal by executing a software program that can
include a control algorithm, stored as a set of
computer instructions 56 on a computer readable memory

58 (e.g., EEPROM, RAM, ROM, flash memory, magnetic



pressure sensor 38 and downstream pressure sensor 40
representing the neasured pressure at the respective
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signal that can represent the nmeasured pressure by
vol tage level, as bits representing the neasured
pressure or in any other manner known in the art.

Conttol el 42680 LRlAIdINR & iy el weamnddie
measur ed pr’es?ures, by for exanple, generating a

di f fremeirge ksicgmalirardieoramdal,c wlcatessg kel epres quracessor 54.
di fference. ntroller 42 can _generate val ve cqntr ol

i gl CBESE i G RRT Ei IAF GTHe PP o e

Pr essld @purdtdr I eGal Merh fifdManly P HI R A imeters to
downstream pressure sensor. Valve 44 can open or close

r esgedsinia tteo Hhre Hexidiade Fpdingd ot} ke gpthion the

Fl ' i i ' f. .one

en‘oGlcc)équf n%r%lte%gg agLorE#%o er “%fr%ﬁf%%r%fo coalﬁ’ ielnr%:lin ether
an analeo®ft epimgitiiadn ( A/HY) corbrerlt exl e tichm exagi wese the
signals fromthe upstream pressure sensor an

doWAH AR R o Gt R T (4R B Ve

si gl i@ Uil daled oMty ROeass Ui P d B @ont £FU,

ASI C, or other processor known in the art) can receive

di gitignalal udhd remw @ coliarittdim 3280 rapr @it ¢aglY he
nmeasur.ed .pr.essures, C e [ r ial .
TSRS AL AL A e S moae =
f r opriddreimddep st y eamorextongist r egre semsiorel algorithm
processor 54 can generate a digital control si

t hatCaTepteset sEHIl Thie ht & VamRES Haul H‘%p%%C%f?g 2‘{1%%% when
oo R B L ol e f ke copu o
Processor 54 can determine whether to switch between
the first mode of operation and the second mode of
operation each cycle or on a predetermined schedule.
The control algorithm can calculate the digital
control signal for a particular mode of operation
using any control scheme known in the art, including,
but not limited to, a PID, a modified PID with offset
or other control algorithm known in the art. The basic
operation creates an error signal. The error signal is
then corrected for the particular valve. The
corrected error signal is converted from digital
format to an analog signal by A/D converter 52, and
the resulting analog signal is sent to a voltage-to-
current converter that drives the control valve to a
new position. ,
Controller 42 can include additional input/output
capabilitiés. For example, controller 42 can include

a serial interface to support administrative functions



and send the anal og control valve signal to the valve.
Processor 54 can generate the digital control signal

whooengded i ng a software programthat can i nclRCEUS2005/004276
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control algorithm stored a8 a set of conputer

i nstructions 56 on a conputer readable nenory 58
(e.g., EEPROM RAM ROM flash nenory,

MagRethcst s | CRlp Ul agfs 1 Qtials oppput er
readabl e ﬁg ry @%%%n iﬁ)the art),tzcééséﬁble by
p:roédsastmioﬁnzaum o tmede eof  AGheraat ilgwludie ROMATH
al gori thm can yse operat.or,. cal.i bratio d/.or ry
par aneteré s cal ¢il'd GG edi‘”’gj‘lttthalOil:choe% %hlévss)i cggnrgthoc"L
basegvarddle dinfifrarantdmlvdeiorgart smasiy etk ipsestaries

or, in another node of operation, the contro

al gaﬂalgalhﬁﬁ:a?f R GRS VS s AR an upst ream

or downst qﬂg} SWLE SENSH s O Fal it Bt | it
control é#b a1££$§% control a d%%i?ﬁﬁ#%aﬁ§h&h@hg & ol
aut emefdcialiny swia chetistteerf tenrférst ride example the
second node at a predefined point. For exanple, the
cont‘ﬁ%}t%ﬂ ot G t?%ar&f# o t%oénlﬁlfjs%?n%d%a]tcoulated
t he wseeand dinge, whedntdie didd a5esddate dFOPse pep oy fure

predefined | evel . Processor 54 can determ ne whet her
t o sWiftfgrestimerivakiee fioBtCapgel BFedpetll i Batantetir) to

secaqn e of. op t or

pre e?seér% n%%rttsbh?:dﬁﬁléer? Iﬁézlccr:]eo%n?% e'al%%]kllﬁngﬁ%%%
caldcziﬁlgait*@lhﬁ ch i bt conttrlod @i ghededtorah patveeul ar
node of operation using any control. schene known in

t he TRASUI S RERTRRT BN et TP TSHL T, Al prpLCqlate the

modi {4 eek Rl Wi hhOf fset e fiRed $Passeteal BYr §éMdrating

known in the art. The basic operation creates an error
si grealdifferentorl ssigedl jgsing a summer. In this case,

the control signal, in the first mode of operation,

can be based on comparing the differential signal to a
set point. In the second mode of operation, the
controller can compare a pressure signal to a set
point, rather than a calculated pressure value.

FIGURE 4 is a flow chart illustrating a method of
controlling flow according to one embodiment of the
present invention. The method of FIGURE 4 can be
implemented by a controller having one or more
processors executing a set of computer instructions
(e.g., a software program) stored on a computer
readable medium. The controller can use a number of
input parameters in generating a control signal,
including pressure differential threshold 60, preset
flow calibration parameters 62, in situ flow
calibration parameters 64 and set point 66} and can

calculate a flow rate based on a differential between



then corrected for the particular valve. The corrected
error signal is converted fromdigital format to an
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anal og signal is sent to al§oltage - tocurrent
converter that drives the control valve to a new
position. Controller 42 can include additional

i npﬂ.%/a%ltﬁ%lcﬁt Ridelst I68S + HeO s AL 2 tC ANYek] iR 144
can Include & serial interfacé to support
admsenstorat i e umptito pegats tay supat ey stonset en a

instructions 56.. Additionally, contrgl]er :

i nclcﬁa@uljfmd! &t fnaeéfé‘émi 0 ec'oqﬁfurﬁ% gla{t & O\?\%Z’t %%%tnﬁécrlc

f 1 owreeRlgoldedadLes, ARMEMicinAlitise eerpitler sieafium known
ot her device capable of communicating over a network.
Conpiit &hs mstlucti ons can i npl enent the control

al gorit hrﬁf&ﬁ%f’ear&'qgﬁér(gnﬁlne&?reMl@Wa% dd&ised to

control signal can be base n conparing a cal cul ated
val detfeerngne avteal duleataohtprodsisur eswidiaiess predsnare
differential cu.Iateldeow ratq:value) to

l.ue, |
a sE&ENsFaRLn v%kgene&%rco anfie L PR ThatSigital |y

cal gulsatd ahithe %éﬁ@&ﬂtéﬁs&ﬁimmwﬁm particular
pressures, the controller can calculate the_
di f fsememd SAIraRTwRen AEERENPries streeRPGawsratahghe

a dffe F [,0 ' i
o BT Sl R B SsoLa 60
can dzg hes eth losu comgprbaged hen dilié et@ntstatesi gnadsswrey,
set point. In the second node of operat,j

th
contts | L TP Roiarky &8 Pees urde st f?%reassg%lfe and the
Poi Rf51vatheds than, a cal cided oeh D1 eg e s Mddledifferential

threshold 60, fluid can be run through the flow
control device until a differential pressure of
approximately 10% of the full scale (i.e., the supply
pressure) of the flow control device is achieved. For
example, if the supply pressure is 100 psi, the
controller can adjust the valve until a differential
pressure of 10 psi is achieved. At this point, the
downstream pressure and valve position can be measured
by the controller. The downstream pressure determines
the “load” of the system and the valve position gives
an indication of the supply pressure and the effective
remaining range of the wvalve.

With the above values, the control resolution of
the flow control device can be determined as follows:

Res=(dP%/ (valve position%))* valve resolution
(psi/step) [EQ 11
~where: '
dP%=differential pressure as a percentage of
the supply pressure of the flow control device,



FIGURE 4 is a flow chart illustrating a nmethod of
controlling flow according to one enbodi nent of the
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i mpl emented by a controll en9having one or nore
processors executing a set of conputer instructions
(e.g., a software progran) stored on a conputer

readabl e megiym. The 16aRkEel 1T (6N Jise R N WHReR e is
i nput par anmg g &S I'n generating a control signal,
=3

| ncl udi ng P %’r%e%lfmﬁ %9552 t@%%%TH S%Qbprﬁﬁft
e

f|OM/Ca|IbratI
calibration® QC &r-s. /64 Varid &lca lr¥t bt a eéiar]?y the

calculate a Piaﬁ rEe n a dlfferentlw
bet weeneasured pressures or the pressure at a
particul ar sensor. The input paraneters can be stored

on a Co”pﬂfeEhéeégﬁPkglnﬁgéHﬂE£§oﬂ asRAM eBMied by [EOQ.

magneti ¢ storage device or other conputer readable
medi Um kaoimsuhf{beendtt jn. cPnpssisendtdf erédasiakd control
t hr eshol 60 can_be used to de

h .
contFoFPEFESRR L TR gebe?ﬁﬁgﬁnaeﬁgéaFFﬁﬁetﬁg %8§tpﬁgh the

Si gr@én@ﬁéﬁﬂeﬁncaﬁeaaﬁﬁéer enti ah1bet veeacsesseda higher
pressures or gartlcular sensed gressure Accordlng
to oeecepbodi dbhfesenthelpr e¥eAn FR9eRPNBRCLpFESSHEEION

di ff l..th ho : baged on
the Tbunarfeatn bEBaoti oot AOCHRRr SAShErar 5 eoncr e
t he suppeyppné$sgrélﬁﬁdrehelaalpeepesreloan ba selected as

et LTl nLng. pLgguLefl Ll CLenlLRL Egehold, 00p bl 4.

diff&éeﬁtbﬁbx?rﬁésﬁﬁé 951%EDEQXWH§E§|ihéogﬁgﬁalhﬁofﬁbhse

scale (i.e he supply
ratio of the sensors prevents an accurate pressure
differential reading. According to one embodiment of
the present invention, determining differential
pressure threshold 60 can be performed automatically
by the controller. It should be noted, in other
embodiments of the present invention, pressure
differential threshold 60 can be determined by other
schemes or can be determined arbitrarily.

In situ flow calibration parameters 64 can
include parameters calculated for a particular flow
control device based on installation of the flow
control device in a flow system. In situ flow
calibration parameters reflect the fact that devices
downstream from the flow control device will affect
the pressures sensed at the flow control device.
While this may have little affect on flow rates
calculated based on a pressure differential, it can

significantly affect the flow rate calculated from a



pressure) of the flow control device is achieved. For
exanple, if the supply pressure is 100 psi, the
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pressure of 10 psi is achi@ved. At this point, the
downstream pressure and val ve position can be neasured
by the controller. The downstream pressure determ nes

the od.0adv, of » thec systemandothe yabyerppsi thop1Givesntrol
an indication of the supply pressure and the effective

r emelaniinge reayeoof redrel Varyeed Ve her heénabavbavadneso

the cantrol resolution-of the flow contr i n

bo® Gt 3R Forfonlov HIEL bR FOR ARLAHEYLEE, £R0rnat
) valamuresof it | @owiperéshegeviEEs 1] Theren:situ

dP%di fferential pressure as a percentage of the
supptalihreaizine efnthe §Po% cbAfrBraERYEcelyaRgRually

pOSi%ﬂi%B?/fn&S §9@e£e§§@aif£@ev§%h¥§ bS BPesn ¥at¥fated

resol ution=the resolution of e particular valve,
t ypissafiwa det eominetll by déeival veuhhnaf acBacausel thehe

control. r | uti on. as determ ned, by [EQ. '

oA e by P b Ty S hatri B tBh: FLpv rate
resbdid®royat we, pFeasing sheaspopeit&1b00sB8hgbr bBelower
controller can adjust the valve to achieve a higher

pr esSteve wEeer epriHPrathhen PRE2EBREFS| Of eSBRUPFON
zgs%%%%%%%%% f%%ni§ng¢§ﬂﬁgd§ﬂgﬁkcbgn£h%tBfefent
g erenti al pressure can be sel ect ed as

pr eskuwentd éh erieasedl ohhteshobd B0owThifsapdinidathsough
the fluid control device. As iong as the flow rate
corresponds to laminar flow, compensation for fluid
viscosity and downstream pressure loses requires only
an offset value to be used as the in situ flow
calibration parameter 64.

Preset flow calibration parameters 62 can include
parameters used for calculating a flow rate based on
gas type,}flow control device setup or other
parameter. Preset flow calibration parameters 62 can
be established according to any calibration technique
known in the art. Set point 66 represents a desired
flow rate. The calculated flow rate can be compared
to set point 66 to determine how much to open or close
a valve. Set point 66 can be updated automatically
by, for example, a remote computer, by an operator, or
in any manner known in the art.

The controller, at step 70, can receive pressure
measurements from an upstream and downstream pressure
sensor and, at step 72, can calculate a pressure

differential. At step 74, the controller can compare
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rati o of the sensors prevents an accurate pressure
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the present invention, det@tmning differentia
pressure threshold 60 can be perforned automatically
by the controller. It should be noted, in other
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system In situ flow calibration paraneters refl ect

t he ¢2ctrohatalenpedstBori&Prédm fromthe flow contro

device wijl affgctsthernreguresigensed ahibieatbowhe flow
control device. " Wile this may have little affect on

fl owratat elsasatlicohatbd Basédrentaapr bssween measured
differential, it,can signifigantl a&fe%t t he flom% 62
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after installation to establish in situ fl ow
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Because the controller will typically deternine_the
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calculating a flow rate based on a single pressure,
including comparing the measured pressure to a
calibration curve of flow rates (stored, for example,
in the memory of the controller or other computer
readable medium accessible by the controller).

The controller, at step 80, can compare the
calculated flow rate to a set point. If the flow rate
does not equal the set point, the controller, at step
82, can calculate an error gain based on the pressure
from a particular sensor (e.g., the measured pressure
from the downstream sensor). If, conversely, the flow
rate does equal the set point, the controller can
calculate the error gain based on the differential
between the measured pressures (step 84). At step 86,
the controller can convert the error gain to an analog
valve control signal and communicate the valve control

signal to a valve. Steps 70-84 can be repeated.
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corresponds to |lamnar flo® conpensation for fluid
vi scosity and downstream pressure | oses requires only
an offset value to be used as the in situ fl ow
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downst redfR PERSSHIBeSENSQr tABUpraketteRntentadf, the
calculate a pressure differential. At step 74, t he
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t he c %4 pressure erential i greater th
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to step 76 otherwi se con o o step (8.
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basQﬁtﬂ@rtﬂng'éfeéﬁﬂkéﬁhoﬁet“@%&e@%@%?r%ers 70-78 can be
carried out by a mass flow meter to determine a flow
rate. In this case, the pressure differential
threshold 60 (or other preset parameter) can be
arbitrarily determined.

As described in conjunction with FIGURE 4, the
flow rate can be calculated based on the pressure
reading from a single sensor by calibrating the flow
control device at installation to account for the
pressure drops caused by downstream components. If
the downstream components change, the required offset
may also change. This can occur if new tubing is
installed, the flow control unit is moved, a
downstream filter becomes restricted, loose tubing
shifts during a dispense process or any other event
occurs that can affect the sensor readings.

According to one embodiment of the present
invention, the éontroller, using computer instructions

stored in a computer readable medium accessible by the



pressures using preset flow calibration paraneters 62.
This can be done according to any schene for

w@adosisasd ng a fl ow rate based on a differentiBCT/U82005/004276
nmeasured pressures known iB3the art. At step 78, on
t he other hand, the controller can use in situ flow
calibration paraneters 64 to determne the flow rate.
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can be nmade each tinme a flowrate is to
functioning properly. If the controller did not
monitor fluctuations, the downstream sensor reading
could increase to .5 psi (indicating a .25 psid
pressure increase from the system after the
controller) leading to change a decrease in the actual

20 flow rate (e.g., 50% of the calculated value).

FIGURE 5 is a flow chart illustrating one
embodiment of a monitoring process. At step 90, the
controller can recelve pressure measurements from a
sensor (e.g., the downstream sensor of FIGURE 1). The
25 controller at step 92, can compare the current
pressure reading to one or more previous pressure
readings to determine the fluctuation in the pressure
sensor. If the fluctuation falls outside of a preset
range, as determined at step 93, the controller, at
30 step 94 can generate an alarm. The alarm can be an
email notification, an audible alarm, a visual alarm

or any other notification of an error condition known
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In this enbodi nent of the p#esent invention, the
controller can calculate the flow rate according to a
parti cuI ar node of operation (e.g., according to step
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element), a pressure sensor 108 upstream of pressure
loss element 106 (referred to as the “upstream
pressure sensor”) for sensing an upstream pressure, a
pressure sensor 110 downstream of pressure loss
element 106 (referred to as the “downstream pressure
sensor”) for sensing a downstream pressure, a
controller 112 for generating a valve control signal,
and a valve 114 (e.g., a throttling gate valve, a
poppet valve, a butterfly valve, a pneumatically
driven valve or other valve known in the art)
responsive to the valve control signal to regulate
fluid flow.

Upstream pressure sensor 108 and downstream
pressure sensor 110 can be capacitance type,
piezoresitive type, a transducer or other type of
pressure sensor known in the art. Controller 112 can
be doupled to upstream pressure sensor 108, downstream

pressure sensor 110 and valve 114 via, for example,
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nmeasurenents of the sensors do not fluctuate outside

of a desired range. For exanple, if the upstream
WPe@sSH8Ne sensors neasures .75 psi and the dowGST/DSBNG/004276

pressure sensor neasures .25 psi during a dispense

process, the controller can be configured to generate

an alarmif the downstream sensor reads outside of +/-
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flowrate_ (e.g., 50% t he cal cul at.ed.val . FIGJRE .
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The @larabgpn Per@lve 114, the pressure at downstream

pressure sensor 110 may fluctuate, due to changes in
valve 114. Therefore, to determine if the downstream
system has changed and recalibration is necessary, a
third sensor can be added downstream of valve 114. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the third
sensor and, if the fluctuations are too great, can
generate an alarm. In another embodiment, the valve
position can be monitored. If the valve position
changes by greater than a predetermined amount, the
controller can generate an alarm.

FIGURE 7 is a diagrammatic representation of a
flow control device 700, according to one embodiment
of the present invention. Flow control device 700 can
include an inlet 702 for receiving a flow, an outlet
704 for directing a flow to other components of a flow
system, a pressure sensor 708, a cohtroller 712, which

can include processors, memories and software



emai | notification, an audible alarm a visual alarm
or any other notification of an error condition
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repeated. The nonitoring préecess of FIGURE 5 can be
i npl enented as a set of conputer instructions in any
flow control device capable of executing conputer

insﬁﬁ%@?%?%ﬁ&ﬂgifé&r@%téiﬂiﬁ§ggt9 hawacentkoh-ate and/or
devi ces that provide nultiple nbde flow control as
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canpuft¢ldidel pnrd el 40gnéanateecelvyngravehowalar or other
outlet 104 for directing a flow to other conponents of
a f VeWVSy M al Hreleurt| FESRAEHER Hoetie. pplvafontrol

orifj;ee pl ate. . %@¢£tgi§nggrfgggg, a constricted area

or other pressur oss elenent) , a pressure sensor
108 upst ressoireressace V08scehebentabdé iteeicer taweto
as the "upstream ressurggsen for sensin

s PREAT AR BECtr e, T 8Pnt cE5aP BREREor VPO ChoR e ek esr OF

Pr esW=as 1 05Ss€h £9BNkndRE (hetrer edtlo ahel pdrtions of
"downstream pressure sensor") for sensing a downstream
pr eSSt Cam cRFE PBVF8r S¢190F o O§eREPRSIENY t& ey £1uid

Contfl%' ﬂc_gnl?ijlro&gﬁ flgﬁl ¥8n11:1él( @ieg'fi'cea 7oty Ut ifag
gat e 'val've; a poppet valve, a butterfly valve, a
pneuwsiriced1yy diheeh watwerespetherovalhee dnowhn in the

t [ th | t | i | t
R e THE 71 uEatpber EQHPPEs S & Samuge 75T 708

downsld M ve 714 via, for example, electrical
connections. The valve can include a valve drive
having components, such as microcontrollers, to
process the valve control signal and open or close
valve 714 in response to the valve control signal.

A fluid (gas or liquid) can enter flow control
device 700 at inlet 702, pass through valve 704 and
exit flow control device 700 at outlet 704. Pressure
sensor 708 can generate pressure signal 716, which can
be a digital or analog signal that represents the
pressure measurements at pressure sensor 708.

Controller 712, using, for example, software
instructions stored on a computer readable medium, can
generate valve control signal 720 to open or close
valve 714 to achieve a desired flow rate based on the
pressure measured by pressure sensor 708. According
to one embodiment, controller 702, can calculate the
flow rate based on the pressuré measured at a single

flow sensor.
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be coupl ed to upstream preg8ure sensor 108, downstream
pressure sensor 110 and valve 114 via, for
exanpl e, el ectrical connections. Al though not shown for
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be mopitoned. |k, kRE %ﬁiWﬁrﬂQSéélﬂﬂréﬁﬁﬁﬂescBn%roller 702
greater than a predeterm ned anount, the
can generate valve control 51gnal 720 responsive to a

pressure signal from a particular sensor (e.g., sensor
708) to regulate the fluid flow rate.

FIGURE 8 is a diagrammatic representation of
another embodiment of a flow control device 800. Flow
control device 800 can include an inlet 802 for
receiving a flow, an outlet 804 for directing a flow
to other components of a flow system a pressure sensor
810 for sensing a pressure, a controller 812 for
generating a valve control signal, and a valve 814
(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the wvalve control
signal to regulate fluid flow.

Pressure sensor 810 can be capacitance type,
piezoresitive type, a transducer or other type of
pressure sensor known in the art. Controller 812 can

be coupled to pressure sensor 810 and valve 814 via,



controller can generate an alarm FIGURE 7 is a
di agrammatic representation of a flow control device
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invention. Flow control dewsce 700 can include an
inlet 702 for receiving a flow, an outlet 704 for
directing a flow to other conponents of a flow system
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sensor 708, and valve 714 via, for exanple, electrica
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Therefore, to determine if the downstream system has
changed and recalibration is necessary, an additional
sensor can be added downstream of valve 814. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the
additional sensor and, if the fluctuations are too
great, can generate an alarm. In another embodiment,
the valve position can be monitored. If the valve
position changes by greater than a predetermined
amount, the controller can generate an alarm.

Figure 9 is a f£low chart illustrating one
embodiment of method for flow control using a single
sensor. The method of FIGURE 9 can be implemented by a
controller having one or more processors executing a
set of computer instructions (e.g., a software
program) stored on a computer readable medium. The
controller can use a number of input parameters in

generating a control signal including in situ flow



sensor 708 can generate pressure signal 716, which can
be a digital or analog signal that represents the
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Controller 712, using, for2&xanple, software
i nstructions stored on a conputer readabl e nedium can
generate valve control signal 720 to open or close

val gglﬂ)ﬂ‘attpi_oﬁcgégéﬁe@eg%si§(f4d. flqys rﬂ{&g“l@?@gaﬁ@téf§ can

pressure neasur y pressure sensor 7 ccording to
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calibrating flow control device 700 to account for

pr eslouns tresge S roausde Byl corponerel doWheerealopffect
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D eSS shanal. (rom e partculor sensgr (80051, 998°%,

di agriameiGitaR eseiat i1 Of 1ow rate calculated from a
particular pressure sensor. Therefore, a flow control
device can be recalibrated after installation to
establish in situ flow calibration parameters 904 that
account for downstream devices. The in situ |
calibration can be done, for example, by manually
entering system specific values or by an automated
software controlled device routine. Because the
controller will typically determine the flow rate
based on the pressure at a particular sensor at lower
flow rates, parameters 904 can be established, in one
embodiment of the present invention, based on laminar
flow of a fluid through the fluid control device. As
long as the flow rate corresponds to laminar flow,
compensation for fluid viscosity and downstream
pressure loses requires only an offset value to be
used as the in situ f£low calibration parameter 904.

The contfoller, at step 910, can receive a .

pressure measurement from a pressure sensor. At step
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anot her enbodi ment of a flow control device 800. Flow
control device 800 can include an inlet 802 for

wo emeiositng a flow, an outlet 804 for directi ngp@r/UEm05/004276

to other conponents of a fBow system a pressure sensor
810 for sensing a pressure, a controller 812 for
generating a valve control signal, and a val ve 814

(e. 912 %Lgrgbhkkegleétéaﬂ%é@iﬁ RARREtE 1Al V&1 ration
butterfly val've, a pneumatically driven valve or other
val perkmewarsn90hetar tytemspoasihe tfdowhgaksl ve This can
control sign ate f

I . I ' .
oL OhoSh Bk HROU 2, Lkl O OSSR 5500 ron

resitive type,
trapsddcgLsel B8hher stypee OprpESEEHN € iSRS kNadMparing
the art. Controller 812 can be coupled to pressure
sensbe BOSHAEIVRFGESBIE (Padfeplé I®On qucts iehl flow

con IO ho wn: 0
R A P L T A
contpbakkeil18t2prpoessur eospnser 846 dmid e/ aladi 814,

Val ve 814 can further inclu conponents, such as
nicPSE@ﬁFFBﬁPe ¥,298 ﬁPBgﬁggE?ﬁg'valve control signa
and opentge ehoseotiheryakb¥estepponsi vedo ddioadd Vehe

control signal. Fluid control device 800 is simlar to
fl ucdleuAeteld davicaareotef aFFeREAEceptt thae fhew rate

pressure n kS c d st | v
P ERST B3Ee SHrta Rt ot RO (SRR el SR IR e step
8, besausanpressuletsennoerdd@ jaidowestedam ofheapvessure
814, the pressuyre at domnstreampressug(%h ensor 810

may SFolc fuPE TS SREMNGEs | AtVEIVE FefgRErotller
to detetiRe df thie dowrstheamesy strenatdbog valve control

signal and communicate the valve control signal to a
valve. The steps of FIGURE 9 can be arbitrarily
repeated as needed or desired. Additionally, it should
be noted that control can occur based on a PI control
routine, PID control routine or other control routine.

Thus, a flow control device with a single
pressure sensor can control flow in the same manner as
a flow control device having multiple sensors
operating according to a mode of operation for
controlling flow using a single sensor. The single
pressure sensor flow controller can also include
capabilities for monitoring fluctuations in pressure
measurements at the single sensor (or other sensor) or
fluctuations in valve position to generate alarms that
may indicate a change in downstream pressure.

As described above, the flow rate can be
calculated based on the pressure reading from a single

sensor by calibrating the flow control device at



changed and recalibration is necessary, an additional
sensor can be added downstream of valve 814. A's

waele®siostied in conjunction with FIGURE 5, the cpa/Dsiob&004276
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can nonitor the fluctuatiods in pressure at the
addi tional sensor and, if the fluctuations are too
great, can generate an alarm |n another enbodi nent,

theiﬁgkgglﬁeﬁbhiegy&éEOQﬁtn?B&IQ%%Qpﬂés§d¥%}6& caused

position changes greater than a predeterm ne
anobyt dowhetceanr cbhpprneahsgendrfattédreardcairegtmedsi gure 9

is aflowchart illustrating one e i ment_ of t hod
forCfDF‘B\?/nt?BEtsr gihe g?hg!’cgesfggluér? sogf?f.s éna%tafr;fg)saoo f
FI GJREngecanThesi aphesentied: By nawC ajiilyiold efs hiavd el D,
or nore processors_executing a set of conputer ,

i nsthectilons cPBEEOL BRaEf LareVindografO St Prietfhnt Bl ter
COMBULEhseadabl e aBd) UL The (NI IRl EAlMSE G o
nunber “of i Nput paraméters I n generating a contro

si grdlspenckudirngesn sict anfyl owdadr rvatritore pauasetisr’s can

904. The input paraneters.can be red on a conputer
 endiE e OdPUREREOE. FeRAMT IR T |
deviceaphedlBeEha Byt 8hel gadab|R R UNKNOWEH od he

art) . In situ flow calibration paranmeters 904 can
i nclrede phraivedets eaceunat @1 shangng tituile ¢vowrll

contrql devi.ce ba i al | _at.i if
R
cal bler atddartegar.ameters reflect the fact that devices

downstream (Lomihe fLovaonil devies sl ol egtor

thi smrdhavgihigt bl 8 1akfieckeondd oM r@d®sndent on the
downstream pressure drop with repeatability generally
increasing as the downstream pressure drop increases.
If the downstream pressure drop in a particular in
situ configuration is insufficilent to produce adequate
repeatability, additional tubing, such as coils, can
be added downstream of the pressure sensor to increase
the downstream pressure drop and increase
repeatability.

While the present invention has been described
with reference to particular embodiments, it should be
understood that the embodiments are illustrative and
that the scope of the invention is not limited to
these embodiments. Many wvariations, modifications,
additions and improvements to the embodiments
described above are possible. It is contemplated that
these variations, modifications, additions and
improvements fall within the scope of the invention as

detailed in the following claims.



cal cul ated based on a pressure differential, it can
significantly affect the flowrate calculated froma

w@20osiogubar pressure sensor. Therefore, a fl owCDn$200$/004276
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device can be recalibrated3after installation to
establish in situ flow calibration paraneters 904 that
account for downstream devices. The in situ
CalWEh?ttgncﬁﬂ@MEB gg for exanple, by manually

ent ertng byblcﬂlprLIIIC val ues or by an aut omat ed

sof t war elcoat fdbledodévide devdteneomBeéalis@ 1 he
controller w typically determne the flowrate
based onaPhénb?ESsure at a particular sensor at |ower

flow ratgs, opanareter $1964 cammbeiestabhi shedh thﬂe onglet ;
enbodi nent of the present invention, based on | am nar

flow of & PreFEULhr 3068 EAETERG BeE¥REFoFRdeViRkST poRd
| ong a5 1hg . f QﬂﬁPaE%gﬁﬁﬁr%%Qg%%ﬁwﬁghl@anQﬁlfé@ménd
conpensati on lurd viscosity and downstream
pressuretl;oses requires only an offset val ue to be

used as the,in situ flow calibrati ranet.er
The cont fof e B eseu S0 2T 0k Eeh e R T BRTlr Brom the

asiH-emRMe LA 3 1RHRSSUIRNFANSAed Ao sbendide &dheirst
con roller can use in situ flow calibration garaneters

904 pre sgetrer mifna fAeid dwawdng thicsodaibse Hbpe control
acc%{dl%% to any schene for calculating a flow rate
bas&d ‘on 4 singl e pressure, including conparing the
neasuredap@@&ﬁﬂkﬁpm@gsund|danﬂonniammbad«ﬁowmammeameﬁrom
(stored for exanple, i.n the nenor controll er
SRS SRl SRR T

fgntsre@dn%f boresHE CHH rld afLuidf SiRRnYl4nh £8AgEORRAr €1low
e

control device; and

a controller coupled to the first pressure sensor
and the second pressure sensor, the controller
configured to:

operate according to a first mode of
operation, wherein during the first mode of operation
the controller generates a valve control signal based
on a differential between the first pressure and the
second pressure;

operate according to a second mode of
operation, wherein during the second mode of operation
the controller generates the valve control signal
based on a measured pressure at a particular pressure
sensor; and

switch between the first mode of operation
and the second mode of operation according to a

predefined parameter.



calculated flowrate to a set point. If the flowrate
does not equal the set point, trie controller, at step

w@1®5/08Hmm cal cul ate an error gain based on theP@I/ESH05/@4276

10

15

20

25

30

froma particular sensor. A8 s~tep 918, the controller
can convert the error gain to an anal og val ve contro
signal and communi cate the valve control signhal to a

val ve. The skgps ¢9h,FLGHRECY @aYibe 8EDELRAN 1, further
repeated as needed or desired. Additionally, it should

be nompdithaty eontlvke caspovedrebasetihenvalMe cotyunl
routine, _PLD control .routine or,_other_gontrol r.out.i
Thu§}g§aﬁlgﬁpégﬁgrgﬁty§§chgﬁi%Hgggsﬁﬁélg’6?é§§§%%;rg%d

sensgiptan ¢enthel cbhewoilnetthe same nanner as a fl ow
controF devi ce having nmultiple sensors operating
according to a node o f operation for controlling flow

using a §i.N0'EeSEARY colliecdi AGle Br 8FSENG8eNSOryild in,
controller: can also include capabilities for

noniitotiheg skkcovatuatidens fi pppressone fbasgraarem sl e

t he single sensor r other s nsor% r. fluctuations in
v
E]teo ﬁ‘g 4

val PERSE& S0k & &CRTEPAr e 9PRAL P At cate a

chapge s HOWISRA RIEIH epsArsadeperiiat aboyvesor.
the flow rate can be cal cul ated based on the pressure
reading froma single sensor by calibrating the flow

control qieVi C.[%eatf.l%%vt aclbén%goq_n dte%i%%(:%lfm(:lfapfmtf,e \?(he]rjein,
pressure drops caused by downstream conponents. It the
dowdst reemsearpehetids: chfangeratthen:, edier exbrof feklermay

al so change. This can occur_ if new tubin
e EANSEAT & T ohe Gl GRRETRE £ iR Ao pared on the
downsiyeand iddelsHec e Hee ddunitedan @asesdwhbé Ngensor.
shifts during a
5. The flow control device of Claim 1, wherein
the predefined parameter comprises a pressure

differential threshold.

6. The flow control device of Claim 5, wherein
the controller is further configured to:

determine the differential between the first
pressure and the second pressure;

compare the differential to the pressure
differential threshold; and

operate according to the first mode of operation
if the differential between the first pressure and the
second pressure is greater than the pressure

differential threshold.

7. The flow control device of Claim 5, wherein

the controller is further configured to:
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di spense process or any other event occurs that can

af fect the sensor readings. If the downstream
w@ovpossd s change, the flow control unit can PEI/US2005/004276

recal i brated to account foB4changes in the overal

system (i.e., the in- situ calibration paraneters can

be updated) . It should be noted that the

repeat abi i1 ¥, Qi n£OPLE O 1 HEL PEN 81 81 NGLEwSEASORel Bi rst
dependent on the downstream pressure drop with

r epeatabitéet gngeheeabbgonacpeasfngeas t he downstream
pressure dfgggeng eaafffe£§n£§§1d9$ﬂéﬁ eAULpLEsSUr @

drop in §° 'n~sTtu confrgura

lnséitfér@ﬁtlhm produnel agegnat e repeatability,
addi tional tubing, such as coi]ls, can

agded :
domnstre@ﬁ?éﬁt?héCEPégéﬁgetgeﬁgﬁrS?SO? cW@ SeCfhgPeration

downgt opefdehnengasersepgatabiiket und th
m€§ Eﬁgn%?ggéﬁgﬁﬁﬁggngfgﬂ ﬁas been ﬁescﬁlbed Wi t I1n ©

ref eeennd poepanteclibateesbblipnehhs, presshoel dipéerential
undgkstogd that the enbodinents are illustrative and

t hat“FRE"8¢8pe of the invention is not linited to

t hese enbodi ments. Many vari ations, nodifications,

addi tions and i nprovenents to the enbodlnents
descri bef-abBh€ ArevpESBLEPe. IPVIFS eonféaplaledVirfiein

thegg.vap h%EI?E%F ngEEEEﬂEkoﬁénf§QQEEHOQ% 2adculate the

i mprovenent’s I'n the scope of the invention as
det airkedure thd¢feokhowangtbirashe lWHAZsES ChRAKLRED | S :

= élffere%%qgﬁ %e %%E%et%%”% Egkn%ressurglgkd the second

pressure, a supply pressure and a valve position.

9. The flow control device of Claim 1, wherein
the controller is further configured to:

monitor the first or second sensor for a
fluctuation; and

if the fluctuation is greater than a

predetermined amount, generate an alarm.

10. The flow control device of Claim 1, wherein
the controller is further configured to:

monitor a valve for a change in valve position;
and

if the change in valve position is greatexr than a

predetermined amount, generate an alarm.



an outlet in fluid communication with the inlet; a
pressure | oss el enent between the inlet and outlet in

wo kaosdsaemuni cati on with the nlet and outl et ; PEI/TI8208%/004276
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pressure sensor |ocated upsfreamfromthe pressure
| oss el ement configured to measure a first pressure of
a fluid flowing through the flow control device; a

second p{fssyréoﬁ§@§@£ b@&g t & 99&8§&£eé8m§f9§1ﬁ@6
pressure | 0SS el enent con |gure t o neasure a second
pressureao$eth@ff¢gmgutebmﬁm§t¥%®byghsth%0¥$@mp%oﬂ¥rb$35t

d d { d
Senatt AP ERE: SbLBE bF cLOT 4TS BAGR " hS Shntr ol For

con&hguﬁﬁgcé9so§p66ate according to a first node of
operation, wherein during the first _node of operation
t he contF%F?é?eg@n@?éﬁé§e%695l9@ gohtFBF EF@ﬁgPrBased

on a differential hetwsesnthe Efrétsgﬁéﬁéuﬁﬁeéggréhe

second pressure; operate according to a second node of
oper at i onpenheeebncduding theasétoat mode of eperation:
the control|er ener tes.th

bas¥BSHRIR 35 PEgy ?55%8? 3F%¥8ngonké0|xghggggle o

a par ICU ar pressure

sensgl cu@Bdesw Fthwbetweenakha bhr at divderehtoper betwsen
and the second node of operation according to a
pr etibti fidgspapapesare2andThbef PEFRPRINPFEFSHEST ce of

Caiml EHEEQ%E according to a second mode of operation,
wherein the computer instructions are operable to
calculate the flow rate based on a measured pressure
at a particular pressure sensor; and

switch between the first mode of operation and
the second mode of operation according to a predefined

parameter.

12. The computer program product of Claim 11,
wherein, in the second mode of operation, the set of
computer instructions are executable to calculate the
flow rate based on the measurement of the second

pressure recelved from a downstream pressure sSensor.

13. The computer program product of Claim 11,
wherein, in the second mode of operation, the set of
computer instructions are executable to calculate the
flow rate from the measurement of the first pressure

from an upstream pressure sensor.



conprising a valve responsive to the valve contro
signal |ocated between the inlet and the outlet and

weowplgdeds o the controller. 3. The fl ow contr oPCTHES1008004276
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of aiml, wherein, in théésecond node of operation,
the controller generates the valve control signa
based on the neasured pressure at the upstream

pressure; gensefe dompheck! gPogoahr plodert cerot1&imi m,
1, wherein, in the second node of operation, the

convhereéen gemepaedefihedvRRryanebatr 6PMBE§RAF BaBEASDALS
t he sured. pressur t he downstream pressure
E2SyLR), LeEBLEe Bl

seng ow control device of daiml1, wherein
the predefined paraneter conprises a pressure

differential threshold. 6. The fl ow cqontrol _deyi ce of
Cl ai m 5, 1&ker €A FHQPBSﬁFrBFPQFaWspFaaPﬁgrOéoﬁi?@ﬂrgé'

to: fdeter i peet hepdikEer entsi-al,cbebweenrthexbiusbble to:
pressure and the second pressure; conpare the

di f f er ent Hatetwinketpeesdfiferdntialehetabenhtbshdigst

and operate ac&g%gin% Ep t.he f%gs%eqnde of operation
i f PheSEHfPefBfit TP BECREENPERESHI Tét pressure and the

second pregsHie ikbeguedtrerrenitanlt ke phespueesure
differential threshold. 7 . The flow control device of

C aPfSerahétailn thFesberdGioPPér is further configured

tO:deter%g%gaEQeAQJUEauﬁy'Ey thet weent hedll b3t operation

pressure and the second’ ressure; conpare the

di f figr ehki ali fiferehé iprlesstmeen the first pressure and the
second pressure is greater than the pressure

differential threshold.

16. The computer program product of Claim 14,
wherein the set of computer instructions are
executable to:

determine the differential between the first
pressure and the second pressure;

compare the differential to the pressure
differential threshold; and

operate according to the second mode of operation
if the differential between the first pressure and the
second pressure is less than the pressure differential

threshold.

17. The computer program product of Claim 14,
wherein the set of computer instructions are
executable to calculate the pressure differential

threshold bésed on the differential between the first
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differential threshold; and operate according to the
second node of operation if the differential between

W@ b®s08ried pressure and the second pressure i SPCBEES2005/004276
than the pressure differenBval threshold. 8. The flow
control device of Claim5, wtierein the controller is
further configured to cal cul ate the pressure
d'%£§£§ﬁ£%ag hhegshabdohasgde98utbe Q'Eﬁgﬁﬁﬁ}'ﬁ&essure
between the First pressure and the second preessure, a
suppliyapredsear poahtiianval ve position. 9. The flow
control device of Claim1l, wherein the controller is
further configured to: nonitor the first or second
sensor figr arhkuebiptiten; pasgrih phedbibictamtcoainsll,
greater than a predeterm ned anpount, generate an
al uhareip. thRe SPFoRLcERTPEFCHetREETBF &M Are Turther
-m@ggghgagﬁg ggntroller is further configured to:
nonitor a valve for a change in valve postion; and if
t he chamgeiikprval peepesicei eanssrgfeat ei rElheabuation; and

pr edet er m ned unt, ~generate_an_ _al a 11. A conputer
progranﬁglagﬁc%qggﬁﬁPF PRy Sa958E5F E#Eﬁt%r

I NsLEHetLeRS nsoLadueR  acheasteona eorprher readabl e
medi um execut abl e by at | east one processor to:

recei ve a neasurenent of a first pressure; receive a
MeasUr eARNl 3heA SAEANAPLERYULE pRRBLELE GECCILIAYLLY
a first node of operation
wherein the set of computer instructions are further
executable to:
monitor a valve for a change in valve position;
and

if the change in valve position is greater than a

predetermined amount, generate an alarm.



w0 b@s08ried pressure and the second pressure;

10

15

20

25

30

wherein the conputer instructions are executable to
calculate a flow rate based on a differential between
ORET/HEW05/004276
according to a second node3®f operation, wherein the
conmputer instructions are operable to calculate the
flow rate based on a neasured pressure at a particul ar
pr essur e;5engofoca0d sy Loflcbetuesn Ehey! Lbibriodeqof
operation an the second node of operati on according

to a predefinedaparangter 112t Thesevmput er program
product of Claim11l, wherein, i,n_the second node of
operation, thBeEEHEL"E BonphtBY PASEPUEET ons are

execut abl e tojgahcuylake hbaef bewopatatbhasedgenetheing a
measur ement of the second pressure received froma
downalveamoptesdupégsansbpsedl1gn TheldSRpernér-2pr BEFYRPD
progH%FfQEs gkgkéhréhﬁha'Ehe'EeEBﬁdsg%gggu&%qe of
operati on, 'the set o f conputer instructions are
execut abl e t oinakcekabedt medtl oW pateaftriom,t lgenerating
measurenent of the first gaggsur from an _upstr.eam

pr e§86r ¥2d¥Rs6PREECLTRETE £8P Yo Py PafePdast PoFSsure

dabm L1p.whekennrt becBkadel kaadoRgr anet er conprises a
pressure differential threshold. 15. The conputer

progr am pr odusWisthdngi ketweephehei & imwe ©dr
i nstructions C .d L0 ts :
' PRRERECAR PEPnEss EREBHE, bRuslBeBddac ot socording

pr essuie pregryFaned e rdivkferential to the pressure
differential threshold; and
21. The method of Claim 20, further comprising
opening or closing a valve responsive to the valve

control signal.

22. The method of Claim 20, wherein generating
the valve control signal based on the measured
pressure at a particular pressure sensor comprises
generating the valve control signal based on the

measured pressure at a upstream pressure Sensor.

23. The method of Claim 20, wherein generating
the valve control signal based on the measured
pressure at a particular pressure sensor comprises
generating the valve control signal based on the

measured pressure at a downstream pressure sensor,

24 . The method of Claim 20, wherein the
ﬁredefined parameter comprises a pressﬁre differential

threshold.
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operate according to the first node of operation if
the differential between the first pressure and the

differential threshold. 1639The conputer program
product of Cl aim 14, wherein the set of conputer
i nstructions are executable to: determ ne the
differential BRLUREBNLACOE! ESh iR 635 UEG 8AL ! BEnBOEaNdy:
pressure; conpare the dl? erential to the pressure
di f f er ent datetrhieshgl dheandffperaté adcberdicrny tbet hérst
second node of operation if _the differential between
thepF?F§PrﬁrégguggeaﬁSCPHg B&ESREpressure is |ess
than thec-prpgsstihg dhkf aiefbirahttibnesiokte pZesibee
conput er program product of C aim 14, wherein the set
of edfperentindt theerdaddar @néixecutabl e to cal cul ate
the pressur Lffer Lal threshel d d t
differen?ﬁg?agégﬁégﬁgk ghpbré?p?ggé&?gégngggﬁeggecond
pr espuetretianstfplthepdesserendric la bediweenp abiet ifdmst18.
The conputer program product of Claim11l, wherein_th
setp6PS§8ﬁﬁu?gP % FﬁEPP%oﬁ§e§P@IFUﬁFh9Fe§§§5uF§8Pe%he
t o JrRRLLRE AiRFRISHEE a3erRsPeshyid fluctuation; and
i f Fhe fluctuation is greater thian a predeterm ned
anount, generate an alarm 19. The conputer program
product gf O G dlenlerel B1the A, HuWRURhprising:
instructions are further

determining the differential between the first

pressure and the second pressure;

comparing the differential to the pressure
differential threshold; and

operating according to the second mode of
operation if the differential between the first
pressure and the second pressure is less than the

pressure differential threshold.

27. The method of Claim 24, further comprising

calculating the pressure differential threshold based

on the differential between the first pressure and the

second pressure, a supply pressure and a valve

position.

28. Method of Claim 20, further comprising:

monitoring the second sensor for a fluctuation;
and

if the fluctuation is greater than a

predetermined amount, generating an alarm.



executable to: nonitor a valve for a change in valve

position; and if the change in valve position is
w@e@angried han a predeterm ned anount, gener at ePEIUS2005/004276

alarm 20. A nmethod of contd®lling flow conprising:

measuring a first pressure; nmeasuring a second

pressure; in a first node of operation, generating a

val ve copgrolpgi gRatnbased OTuandpd f erepthal Setyeeding:

the first pressure and the second pressure; in a

second rmoelobrbperat vahve gepet bt ¢hgt ehed vallyeI@ oh reRlve

siggal.gaseq on,a measured pressure at a particul ar

St et LehsdFT and switching between the first node

of oper ai f oph@nehihge seondl vedeoof t Dper &g i gneater than a

according to a predefined paraneter. 21._ The method of

d dPhedeteFniRAdr 2RBWRE i sPRECEPEMRAGPBratfting a

val ve responsive to the valve control signal. 22. The

met hod of C aim 20, wherein generating the valve

control signal based on the nmeasured pressure at a

particul ar pressure sensor conprises generating the

val ve control signal based on the neasured pressure at

a upstream pressure sensor. 23. The nethod of O aim

20, wherein generating the valve control signal based

on the neasured pressure at a particul ar pressure

sensor conprises generating the valve control signa

based on the
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measured pressure at a downstream pressure sensor, 24.
The nmethod of C aim 20, wherein the predefined

w@aooanetiey conprises a pressure differential PCT/US2005/004276

t hreshol d. 25. The nethod o#1C ai m 24, further
conprising: determning the differential between the
first pressure and the second pressure; conparing the
di f ferendd al» t oo e PF 65844 ﬁhﬁﬂ%ﬁéﬂ&%ﬁlé6m§f&§§ﬂ@|£ ;set
and operatlng according to the Tirst node of operation
i f cmeccdn;ﬁmee:enimaﬁrtbé‘wm sheréd ren pkebsrPe @M t he

d I t
o rrarahire R sl iR T Ao oo e 24

f ur{hef reonpsnsi @Qecxﬂ@ilﬁlén]@y n@tth@aﬁtfém eptoakssor to:
between the first pressure and the second pressure,
conpar i NECEREV i PFRTEHES AN RDUFFRSBF 8sEhPR @ Sensor;
differe r gording to the
second %@%%Pog%%]g%?%%@?e?{ﬁ%%ﬁ%?gﬁt| al between
thefimcsmapressure and the second pressure is |ess
than the ressur erential_threshgl NI
met hod o? 3?%1 %L??E%?é%%ﬁpg?s?nﬁr%% %%F%gF§% tHETs
pressurelﬂ'tﬁérﬁmﬁt@uatbéﬁshg|Qrbaﬁéﬁ @hahhehe
differential between the first pressure and the second
pr essedetenmsnppl yiptbsstpreaAbCa2PaP@Bosi ti on. 28.
Met hod of O aim 20, further conprising: nonitoring the
second sensor for a fluctuation;

31. The computer program product of Claim 30,

wherein the sensor is a sensor downstream of a

pressure loss element.

32. The computer program product of Claim 30,

wherein the sensor is a sensor downstream of a valve.
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and if the fluctuation is greater than a predeterm ned
anount, generating an alarm 29. The nethod of C aim

wQ@ososrsher conprising: nonitoring a val ve poBRCT/US2IV05/004276

for a change in valve posi#2on; and if the change in
val ve position is greater than a predeterm ned anount,
generating an alarm 30. A conputer program product

conprisi gy a getoRbutOAPYLEhrhAShrdatitensonbi edngnaaket
| east one conputer readabl e nmedium the set of
conpéit epmpnser utt$ongcekenat abpeePyont akedgasenane

processo to;. receive ur r a
DenSorehah For s proaEiie Suderbngh soppREay
fl uehyati,eniosonpreeut Aplel bot vat ieastooae processor to:

predetermned limt; if the fluctuatign i S ﬂreat%r
t han t herBFEdEEeRrTri RBATFPAMt PT§ERELSt 78R &FaPhit3E3™

The .cQUBYL €L REQQr AR PLAEHCHFOE Chais®,3Q, 1vBer el Bmbhe ;

sensor 1S a sensor downstream of "a pressure | oss
el enent . r82eiTheacdapusérepmogramspréd ieR Soreteatmigon a

wherein the sensor.is_a _sensor .downstr Qf a
vaI98W§§%rﬂa@oﬁ%u%g? BFSSF&ﬁFp%ggﬁc%lgg%gFVsing a set
of conpuiehitBst BUCHOBS FeroBedadReaipdsaadbnene
conput er readabl e nedium the set of conp ggr
instruct@@ﬁ@r@%ééuﬁaéﬁgfﬁyeﬁﬁ1Péa§ﬁt&ﬁ@npﬁ RS
rec E%%S%Qeg9555gan1pressure froman upstream sensor

| ocated upstream of a pressure | oss elenent; receive a
downst r eamtpresser e weasucéneetsoflidrhon dowest o@athef

thed&%%%i%%%igasge%%%g%nkhe measured pressures, the valve

position and a valve resolution.

34. The computer program product of Claim 33,
wherein the set of computer instructions are further
executable to:

determine if the control resolution is
acceptable; '

if the control resolution is not acceptable,
generate a signal to cause the valve to change the
valve position to a new valve position that will
create a larger differential;

receive a new upstream pressure;

receive a new downstream pressure;

determine the larger differential based on the
new upstream pressure and the new downstream pressure;
and

determine a new control resolution based on the
larger differehtial, the new valve position and the

valve resolution.



nonitor a valve for a valve position; determne a
differential between the neasured pressures; and

wa@ledososiine a control resol uti on based on the PCT/US2005/004276
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differential between the ndasured pressures, the valve
position and a val ve resol ution. 34. The conputer
program product of Caim 33, wherein the set of
conmputer instructions are further executable to:
determine if the control resolution is acceptable; if
t he cont Bol r&bel gpmpntes popgzevepraghet généhaim &3,

S|gn to ca se t Ive to _cha Lv 0

o HBRERT AT U8 P65 PF oRRRUE=S tToLr aaFSYEs) §rBorbbthe:
dlfggé@ﬁtb@ﬂe Eecei ve a nem1upstrean1pressure receive
a new downstream pressure; determ ne hPe | ar ger
d|fferenﬁ?ﬁ?rﬁé§§d1§nthﬁecﬁ§%¢863FP§8 EF8§S&Fe and
the_pe g gwﬁétrean1pressure and determ ne a new
confrol "resol Uti on based on the | arger differential,
t he new vdl veeposihtiron ardoilngsival Ve resebtebde, 35elect

ot *OF BAGEEP ERL PC) O (876 F AFChBF SERACH: SBEE ToLd.

to: determine if the control resolution is acceptable;
if the control resolution is acceptable, select

36. The computer program product of Claim 33,
wherein the computer instructions are further
executable to switch between a first mode of operation
and a second mode of operation based on comparisons

subsequent differentials to the differential pressure

threshold.

37. The computer program product of Claim 33,
wherein the set of computer instructions are
executable to determine the control resolution by:

multiplying the differential as a percentage of a
full scale pressure by the valve position as a
percentage of how much the valve is open to generate;
and

multiplying by the valve resolution.



w0 b@sogrmut er i nstructions are further execut abtBUSIH05/004276
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the differential as a differential pressure threshold.
36. The conputer program product of C aim 33, wherein

switch between a first nodd4of operation and a second
node of operation based on conpari sons subsequent
differentials to the differential pressure threshold.
37. The ggnpatRE-REQIEEAPPLOgHgt of Caim 33, wherein
the set of conputer instructions are executable to

det er ni neecheveoat PoEsFese| DERBATEPENREI ErplyRAn§erREY/
differential _as.a p e ssure
by ¢ he. varpetoiiel SRECEEOE.EL ReataFeReRss, Boen i he
val yeukbsuepesnto generate; and nultiplying by the

val ve resol ution. 38, A _nethod conp%isinﬁ: re eivi.ngd
pressur eCABR&GFBAeRPS fLBATEELARB0FC AoRFEGFIRE™ LR
pregsL e . measur enent s for a fluctuation; conparing the
fluctuation to a predetermned limt; if the

fluctuat iénths glestertihanisherpré@st ERRNNERS init,
generating an_alarm .39. The t am pr oduct
of EF&gﬁF%§9lRﬁgrgﬁﬁl?hegggﬁggggﬁg gksggggb'downstream
of a pressure | oss elenent. 40. The conputer program
product of Claim 38, wherein the sensor is sensor
downst r eaf- of TRey SOPOULET RTOGABHt BF OFMEGr & ﬁﬁ@&ﬂbéB’

g?nﬁéggkqg:tﬁeS%%n%%qugp%t%%n%%§tG%QB%QQ%a%FQﬁﬁ@.On

pressure loss element.

40. The computer program product of Claim 38,

wherein the sensor is a sensor downstream of a wvalve.



one conputer readabl e nmedi um executabl e by at | east
one processor to: receive a neasurenent of a first

wWEe@sosre) receive a neasurement of a second pPERBES/003/004276
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operate according to a firgf node of operation,
wherein the conputer instructions are executable to
generate a val ve control signal based on a

di fferentjal Abectag&eﬁé@gnfdgd second @Cg}lg%f%%regecond

pressure; operate accor
operati org smiercel rccnmttanmutaétruqtsncmﬂ:tsmnsecarcm at least

o A AN e A o JE L e B EUSh k aor

and sy tohhefamenrd:he first node of operation and the
second node of operation according to a predefined
par amet erteRE VeT e REFAFHIREBICIHr G o DrioTuRTDFSETX m

41, wher el gL the,secand, pde, of, aperald o dhe-set

of conputer 1 nstructions are executable to generate
the val veopardirolasigrEindased oni the meds us Enepdrafion,
theé}g{ﬁond pr.essur e recel ve from a downstream

pre Nt CAP IR S Prd g Em %’f%%*{:tblo? to
C aigaklsa el ejdlvd nediher SECONshddss 4 opgrat i on,

t he set of conputer instructions are executable to
genetiafeendret il e totrrn othsifghzst feees $hee nees uklerescond

of ts&e 444 rsérhpr essure from an upstream pressure
sen 4. e conput er program product of Caim4l,
wher ei n tdee prtededdaet ey arneters aoogpd | sede ao PresstHeion,
wherein the computer instructions are operable to
generate the valve control signal based on a measured
pressure at a particular pressure sensor; and

switch between the first mode of operation and

the second mode of operation according to a predefined

parameter.

42. The computer program product of Claim 41,
wherein, in the second mode of operation, the set of
computer instructions are executable to generate the
valve control signal based on the measurement of the
second pressure received from a downstream pressure

sensor.

43. The computer program product of Claim 41,
wherein, in the second mode of operation[ the set of
computer instructions are executable to generate the
valve control signal from the measurement of the first

pressure from an upstream pressure sensor.



differential threshold. 45. The conputer program
product of C aim 44, wherein the conputer instructions

w@e@segsaeut abl e to: determ ne the differenti al POBUSZNEF004276
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the first pressure and thed4second pressure; conpare
the differential to the pressure differential
t hreshol d; and operate according to the first node of

operation f the dddfeieit iglofegandha fdef Hiain 41,
pressure and the second pressure is greater than the
pr esswere idi fifher emede £ itrtacegieslathe 48, ComPiGmsutaerPressure

pr ogy. roduct, qof d ai 4, wherein the set of
con‘g{i%gg%eﬁg&%?ﬁ%esse}?ﬁﬁexecut able to: deternine the
differential between the first pressure and the second
pressure; conpare the differential to the pressure

di fferentdal tHie IRt &h PR PRITWiHg TR ihet 4/
secopd mde 19e ﬁﬂ%ﬁ%uéﬁsﬂfﬁhﬁﬁéﬁé”éygiéﬂe AR to:

the Tirst pressure an e second pressure is |less

than t he pressurisditfferdintieatertthiralsiotdicaty. tifhefirst

conput er reo. ra ﬁioduct of aiml13, wherein the set
[ r

of & i DHEH Ut Hbl e to cal cul ate

the pressignphd fiafenii ffetdresdiol b base b s diee
differential between the firstpressure and the second
pr essifrfee rentsiip| yhpreesife a val ve position. 48.

The Com%peérﬂé)ge(@égf&%%o orfhéj ﬂf@i‘f"]mode of operation

if the differential between the first pressure and the
second pressure is greater than the pressure

differential threshold.

46. The computer program product of Claim 44,
wherein the set of computer instructions are
executable to:

determine the differential between the first
pressure and the second pressure;

compare the differential to the pressure
differential threshold; and

operate according to the second mode of operation
if the differential between the first pressure and the
second pressure is less than the pressure differential

threshold.

47. The computer program product of Claim 13,
wherein the set of computer instructions are
executable to calculate the pressure differential

threshold based on the differeﬁtial between the first



wherein the set of conputer instructions are further
executable to: nonitor a pressure sensor for a

wo basswsmse on; and if the fluctuation is great ePCT/Is2008004276
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15

predet erm ned anount, generate an alarm 49. The
conmput er program product of Caim4l, wherein the set
of conputer instructions are further executable to:
MONif, Qs MBI MR f@fe & LANIS iy Nalave ao%ﬁiﬁﬁl%ﬁ prd¥kfe
the change i n valve position is greater than

pr edetceranivedd campmaittiqgener ate an al ar m 50. A met hod

of nmonitoring flow conprising: neasuring a first
pressure; measuring a second pressure; in a first node
of operatdign, el eidhglitgr dFdgnt ardaseddCBin 41,
differential between the first pressure and the secon]n
presdgiein fhe slomf RRIEPWe oY T 1t 18 nf gt
the fJow.ai& hased on a neasured pressure at a
particular pressure sensor; and sw tching between the
first noderoftoper a.‘me:frsmmi gdres e citrd antfeugfuation; and

oper ati on, accor dj to a redefine meter. 51. The
met hod ofl%é? %]dg stet%ﬁﬁ%%) 14 $1ow rate
bas%i:éﬁbﬂé‘nﬁnﬂﬁéﬁ%ﬁ%rﬂtf,es@éﬂ@r@ie aarpailaml ar
pressure sensor conprises determning the flow rate

based on the neasured pressure at a upstream pressure

SENSOr. 49, The computer program product of Claim 41,

wherein the set of computer instructions are further
executable to:

monitor a valve for a change in valve position;
and

if the change in valve position is greater than a

predetermined amount, generate an alarm.



52. The nmethod of C aim50, wherein determning the
flow rate based on the neasured pressure at a

W@2005/08Ubar pressure sensor conprises determ nPCUS1E5/004276

10

15

20

25

flow rate based on the nead8ired pressure at a
downstream pressure sensor, 53. The nethod of O aim
50, wherein the predefined paraneter conprises a

pressure ¢ fherenti dingshaldksd kg, fE%nLt%iiﬁfng:

Cl ai m 53,” further conprising: determning the
differential betasesrninche fiirstt messwresand t he second
pressure; conparing .the adi ffegneC{1tiraeISS}uoret,he pressure
differential tHeeHoI"? %ard Opét &1 Hg dccording to the
first node of :opeyatimyt idoddhedidderamidml deteweming a
the first pressure and the second pressure is %a%,er
irst

t harf liche G#tes A HidT & shtf ramreshAE s

nmet ' fé’é’éﬁﬁ{ 18 ng: determ ning
thetﬂ)g(i%fsfosfeurrgn%r{aq 5%neet ween t é ¥I rst pressure and the
second pressurig) xoparichgnade af fdfesmriticnh, tdetdmnining
pressure_ differenti hr eshal d; and oI%e)rati n

t

|
g iy fhoar AR AR e T Aot S EER et

di f fgrantdal » betveem tdesdidst; mssure and the second
pressure is less than the pressure differential

threshol d. 56. F¥idwWrehocdeize Eohpr iBPRY: Ohn
|l et A o | &lg 1 0 d | 4 b oL Cat | 9 it fod NEccozding

I TSt pressure sensor to neasur a pressure
of to a predefined parameter.

51. The method of Claim 50, wherein determining
the flow rate based on the measured pressure at a
particular pressure sensor comprises determining the
flow rate based on the measured pressure at a upstream

pressure Sensor.

52. The method of Claim 50, wherein determining
the flow rate based on the measured pressure at a
particular pressure sensor comprises determining the
flow rate based on the measured pressure at a

downstream pressure sensor,

53. The method of Claim 50, wherein the
predefined parameter comprises a pressure differential

threshold.



a fluid flowi ng through the flow control device; and a
controller coupled to the pressure sensor, the

weoeonwsngliber configured to generate a val ve conk€DIUS2005/004276
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signal based on a neasured4pressure at a single
pressure sensor, wherein the single pressure sensor is
the first pressure sensor. 57. The flow control device

of C ai M6, fd RS RIMYd $Ng @ ¥Rl Ve et @bmprising:
between the inlet and the outl et and coupled to the
cont r ol | edetespunsing the tdid featare igohtrdivesingidle Hg st
The fIOM/contquj:evice of . G aimb57, . wherein the first

pr S

eSEGPS SO TP SEHBY FHIFEET of the val ve. 59,

The fl owapamingledieeliff ety , tHeigrddmdd r st
pressure sensor_is |ocated downstream of the val ve.

60.dﬂﬁ?ﬂﬂﬁﬂﬁ%ﬁﬁnﬁhﬂe%ﬂRAQﬁa%ﬁdCJain1563 wherein the
control | e éx%ftfi%{ré cOREMAPIE tiGie FLCRAIY GrdY LT ©
neasureneﬁ%s romthe first” sensor; nonitor the

pr e sgerre tigars Uire nerg sl foffe e rft sk et e e orfparfel ndte
fluctuation to redetermined limt;. and in:th%h.n th
f1 uSTRTHT i Yriedt et°19Hah Rhe Predet Brif e i mit e
gengyri it dafferdidciahecHiownenatrol device of

Cl aim56, wherein the controller is further operable

to: nonitor a valve for a change in valve position;
55. The method of Claim 53, further comprising:

determining the differential between the first
pressure and the second pressure;

comparing the differential to the pressure
differential threshold; and

operating according to the second mode of
operation if the differential between the first
pressure and the second pressure is less than the

pressure differential threshold.



and if the change in valve position is greater than a
predet erm ned anbunt, generate an alarm 62 . A
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flow control device based éh neasurenents from a

singl e pressure sensor, the conputer program product
conprising a set of conputer instructions stored on at

| east one conputer readabl e medi um execut abl e by at

| east one processor to: receive a pressure measurenent
froma fib6t Bribeureosbnsorderareuramnprasinow rate

based on the,pressure neasurenent fromthe first

pressure %%n%gie hd a set of calibration paraneters;
conpare the dlhovetaifs FQuadsebmpohhtatadd gephrahe anlet;
val ve control signal based on the difference between

the cal cuRaf&BSE| BepatECafENEBE pBi ME2SUES, aTREessure of
Conp%tfiuf&oQEBWEH?OQHEEu%% Chai M B¢, cwheLeiNakhece; and
calibration paraneters conprise in-situ calibration

par anet er s. 64ntThéleonpotipdepr bgr &heppodastiref s€hapm, the

62, wher ei the set.,of c uter instructions further
h det t

conpr?P8er?

Brutbrong ex

PaBFEeta

Snbni"for Spre8stre

measyt gABNt aken anfbugbu@h&@a;Fgeaga&@ thea single

fluctuation to a predeterm ned

imt; and if the

f | ucPUABFBAe 5eBFEAY eWNERSAN RBSPFEBELEr REREGUFPNSENSOT 1s
gene{ﬁgefﬁgsélﬁEgEsure sensor.

57. The flow

control device of Claim 56, further

comprising a valve located between the inlet and

the outlet and coupled to the controller

responsive to the valve control signal.

58. The flow
the first pressure

valve.

59. The flow
the first pressure

valve.

60. The flow

control device of Claim 57, wherein

sensor is located upstream of the

control device of Claim 57, wherein

sensor is located downstream of the

control device of Claim 56, wherein

the controller is further operable to:

receive pressure measurements from the first

sensor;

monitor the pressure measurements for a

fluctuatibn;



65. The conputer program product of C aim 64, wherein
the nonitored pressure neasurenents are generated by

W@ b®s08ried sensor. 66. The conputer program prpduUs200$/004276

10

15

20

25

30

Cl ai m 65, wherein the noni fbred pressure neasurenents
are generated by another pressure sensor. 67. The
conput er program product of C aim62, wherein the set

of conputer, INSt RUEL | ONSEWLNGE COMPIYSE d ASEAUELH ONEmit;

executable to: nonitor a valve tor a change in valve
posiaridon; and if the change in valve position is

greater th a predet erm ned. ampunt enerate an
al arm 681?5@?% lf%i’u‘?gjg?ﬁl atf n%r??%%vlgt%%%gﬁh% fl ow
contgl dSteviEen HASEI DN, NBaser L@ s d1afma single

pressure sensor, the nethod conprising: neasuring
pressure at a first pressure sensor; calculating a

f1low rat & paseg, One fop! ESSUES) MBIFULETBALCLLAN £B2 wherein

first pressure sensor and a se cal 1 bration
par anet ersheonpartagléehel | burtlee ¢pewalske point; and

generating a, val ve cogtro si%na% based on ihe 4 ions
di f f er encBBEtWeeth YieYCat 0hI &t 4P ow Pat 3 ARdPRRE O
poi nt. 69%ndhe nethod of C aim 68, further conprising

generating the calibration parameters by performn ng
in- situ Thlthe athange 700 TALVAePADHt PG &I AYegter than a

; ur té@éaé@@mw%ggﬂu OLLAG - RLESSHr £1 RASUr EMENt S

62. A computer program product for regulating
flow through a flow control device based on
measurements from a single pressure sensor, the
computer program product comprising a set of computer
instructions stored on at least one computer readable
medium executable by at least one processor to:

receive a pressure measurement from a first
pressure sensor;

calculate a flow rate based on the pressure
measurement from the first pressure sensor and a set
of calibration parameters;

compare the flow rate to a set point; and

generate a valve control signal based on the
difference between the calculated flow rate and set

point.

63. The computer program product of Claim 62,
wherein the calibration parameters comprise in-situ

calibration parameters.



fluctuation; conparing the fluctuation to a
predetermined limt; and if the fluctuation is greater

w0 bas/osthed predeternmined limt, generating an aPEr/ns2083004276
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The nethod of C aim 70, whé2ein the nonitored pressure
nmeasurenents are generated by the first sensor. 72.
The nmethod of Claim 70, wherein the nonitored pressure

nmeasur enesds arkegesepated byograhhghoBuesSUre c38AR0G2,
73. The nethod of Cla|n168 further conprising:
moni t or i nYRETGARVEREOFSE SRaRgBPHRCYalVEtpESIEPRS; fanther

| the chapgigrhBovabue 088 bhanckacatepter bhan a

predet erm ned anount, generating an a
monitor pressure measurements for a fluctuation;

compare the fluctuation to a predetermined limit;
and
if the fluctuation is greater than the

predetermined limit, generate an alarm.

65. The computer program product of Claim 64,
wherein the monitored pressure measurements are

generated by the first sensor.

66. The computer program product of Claim 65,
wherein the monitored pressure measurements are

generated by another pressure sensor.

67. The computer program product of Claim 62,
wherein the set of computer instructions further
comprise instructions executable to:

monitor a valve for a change in valve position;
and

if the change in valve position is greater than a

predetermined amount, generate an alarm.

68. A method for regulating flow through a flow
control device based on measurements from a single
pressure sensor, the method comprising:

measuring pressure at a first pressure sensor;

calculating a flow rate based on a pressure
measurement from the first pressure'sensor and a set

of calibration parameters;
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comparing the flow rate to a set point; and
generating a valve control signal based on the
difference between the calculated flow rate and set

point.

69. The method of Claim 68, further comprising
generating the calibration parameters by performing

in-situ calibration.

70. The method of Claim 68, further comprising:

monitoring pressure measurements for a
fluctuation;

comparing the fluctuation to a predetermined
limit; and

if the fluctuation is greater than the

predetermined limit, generating an alarm.

71. The method of Claim 70, wherein the
monitored pressure measurements are generated by the

first sensor.

72. The method of Claim 70, wherein the
monitored pressure measurements are generated by

another pressure sensor.

73. The method of Claim 68, further comprising:
monitoring a valve for a change in valve
position; and

if the change in valve position is greater than a

predetermined amount, generating an alarm.



