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continuation-in-part of and clainms the benefit of
priority under 35 U.S.C. 120 of United States Patent
Application No. 10/777,300, entitled "System and
Vet glods&g&gﬁ' fWp MR o %&@Mm NG %irc%ﬁ‘ﬁo:u
fully fncor por at ed by refe’rence iwer ein. FIELD OF THE
I NVENTI ON 15 Enbodi nents of the present invention
relate generally to the field of flow nonitoring and
control and nore particularly to nonitoring and/or
controlling flow over a range of flow rates. 20
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read the pressure drop WO 2005/081169
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as FHTES T erd@SvENes ng el ement, having a known
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' Embodiments of the present invention zrelate

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 th;ough manufacturing tools is c¢ritical

. 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 adijusted, a mass flow controllet
‘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 pressuré 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
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ss flow controller can adjust a valve to increase or
decrease the flowrate. Prior art systens that rely on
pressure differentials across a constriction
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previ ously devel oped flow nonitoring and control .
systledis Aney ne¢ hdete Woreccurately 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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articularly, enmbodiments of the present invention
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using a single pressure sensdr. |In one node of

operation, the flow control device can control flow

based on a differential determned from pressure
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neas m S upstream of a .
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fl ow control device can automatically swtch between

nodeb2gedopRr at féhfarentirddeeterimiagdhdinum preosere

enbog] e S ls ntion, the predeternined
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cont .ol V] ln.o mbodi ment of the resent

inveé igﬁg ggggﬁngligFgcgieWSHFror R prefdint mQeRssE
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pres&how 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 controlier 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




invention, there is provided a flow control device
conprising an inlet, an outlet in fluid comunication
with the inlet, a pressure |oss el enment between the
inlet and outlet in fluid comunication with the
inlet and outlet, a pressure sensor |ocated upstream
fromthe pressure |loss elenent configured to neasure
a first pressure of a fluid flowi ng through the flow
control device, a pressure sensor |ocated downstream

t r re _|.o el.ement,, .configured to asure
a%ﬁéggbn (%ﬁggéﬂFgagf%gﬁef?Pﬁigévf?%WT%gu?%Y%u%%qf e
rédaw oaattacdal device, and a controller coupled to the
firz%hpressu e sensor ang_the second ressure sensor
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rogram product conprising a set of conputer
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receive a neasurenent of a first pressure; receive a
COdSGr éveheoffirgtspeendupeessuser; Hnd oper atecond
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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
avtomatically <BR> <BR> switch based on a predefined
parameter (e. g., & preset differential, a preset pressure
at one of the sensor, a fluctuation in the readings of a
particular sensor or other parameter).

In accordance to the second aspect of the present
invention, there is provided a computer program product
comprising a set of computer instruction stored on at
least one computer readable medium and executable by at

least cone processor to: receive a measurement of a first

pressure; receive a measurement of a second pressure;




second node of operation, wherein the conputer
instructions are operable to calculate the flowrate
based on a neasured pressure at a particul ar pressure
sensor and switch between the first node of operation
and the second node of operation based on a
predefined paraneter. |n accordance to the third
aspect of the present invention, there is provided a
nmet hod of nmeasuring a first™ pressure; measuring a
osecond prassiimey ;td m & ifdstSthoteder obpe pPeI @t j Ofherein
t%eneratin a valve control signal based on a
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the valve control signal based on a neasured pressure
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pressure sensor ; and switching between the first mede of
cperation and the second mode of operation according to a
predefined parameter.

In accordance to one embodiment of the present
invention, there is provided a set of computer
“instructions executable to receive 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.

In accordance to the fourth aspect of the present
invention, there is provided 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




on the differential between the neasured pressures,
the valve position and a valve resolution. In
accordance to one enbodi nent of the present

i nvention, there is provided the conputer program
product as defined above, wherein the predefined
paraneter conprises a pressure differentia

threshold. In accordance to éhe fifth aspect of the
present invention, there is provided a conputer
dprogt apaprofudie moMmuurd NGsa sekmehtCoORPUi€hr a valve
instructions stored on at | |east one cogguter r eadabl e
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articular pressure sensor; and swtch between the
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caperadid dhsacttdiong keedexecutable to generate a valve

control signal based on a differential between the first
pressure and the secoﬁd pressure; operate according to a
second mode ¢f 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 second
mode of operation according to a predefined parameter.

In accordance to the sixth aspect of the present
invention, there is provided a method of monitoring flow
comprising measuring a first pressure, measuring a second
pressure; in a first mode of operation, determining a flow
rate based on a differential between the first pressure and

the second




predefined paranmeter. In accordance to one enbodi nent
of the present invention, there is provided a flow
control device that conprises an inlet, an outlet in
fluid conmunication with the inlet, a first pressure
sensor, which may be the onIy pressure sensor of the
fluid control device, and a controller coupled to the
ppeessuee tensosecdhe ookt odl logreanoche deoafhoures 4o
e a valve control signal based on a neasured

nera
FIPROLare Bt R sihl RS BISSAEEF OF. & PATREUIAT st
plﬁé@Sﬁ.‘déeséﬁﬂﬁﬂf afd the tfdnuind eerteeh dBYi €€)stlfbde of
accordance to one enbodi nent of the present
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measurenents froma single pressure sensor, the
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pressure neasur enent fromt he rst pressure
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: te.to a set point and ge ting a valve
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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.

In accordance to one embodiment of the present
invention, there is provided a computer program product that
comprises a set of computer instructions having instructions
executable to receive a pressure meastrement from a first
pressure sensor, calculate a flow rate based on the pressure
neasurement from the first pressure sensor and a set of

calibration parameters, compare the flow rate to a set point;

and generate a valve




inlet; an outlet in fluid comunication with the

inlet; a pressure |oss elenent between the inlet and
outlet in fluid communication with the inlet and

outl et; an upstream sensor |ocated upstreamfromthe
pressure | oss elenment configured to neasure a first
pressure of a fluid flowi ng through the flow contro
devi ce; a downstream sensor | ocated downstream from
the pressure |loss elenent, configured to neasure a
second pressure of the fluig flowi ng through the flow
control device; a valve to control the flow of fluid
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CQﬂi§Pﬂe@ﬁﬁ%ﬂ@és§u@%quﬁéﬁ@@uﬁamﬁgtrtﬁnﬁteﬁeﬁQQWSﬂngeatéxbm the

prishikeam of e@elﬂ&@cssQ‘Bﬁfi&&%deltgr@é‘gs’urgegeé Vi ag fressure of
downst r eam pressure neasur enment froma downstream
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resolution based on the differential between the measured
pressures, the valve position and a valve resolution.

In accordance to the eighth aspect of the present
invention, there is provided a method for a flow control device
comprising: receiving an upstream pressure from an upstream
sensor located upstream of a pressure loss element; receiving a
downstream pressure measurement from a downstream sensor
* downstream of the pressure loss element; monitoring a valve for a
valve position; determining a differential between the measured
pressures; and determining a control resclution based on the
differential between the measured pressures, the valve position

and a valve resoclution.




providing for greater accuracy in neasuring flow rate

at low flowrates. Enbodi nents of the present

i nvention provide yet another advantage over prior

art flow control devices by providing nonitoring to

indicate if recalibration is necessary or an error

has occurred. BRI EF DESCRI PTI ON OF THE DRAW NGS: A

nore conpl ete understandi ng of the present invention

and t he advant ages t hereof may8de acquired by

referring to the follow ng description, taken in

conjunction wth the acconpanyi ng drawi ngs i n which
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representation of 10 anot her enbodi nent of a flow
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B§¥H§ ﬁESCRIPTION OoF %HE 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

empodiment 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 éhart of one embodiment of a

method for controlling flow;




single pressure sensor; and FIGURE 9 is a flow chart
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DETAI LED DESCRI PTI ON Preferred enbodi nents of the
invention are illustrated in the FIGURES, |ike
nuneral s being used to refer to |ike and
corresponHi@gRPabt 35 of fhew2Chgati ofisodeamehped of
Enmbodi nent s, of the present invention vide a, flow
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assogowhe8rvbimhspsten Bak Ehawgeaptrol systens and

met hods. One enbodi nent of the present invention 25

i ncl udes- BIEVBR BohErdl FéRUERARNARAS ERAPLRSEREAR ISR OL 2
do esguLe S 0 e kQN,
I e e L s A
t he- anesbarecdbbfitmenti af bbewpersehé pnyssidien;

nmeasur ene om t he_ugstream and downstream_sensor

30 1n anob ReP=Fode 8t 2oPPHERBRE te SEPESGOPEALLON oF a
contfpbyeeontdblcaayiet hLbenhl awsiageebpsed sird Rensor;
pressure sensed by a particular pressure sensor, such

as the WOFZEUBF0B1189dPayrempebs coeep¥esenyadd@isafeam
Pr eSgHbEnaENERboalhiEnt! B G0R1HY) LBRLERA delddildising a
| ogi C e nodes 0

0g o0 autonmatically sw fch between 't
operainghe phesburet sanderef anperati on can be

associ ated_wi t i gher flow rates, i.lLe the second 5
mode of oBAPURPod (AnaneLEKs GERTEe i oL i Fe
rat esmb 5l BBEt 1oiES c8nd-adn ANBRENGW RASYE Mdi Berint® from
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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 méde 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




10

15

20

30

10 include an inlet 32 for receiving a flow, an outl et
34 for directing a flowto other conponents of a flow

WOUPHIBLIr essure | oss el ement 36 (e.g., an oripdeS2005/004276

plate, small dianeter tube, & constricted area or
ot her pressure |loss elenent), a pressure sensor 38 15
upstream of pressure | oss elenent 36 (referred to as

t he dowpsdt i B RsSHUi Lo SEESO6T) C@Hé'ﬁ%ﬁd HtEfB $4L€can
an u,pstream pressure, a pressure sensor ovvns ream
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for é{er fluid rom;rate and/ or for

gen&PAS Ié? Wit PR yhsrsiaked awikhydonar flow
(e.ates throttling gate val ve, a poppet valve, a 25
butterfly valve, a pneumatically driven valve or other

val ve kn&HQQREtﬂu&&u&)deQXEmmaWECtDepheseataE1on of a

con equlate fluid.flo Upstrea
preggg{e sensor:ﬂ%dﬁ da%hs??%%ﬁqlﬁgmﬁgugﬁes@ geiimpnt of
can the capsentanesrdntpicon 30 PieZoEestEbYedEbY¥P8e 30 can

transduc pe or ot her _type of pressure sensor
knovit Ljﬁ“{eh@ Aftleth S ket grrcotvingss r Ehavpr asonblet 34
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che IIy inert with respect to the fluid

gl Cer S ﬁ&a#ﬂﬁ? |§ﬁ¥?ﬁ)aLﬁﬁR?%%ﬁ?E?@S§H?@ or
senbe;he&S,pﬁé@\&ﬁh&tef QB ERS P, S&@Pésé@réng?ﬁéb}fe%
44 via, for exanple, electrical connections
val VRSE&Ra Gy eF snates ol it s el erheve ng6 Ctbnpxﬁeented to as

suchpas “G#)g%%%%?ﬂt SJQJelsesrtf’re rb§ [ 95PS8oh 1gureg to measure

control open or
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,
piezoresitive type, transducer type or other type of
preséure'sensor known in the art. The poftions of

upstream pressure sensor 38 and downstream pressure
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valve 44 in response to the valve control signal. 10 A
fluid (gas or liquid) can enter flow control device
WiH2095/0810¢%t 32, pass through val ve 44 and pr eBEDUS2005/004276
| ossel ement 36 and exit flowcontrol device 30 at

outl et 34. Upstream pressure sensor 38 and downstream
pressure sensor 40 can generate upstream 15 pressure
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pr essoiigsctibRss!l edThy vAIVECaEhPHLASIUEE SCRSANe3Birive
and/ or downstream pressure sensor 40. According to 25

one RABLRA AP IRERRE, pFESENES] INERPPORtIEdACES!| &0 42
can ﬂ%%é%ggrﬁh@'Qéi?ggﬁgthblbgaﬁggﬁ Lhg B@%%r%?“close

pressure measur enen €do fream préssur
measvebnetd itherdspbeeentbatheawabweanpntrol signal.

representation. of  the difference between the pressure
30 neasu l#éﬁ%gafgﬁﬁs?FeiﬁgﬁFégsEPB §BhEsr Tw, spntrol
downgd v Bedn 30 e$SULR1LEENSY! AlssFehreugRPhalvid@4 ang
differential can be represented as a pressure val ue WO

20057083955 FeT$ 992beBr0b4386and2erdtg flovogopdycdr deyice
a Siggal NAYLIGE a3part fEul BLanv BLLAGRNALUR (6. &g 1Y

nv) , In any other fo represent’s the
di f f doensierdmh weeasiheepseasoire 40neasugeetiaste upstream
Controller 42 can conpare the 5 differential to a set

poi MEXEH° e et 1¥R2 Y aft De2BEnFPENStERGRaPISE SHTCodigng L 48,

to a@ﬂi&?@éz@'bé(:ﬁ?ggtéi' 8r' anRfiB8BOLL ARGl HHR9"Wpresent

("PI") control schene,
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 preésure 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
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proportional -integral -derivative ("PID') contro
schene, or any other control schene known or devel oped

WORMSN8KE art). Based on control signal 50, vabOEULH05/004276

can open or close to reguld e the flow rate.
Calculating flow rates based-on the differentia
bet ween neasured pressures at upstream pressure sensor

38 ard QWD M LSS L SENSOT UDv£RE QLgé{k‘é%c&@ar

acceptabl e accuracy at higher”flow rates. wever, as
t he Vld@geatvaldecr s; 10@ mVhnatrtbnnangeotherofofmat
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di ffegrential ,of neasured pressures. In other words,
at @ﬁ%%ﬁ%le&o theSot d2ine & r9ereretal veane control

beC TRyl iser ol g A OFR g ¢ ScoJ@r@ﬁ IEeRSkhIE . o

i ssue, conprollep 42, accordi to one e ment “of
t he RFCEeEdl cnaderitritegrahn( $M f chcemwt cal catheimag t he

25 rat sed .on the pressure e g.at_a

si ng%\goﬁ% t&%n%gngg}te%%fr ??%Yaajzv%aﬂéggﬁcbl GPATTRL

f | owchaine ,bagednprotier ECSSHER SeeRd RioRn or developed
part, cul ar pressure sensor based on known fl uid

dyna $h@q@&tt1)ons BARPOronocaipred c%iglé@hpéﬂi sgadvef 44 can
senger @3didigsd & . nggv%&fé@é tﬁétf‘g&ﬁ?g@edur i ng

cali bration. Accor o one enbodi nent "of the
present Calentliadrng |Dlowordtead HMB2D06H0BRE68ifferential
PCT#p%%pOS/OO4276 3 device 30 can be calibrated at

C R

ins SoMFEF U TRt BITTRIESR ForiRPLIPER BieReERe sensor

senged aNde Foiis tiedn PRESSEH aLe5685 05 0apdnt Reokh aw
rate in the systemin ™ which flow control device 30 is

i nsPAqeRFable ey net ukfegleer | Brewi ngtebow Bowewvelr, as
devivas 3,0 AASOUN - LU0 SR 61 10375805 R838S Bheio o
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 éQuations and/or
empirical comparisons of sensor readings to flow rates
established during calibration. According to one

embodiment of the present invention, flow control
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flow control device 30 that affect the cal cul ated fl ow

rate. Based on this calibration, controller 42 can
WELH83/08186% ol ve control signal 50 responsive toPET/US2005/4004276

pressure signal froma partidtul ar sensor (e.g.,

upstream pressure sensor 38 or downstream pressure

sensor 40) to regulate the fluid flowrate. It should

be nideitd hat whenbeopilobleted2atsigetanabicien ke
COHH$0| si gnal , based on_t he neasurenents of a 15
par t3EF IR NERE, CoRES bR hepnskRbBReRaACBE PN PAGSsYLe" at 2

st at ] (oY) & di S| S 0
cont o Tar s R A e e e T S e

rat ewhpelsetllow eoditddrdaviae BO tal dubabildgd.he Thiswcan
rat%h%ufhg Sgglfgrgggnﬁrﬁigggﬁos %é#rggvbﬁﬁaBO to account

part al pressure serisor

ar bi féarprysset&ntdsspei chusBy BRY compexamplse ddiistielam of
[imtation, controller 42 can nake tﬁe switch when
t he T9Y fePRPEPAI IBBEEReIOstibrEcRERBFY SR Icaliqdated flow

Preseaie. 254889 UbRUL AL sAcRREbEGYs 8 SERRREAldS 42 can
bel ow a specified |level or the ucfuations in either
or - pererzeesvatvexcertsod bighalwhér eeapsingglve sensor

woul d eﬁgrovide.a rg accurate tlomn Thus, one

enb A HET = Bf S1 B pr 6ERM 1 ROSHEFBLeEaRSREST i@ e a
fl owysorteoh PeubserthabnsepPrBseg aBwhBk®eam Pressure
outlet, a pressure loss elenent in fluid

conmERRERX | ) wrehregelaheethanflohd doveratsn WGt should
20054081169, PGTLUSAAND 0042761114 4BSLLCATUSIMIP the

sensor, a downstream pressure Sensor
contcahtesl Fhenapsbasadth pnesher acaensemetdis dEasure
an upstrea ressure and the downstream pressure

sensHr ELAUhRLs§PBSYT dothSt PERRTpEEESRKe 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 oxr 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
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5 Over a first range of flow rates, the controller can
enerate a valve control signal based on the
PEHY al in the neasured pressures. Over aPGEUSI0S/004276
range of flow rates, the coMroller can generate a
val ve control signal based on the pressure neasured at
10 the upstream or downstream pressure sensor. The

f|(NMPSEﬁﬁdﬁﬂpﬁgﬁﬁdEh(%%hééﬁth§rdbﬁﬁgﬂg§aﬁ ﬁﬁé¥§u£@a§ensor
can open or close in response to t he val ve control

si gidid @ TIRNIEEIRIN 1 erTRRarpet bpemi pEEEFUSRI sehsor can

betq@gag t t he
contro 1%§§sfgn§%hngggﬁé£%e$ %gn ﬁgl ﬁengoyﬁgggggg
nodqmﬁssmmersmnm (dxasimep diee cantiowhsBrganl peaskhee.
pressure artlcula ens % at a redefined

poi nt*.ciF |¥?Q9%|%é g%ﬂ% ?%prE gnfarfealépr can
one éﬁ@%&%é“ﬁ“véﬂvé|éwﬁﬁ¥61r§&gﬂ§Y'E§s§@ %Elgﬁb

control 20 device 30 can .include an inlet
r ecéldfifpgentialovin drheureasugadfpredsneesi ngOuetk| swsecond

35, e S Y G e pRF R Eb= e ¥ eRERRE

pr essline dosscal elia BGhased upst teenppessEveenseBaged at
38, 25 downstream pressure sensor 40, a controller
42" fe JRRhTaan LK AP THRIB| PEPRRFS SABSATval Foesflow

to JdRgWAl addidd éér?%ﬁf@l@é’ﬂsiﬂélﬁaetgevé{%%et at can

control signal. Controller 42 can receive signals
fr ompmstqmaJﬁO@ Jp’r assspensensor tB8 wallvdownatreamsignal.
pressure s ressurgl

b T BT ARCHESRE e b1 SRERChebeRvERT b
or diigtdtalmesdenst M2 ZOONENWBLL68. PGIAYSRB08HR0434A8 rodd

that can represent the nmeasured pressure by voltage
| evelignadl n $hepiktierengiahk mds’ghedspﬁegdum@d@r of

in %@%f&ﬂfﬂh n&nQM@ é@nﬁpglagignggntrokhe pressure

at a particular sensor) at a predefined point.

FIGURE 2 is a diagrammatic representation of one
embodiment of flow control device 30. Flow con£r01
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




10

- 15

20

- 25

30

can determne a differential between the neasured 5
ressures, by for exanple, generating a difference

WOBIG/ or cal cul ati ng agoressure di f f er en@&T/US2005/004276

Control | er 42 can generate ¥ valve control signa

based on the differential or based on the pressure
signal received fromthe upstream and/ or downstream 10
preddute ceensepradfnte W aste opesd gres 0see by voltage
responsive to the received val ve control signal.
FI GHRE 031 815 Rif o HRRR O 51 oo (BRI e Rpgssure or
enmbae| Ry AHhdOMdilderkrddin CORt£10d | 8F+ 42 €@k roller 42
include an analog to digital (A/D) converter 52 to 15

r ec&lare det@rating rodifieetgst tabnbereesuriche anearunad

d d . '
oSSR SO £ P, P00 GONELL 1D [SEE B
AS| Gigralotdrel/ g aeelkaorakiwyva | préfeuses t i Loarencel ve

digital values fromA/ D converter 52, representing the
20 RERERD G A% Fh, THRE L6 Bl BEEYS PPFEPbrEigpal

Bas gch 0y tdie 1d @I et i 011 tHe BRASHT 8 PrESSHESsure

fromeither the upstream or downstream sensor
pr ocEgREl Ppasiverditren cthe diptaéan omrd b r siguastrean

t hat_.represents how a_ va} ve_shoul d open, or cl ose
oy AR Hehalt MaTe Wb Safared SEP1 ke
conw&ydporidiardligh tithe Wi ¥€d afa Bhdl egnvadbYes£gnk Lol

signal and send the anal og control valve signa. to
t he val v&1@Rfeesht TR YuRREHE erehEeappFahLion of one

Conténﬁiodi%} loBYosersti @2.S°fé¥\ﬁ{f09%89r@§] £hat

can 30 include a control algorithm stored as a set of
conputEudensin tniaog H6 dbgatadbmiyBf ceadabterndBoity

S b i e L BS DS s TREL R YD o

ho SO U PO eorgagobha, cRUBEY KOS otBive
signals to a digital format. Processor 54 {(e.g., CPU,
ASIC, or other processor known in the art) can receive
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
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In one node of operation, the control algorithmcan
use operator, calibration and/or factory parameters to

WO 200308116% e the digital control signal based QrCT/E2005/004276

differential between neasur&@ pressures or, in another

node of operation, the control algorithmcan use the

nmeasured pressure at an upstream or downstream

pr eS§tld5ﬁaﬁ§ Nseptisat ab%lra?@ bhe ofihgld %Bmgﬂf&fe"ro lreblabie
nal e control algorifhmcan automati cal

svvl tIEﬁm%E‘t’V\]é’éﬂWP hénf th@t affblle andesidbdecbyd prrm:@mom 54.

redef i t e, .the contr I r.i m
P s OB ROUE of BPePURTRLS. thl® cRBREET ad oSt Hhen
t he ‘dSéfe]penata.t‘ dca}biblﬂatﬁzmaanﬂe’d@f Ifa@@_o ?aralrﬁgters to
Proces 54 c determ ne whether to smntc et ween
Ehe eR e R En cBhe S ET T o AohEaoin & i Snadntatsde it the

Oper@1fﬁ@r8ﬁ€ha£YBéﬁw@énoﬁeésﬂE%@eE%%%%ﬂ%@ss%@edQIFanother
The control algorithmcan calculate the
contm@ﬁes@én@Pe$®t19npathe0Gbatrw&delgbramhmabamwdﬂh the

usi e knomn in the art | udi ng,
Sl e T R R T e R B
or qphessun@ts@hs@tgﬁblthmb&mQW@ thet B cath]l Hthasi C
operation creates an error signal. The error signal is

t herPtdtet et $ o‘FO%’éO&aFE—geapahIW%Ve autpmazgcally

COT I §1 €6h Bh&BeSh OPRL S Enﬁgﬁgegnhr%ﬂb %'%ﬁd mode at a
format to an anal og S|gna Eonverter Re

t he }?Jé%@@fmgd amim’g si goal exam@é.et, thea conlttrade-dlerorithm
curr converter Li,ve control valve to a
nemﬂ%%él?V%E gr ?ﬁ%IFéFsiz CRcithGe S£FIS Sivgle when
i nputhOUAPEEer&aPERI | HEDBS- bEwaeéaEEE%ef‘i%'éHr Qldwiy 42

can include a serial interface to Support

admi PFQEPaEPy et uher | datevming0she8hegoto switch between

-chlﬁﬁgogéfgggﬁgée &% 8ﬂgga%§oﬂpdatl%%eC%g%%ﬂ%'mode of

I nstruction
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/ocutput
capabilities. For example, controller 42 can include

a serial interface to support administrative functions




Addi tionally, controller 42 can include network
interfaces to communi cate with other flow contro
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capabl e of communi cating ov&r a network. Conputer
instructions can inplenment the control algorithmin a
variety of manners. For exanple, the <control signa
can dechasedupdatinpacomgubeealiagktatedional 66.(e. g., a
cal cul ated pressure valu regsure 10 differentia

val adbi e ETval confrofiel: 420 bhfeinelucs BBt whdkn;
AS aﬂ%é‘ffaééén% ecoﬁlﬁﬁﬁfbataamtﬁl gihak! Y164 Gehatong
the differential between neasured pressures, the
contdevieeseanduihiat nebivhe comppsesst P&l obbeNedevice
meas ressu . ti 5 erentia
S|gna?8%2$%ggg éﬁﬁ%§¥}9$9$@ﬁ Og%r % n%t%OE%bntro

si gnal , iUomb&téi:rﬁhsﬁadetdlbnepela&t ump,lemm hhebasad rol
on conparlng the differential signal to a set point.
¥

In tRHEIQELERB #BdR BRTIBLYaPLoREIRRES - coﬁﬂroﬁxampcl&n the
CO”p@tBﬁti‘ uggggg@ ShANBk. bgs@ds%h %Q:m%%'ﬂtn_g raataaqcculated

t han. a ca pressure val ue. GQURE 4 I's a flow
charvalttusergting cakeuhsdedf pressuwel Viadgef,| cwaessure

accord to, 0on odi nent _of t ent ven

The SEEREreBF AT FRESSr &R A lchipreRbaiey pye Vel to
contxokker pbaxtNg RBeafbtheLe e&@n@l@qe&%mrexﬂﬁﬁl ng

a set of conputer instructions a software

prog‘ﬁhﬁ}téﬂ-éﬁfeﬁaéﬁuéa*ééﬁﬁuit@ﬁ drlég&mnéwédmﬁweﬁ% |
COmﬁlsltagﬁ&eaa@raégu?eeu”‘E% Yon t'f&%&%ﬁ@a%ﬁana%e the

generating a tontrol sfgnal RN ing pressure

'd|fféiEﬁereht&hlebbbhdeﬁOmeas@&ew.@&e@smmasﬂbyngﬁnerating

ar anet er tu flLow .calibration par ers 64
P SR e e anE Al SR hIRaY N P oo T

on a HéfE%h%&b&aglaﬁbwee&nW@h%pQ§AQ§41&§ﬁe of operatlon,
PCT/USZOO5/OO4276 18

can be based on comparing the differential signal to a
set point. 1In the second mode of operatiocn, 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



nmeasured pressures or the pressure at a particular
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storage device or other conputer readabl e nmedi um known
5inthe art). Pressure differential threshold 60 can
be used to determ ne when the controller swtches

bet weessugedepaéssgrédeoeoiheopbresgiak hasgdpaprttibalar
differential between sensed pressures or a particular
10 SRERTRF pr e5R%r LRPRE CBRBRTGLESSoRENRBOEERERE 61 Bhe

pr esehtog ng. i di;£.f erenthal es
can be %%F%ﬁl%%ggaggée ég%ﬁ?hégd ﬁhs%%génﬁggésggbg?gqc

t he stidfagendtuiceressotbert hempupplry rpadabilieemaddutmh&nown
val ve pasitio In determ ning pressure differentia

15 fﬂ%é@%%l%rgb: fluid can be run through the flow

control devégeupstdlfoedihtgagnthabspbeasgbecah be used to
approxi mately 10% of the full scale (i.e., the supply

pr eSi&rymbne t Woen | bhe conprEsplder swltshashPetweenror
exa i fa p S hS pSi., e 20
contrdf?%é{%% e%%%ugéﬂ%ﬁéfvggégaanP%ggg gbeé?entia
pr eskif BeéntiiDapsbetweanhsensdd Atresbuzepobnt a pheticular
downst r ea $ressure an valégpso ition can be neasured

a

by tHETShtPOFFRIE® The* AR pPBEs EPROGEFENY Rds the

t he prossht Oir_rwﬁtﬁé!ﬁLeﬁi‘é@ﬁukﬁed\ﬁﬂﬁeﬁﬁihﬁi eRr@sKeId 60
25 an indication of the supply pressure and the

ef f €230 vee ¢ahenhabed rhagedopnt kbevdovastyveam piressure,

contrsl EerertlE B bl e iR r el Bppr g, Febstle and tne

Res={«0P9¢ (yvos veipnsi ti on%teyalivéngepekdbu@e A fferential

i/steg%ﬁiEC%l] where: dP%differential pressure
Age0offlupd sappbe prasshrevsh the Mlew

contd e ASYi §8vice 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, 1f 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 wvalues, the control resolution of

the flow control device can be determined as follows:

Res=(dP%/ (valve position%))* wvalve resolution
(psi/step) [EQ 1]
. where: :
dP%=differential pressure as a percentage of
the supply pressure of the flow control device,
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deternmined by the 5 valve Hanufacturer. If the
control resolution as determned by [EQ 1] is
insufficient in conparison to a desired control 10

resol ution vehlUee pesadthgntheis| epe psrteathipb, vhhee is

controller qgﬁeﬁﬂjust the valve to achi eve a higher
pressure di fx‘}eﬂ@@t rako1WleBntheneoRkbsah utesal dii efe

yi el ded by [K5L). ulﬁrd‘?fs d, SH hebenl, delf@rmined bg the
correspondlnga ﬁéﬁﬂk ngs re can be selected as
15 pressure d| erentla Rréshol d 60. This poi nt acts

as a proxy to the point at whi ch the signal to noise

rati o of the sensors prevents an accurate pressure

di fferent i@ vrRAdAIGErdCedshng:ich e esbothimad ©F [EQ.
the present invention, determning differential 20

pr esddr &5t BsaHd e isoite ORI bIoR At At ghes 1 Eed | gontrol
by 1 € so9 {J Q:rall:let %ll[@" @%H@t&?@ nlé)t@(% high, the
enbodi nents of the presen ention ress re

di f f epefricdlletthreeghaldfj B cta‘re bea et et an achiidye ot Heigher

h det d bi t I
1 ouPERF RO CE ST v B Thrt o (RGeSt et don

cal cyliatiedd &y qEEArtic lhsﬂrdéérﬂéfﬂ SNt 101 efieyi €ge based
on installation of the flow control device in a flow

syst ERFIEsPONding chifianeniial orrpivunet a2y pefsekected as
t he t fromt

cont%§ £ g&?%ég' é%ﬁ%jeﬁgééﬁﬁigsﬁges g@héé§$i?t acts

t he hlow @mmbqoltcdetahecq:omﬂnéte wid ch nelye haiigndl ttdenoise

af fect .qn flom1rates cal cul at ed based on a pressure
d|ff§P&ﬁH g QQe(ﬁﬁpsors prevents an accuralte 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
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significantly affect the flowrate calculated froma
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WPr28eMigiw9sensor. Therefore, a flow control dentesRnasi004276

be recalibrated after instakdation to establish in

situ flow calibration paraneters 64 that account for
downstream devices. The in situ 5 calibration can be
d0nQpaf@icﬁi@&p%&eé%ﬁﬂ3“§éﬂéé&. L4 §¥St£n%low control
speci fic values or by an automate SO

cont#evies dewn & rmalnéaraaeathétqmemmmu@m to

wi | y .qet the flaow rate based on
preses%%r'[%)%? %\1 pglr t5 cﬂﬂ ;ﬁ'oé“’erf'%ao]rlqﬁaW%%rpﬁ’@a@?B?\Fs "1 tnat
rat escceahtbfat evwataRinedeBlecss Dehe e84 ablighed,

i n one, enbodi,ment of the present” invention, based on

| ani FatHPrBhion £an e df%ugffpr teRample d eprinarnally
devi gg r

Ian1né$e$?8m1@%gﬁ%g%2§¥%%n u§§ §§S€f5005|?y %%t
domn%@f’eumfpr @smmlﬂzﬁbsimqm resuoity. decdisetthe

val u used the.n situ flow ,k caljibratjon
paraﬁ%?gFog&erPﬁggétqﬁRﬁﬁ%ﬁixkﬁ%ﬁ?%ﬂﬁ%%f%&%t%*%WGQate

can basédden m@rp&te@ssmés%& fOrp 0t Coh B s bt O¥E lower
rate_based on %_as type, fl ow control device setup

or of Hev EaFﬁﬁ’et ipraddiors Immﬁ@r%tﬁi@mmrm\ﬁers
PR RSl AP

technlque now poi T
desi Ir@denthow,r besedlon daincidznt effl dw o ratEl e Perough
con'p_t %$5 t,0 se int 66 to determ ne how nuch to

open Bid cé’ degdiceyoi fis gPrAmRH-hpdhiew rate
aut Oé@iiéébbﬁdsb)bo fl%&nﬁfs@mﬂl%% SR s Le5r BYuia

an operatof, or in any manner n the ar
contV?e$¢@$ltm agice ploRM s tomam Q:umsmlm elssmsa réfuires only

measyl e0FPLE L CATAN AP qAn gnd, dgwnstream pressure

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




sensor and, at step 72, can calculate a pressure

differential. At step 74, the controller can conpare
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pressure differential to préksure differentia

threshold 60. if the calculated pressure differentia

is greater than pressure differential threshold 60,

cont keple GRANL ATSS4P @t@@sﬂﬁe Qi heevaeia1CceBt pebsSabe
pass to step 78. At step the controller can

cal c&’ilaftf@qqrétﬂf%ﬁhzf%wéobﬁsé@ onIfhéhgi FréFeABtaf pressure
bet weg| WeE I ABASII £ I

cal i bration pa?%hé?%r§§%§€ér ﬁhgﬂ gEg%ghg%ngﬂgg%g?HFﬁal

to ammnﬁﬂhnﬁdfﬁﬁ,]ﬁbnbrchlaanngaasftommtape?ﬁasedhenwise

a dlfferent in _nmea uregﬁg § sures known in the

art. RﬁQ%)Q%P B#SS ¢ and, the controller

can use i msidted! PR, €Abi BbALEOD1BE 2RI BRICA4ate the Elow
determine the flow rate. This can be done accor di ng

to afptschwred oon 1bheafitbifarengialf belwegnemsasugeon
a si %éﬂf%%“ﬁ§#n%r %éggﬁn@lgﬁnB%i?E%ﬁ%?§PQEQ§HESGerS 62.

pressure to a on curve O
(st omdd,s faun exanpbree acootibngedor gngf schemeodbtol | er
or ot her ﬁo ut er adabl e nedi um accessi Ie by th

10 cont CEYRHHTIRE Thet LoVt FoFPePassE Sfep SIfgzgntial in

comp@lcR duleed GH &b @t &4 iﬁ@%hréheth% arget ﬁQ'%EeplhB, on
the flow rate does not equal the set point, the

cont ithle exthenr kawg, Bhe cantcaﬂiarapenansernorsg&unflow '

base ressure froma,p rt|c .sen

t he %%@gﬁF% pre§%ﬁr%m3éeF?o§$tﬁ8 88 §Pﬁ8§ %ggnggp% rate.
I f, aenverset \be tdéné ! Qvcordi figdess aggualchiche Febr

p0|nt the controller can calculate the error gain

15 baseFFuIRLiRg 2 EhoVaratpebaged ORe amsddgledPressure,

D s RO Bilar st 0 Blaputhe gty
calibration curve of flow rates {stored, for example,
in the memory of the controller or other computer |
readable medium accessible by the controller).

20 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

25 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

30 valve control signal and communicate the valve control

signal to a valve. Steps 70-84 can be repeated.
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30 val ve control signal and comruni cate the val ve
control signal to a valve. Steps 70-84 can be
Wioepsesieaaaey WO 2005/ 081169 PCT/ US2005/ 004276  22p¢trus2005/004276
shoul d be noted that, at step 74, the controller
determ ned whether to calculate flowrate based on
the differential in neasured pressures or based on
the pressyre [ or,.This. 5
deternina?&bﬁﬂ%%ﬁlggkaége %%cﬁﬁgﬁheag PF%R’?gfetpg to
be cabuoikailder Idetmmtiresd enbetdheentootallBelptesendbw rate

i nvention, thi,s deferm natipn can be made according to
a pr 83??%8&‘ §§}%d{h§%%%’?%a%vévy{neesmeﬂi PEESAYEES or
In tbh%e@”@@d@ﬂﬁﬂpﬁgséﬁﬁéF&@Sgnba£EYEBREQnsghggr%o ghis

control ler can calculate the flow rate according to
par t fetraningdd oot @erke imad¢eegch hiwver di fdoworstepis to

76 Of..S f a e i ne tiod,of _ti
bof oPS gg@e"?‘%)arﬁe% i h%?éﬁ%hﬁﬁlf’gg%%epghOffotg%epresent
ot heinwedt ioh,ofdriat idstelhi €OVEOn §88PBe’Radl €aBoR8ing to

15 carried qut by a mass flow neter to determine a
flow PP &%ﬁ%i%ﬁ*}%&et fR- Pr esqVirBY dPPf BEdAdpgronds) .

- threshot1 80 ofPlodinielr REL£SELe p?f%ggﬁﬁrln‘&éﬂt% , the

arbitrarily determ ned. As descri I'n conjunction
Wi t hCPREoRELer e 2l dulat e atke cBhowereaakcakabeding to a

base . ressyure -reading. froma single sensor by
caIig?g?%%gﬁﬁﬁéﬁﬁ(mNoﬁxﬁR?{ﬁgﬁ%Qié%‘%t'i §F8FS&PBOF° step
to at6oumt step %) AUreEUSReEeOPEMEASECHeRY0d of time,
downst ream conponents. |f the downstream conponents

chang&fOtRe dPEqIMHET R fhatlyst ndy ahewlohawgschThpsthe
can, S KbaBCu higvad fop | ALk S0t 181 LER0:76 can ve
restearrédd bodsdyt ubimegss stilét smeter ngoaddicsppise a flow
IR SR N SR A AR RN
gs”
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
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30 'According to one enbodi nent of the present
i nvention, the controller, using conputer instructions

WOr209%81168 a conput er readabl e nedi um accessi bl RECTYSA0082004276

WO 2005/ 081169 PCT/ US2005/ o276 23 controller, can
nonitor one or both of the upstream and downstream
sensors to ensure that the pressure neasurenents of

the sgAsep31de, Nelar MEHiuade O SbfepoOh Sf destr88stream
range. For exanple if the upstream 5 pressure sensors
neasﬁﬂ@stVBS§§ea§h@qﬂﬁ?ﬁﬁwwgt¢%%%¥ep?%%%u?hesbﬁgéﬁure
”easﬂégsuréﬁeﬂ%' QH? %@@s (o] H&?Cffﬁctﬁgﬁe ouF81de
controlTer can be con gure ener a an-a

t he dﬁ\/\asﬁesam‘eﬁemwa eacBozouésaxdpl@f #f-th@5Supstream
[imt é 45 to si differenti # durlna tﬁe éo

di spBh ESBF8c§§§1S REFIHEEDI 1 T NPt A hehe downstream

downg-£830raeREHs0r M AlFa Hased ;?Ql aghlysguat &S?Qpéﬁse
a pressure sensor can indicate that the system has

changgdcepgquithiengardom § brat ¢am g @mfigumﬁdohprgenerate
funchlofAb o godns, RIS S FE, birlS gttside of +/-
nmoni t 06 tmeEmMIﬁN¥i45fﬁbCE@mspﬁﬁaﬂiﬁﬁéséhtieaﬁidgring the
COU|8 i ncrease to .5 psi |nd|cat|ng a .25 E sid

pres bFBePﬁErE£QQQﬁ§nnth;%y%?%ﬁ¥ 1&rgtwith the

Cont&@hh%E%eaﬁagéﬁ%dfl(jéﬂ‘ S €54 é&eohnatfﬁuéﬁhaﬁhon in
20 flowrate (e.g., 50% of the cal cul ated val ue)

FIGUREpSesguaeHaanaﬁnuqanIim@imatenghahethenbgdtﬁmnhas

Can PHBERGE: PR athahbntativBno cBncopy Control

(e. gdevibe M&iarteaméefw @bntt&REeticeThe Adt
controller at step 92, can conpare the current

pr esSUREtieadngg REPRAEL DT Hor preonbuslppssdipdenct

ke e, da\Gtal e 4SSk POr o BegBLGe o

could increase to .5 psi (1nd1cat;ng a .25 psid
pressure increase from the system after the
controller) leading to change a decrease in the actual
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 receive pressure measurements from a
sensor {(e.g., the downstream sensor of FIGURE 1). The
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
step 94 can generate an alarm. The alarm can be an
email notiﬁication, an audible alarm, a visval alarm

or any other notification of an error condition known
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range, as determned at step 93, the controller, at 30
step 94 can generate an alarm The alarm can be an

WORHIYOBhSP| fi cati on, an audi bl e alarm a vi sualPCI/ES2005/004276

or any other notification o an error condition known
WO 2005/ 081169 PCT/ US2005/ 004276 24 in the art. Steps
90-94 can optionally be repeated. The nonitoring

procassRé EL-EUREsBepan e JaMMIAMRIPEhn 281 ¢ €t r&beated.

conputer instructions in any flow control ‘device
capaihe meniketingnprocess ef iFKIURRtS oran drel Buplkemented

| N f | h i
i 1% foaeSf SRRERRO P REE R i n RS f Fie peme o
Wi t hddFr{RESapall eFbEUBR Gitsi riy diigitemiti €structions and

representation, of =~ another enbodi nent of a flow .
cont+31 Qv 81188, TRl dwow G- bIdeElsee YRt carovide

inCIﬁﬁ@%g?lénh@&elgaghokdﬂ¥¥31”453&bgéfW$e@niﬂ$Egﬁﬁunction

104 for recting low to other conponents o

fl owiylst ERGUBERr @sdure | oss elenent 106 (e.g., an

orifice p spal, |l di ter tube, a constrjcted

area or okﬁéﬁR%r§§§ﬁr8iagagFﬁﬁﬁﬁtﬁ&nﬁﬁEr%F?&%@ﬁb?% of
sensaioiR8r ugsboaafieat RS Wkow | @R LdE8evide6100. Flow
(referred to as,the "upstream pressure sensor") for

senstoRtBAl uPevieamlfPe ol dngluds anirtekntd? 90
d |
ag%&ggglmgét BT es3ur e anO%%tggétenﬁm écgﬁ é{f&@{iﬁggggﬂw

_ ream pfessure Sensor for sensi
downst rebinepr esmppaegnd s adhta diler diPtémy gepeeabung loss
and a valve 114 (e

a-valve coptrql signal, . .

Chr RITIREE ghP8 V& der &0 Soppetcn RYatea SRELL figmeter
val veyub@, PReEBREL A Ed HilePbY A Mbe P pPEBSEr¥al ¥8s
known in the art) 25 responsive to the valve contro

si gnelement bguRapeesiiuyied fdrer 8 repet peensafepressure
SensféséoélgggngoW%%tT%g?erred 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 genérating a valve contrel 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 dbupled to upstream pressure sensor 10é, downstream

pressure sensor 110 and valve 114 via, for example,



pressure sensor 110 can be capaci t ance type,

wBiﬁgnggfégtive type, a transducer or other typepfgrfrgsf\zﬁosmmm

pressure sensor known in thisart. Controller 1

be coupl ed to upstream presSure sensor 108, downstream

pressure sensor 110 and valve 114 via, for exanple,
WO2005/ 081169 PCT/ US2005/ 004276 25 el ectrica
confd@dtarisal eaBugRtAGNSsho ik horugthaios aiteowt for the
Si WGl Ty . be . i ven| l.qgi e .
contrur oF ABTPESERRE R (FH 3 SR Gl Togic
dowistivesm prestnotdleselsd, lidsiarshny gmesdhide SMahyer 5108,

114 can further include conponents, such as
i CrARBIRYTE Py BESF U5 FoSeIS Ah el Wk 3 Cet ¥ L1f gnayalve

and 10peE £heERekhenvahiR rRSRATEMS [ skdie 43l ve
control signal. Fluid control device 100 can function

- si nittigocast rphlgreenticolPrfsa e e sfalrauRmittrolpsignal
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exc t fluid-wi.Ll .l ow tshrough the pressure, lo

ol ol ‘Bt oF B1B5e sh AT I EETY" Enpopiive

ge reziretd-dlhagighalt he Fanfdetigetr off deﬁ}ﬁBE‘L@Cf) ba*lﬁaﬁﬁﬁction
ownst ream. pressure sensor .11Q is upstreamof valve

114 5 8 S o 1 Lo frettaim de 4 il o SERGBRE 110

may dddediialRat deeuie GRANIS dW A Yéh 1d¥e pressure loss

Therefore, to determne if the downstream system has
charfjeaihentd peiaki bratfilowing ridvessgh ytha vahied

be, added, d f val 114, :
doscrt bed i rERBREANEE: BN LR Shd [ ReRipapF Pt
20 GaIGURINIE prbebaubkUcldaid tonsark o £58LE eséhsblRe110 is

third sensor and, if the fluctuations are too great,
can URfERSAR eCinval¥emli sy dilfr Hereesiverli aendowhpErean

Val%&eégﬁﬂ iQangagyagggﬂ%gc%#g?tﬁétépe ¥§|¥8 cganges in.

posi‘ti on  changes n a predetermne

amouwdlvd el 25 cTherelflcare caro ghwissattnani él ahe downstream

Fl O faten hds eRIRTR A "SRISPAN AN oL Becessary, 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 wvalve
position can be monitored. If the valve position
changes by greater than a predetermined amount, the
controller can generate an alaxm.

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 controller 712, which

can include processors, memories and software



fl ow control device 700, according to one enbodi nent

. f esent invention. Flow control device 700 can
vl bt

10

15

20

25

30

ninlet 702 for receiving a flow, an Rfk/D&005/004276
30 704 for directing a f1 ow’t o ot her conmponents of a
flow system a pressure sensor 708, a controller 712,
whi ch can include processors, nenories and software
WO 20051 08¢t 60nPCTOUSZBOS 00476y 2651 nstir Btbvoratboand/or

det ni.n id_flow rate and/ for generatln

Ol viSL ek et ol M e Dl i bR §BRg s 1S 714
t hrot¢ )4 ng gatﬁr‘é&ﬂ:\l@..ng}l P ela W Vea @o putt %ﬁlvé, a

val ve, a pneumatically driven val ve or ﬁ 5 val ve

knmﬁW@?@FﬁéYaVﬁﬁvﬁeSﬁbm§QREQ¥ﬁ¢¢%lyaﬁvevennVﬂéWe or other
si gn@h14aQ kﬁSHhaEﬁ el %ftj.)OWesEoﬁ‘iﬁWe £ EHE vda%e thntrol

be capacitance type, iezoresitivetype, ttrans
t ypesmynalhep tygal@fce pﬁ]smstrﬂmnsor known in the
art. The ortlons of 10 u ean1pressure sensor 708

exposed t 0" PREVFFUPE F% #H RYNCFPBGAEBREROFYPE,
devigpte 708628108 ‘%%éﬁ@ddﬁ%f ﬂ%%@ 6§SB€ﬁErt9¥ge of

the fluid. Control 712 can be coupled to pressu
sendVFETRBLe ARBSEH 0@07\114 i ghe oﬂtr‘exa@he portlons of

el eal5dicabadSpLenaael %‘chso-%h%d@“ V£,6804' P8 ¥AE Bruia

val drive aV|ng conponen

m crﬁcmrttngl threugho flanocess: tdle d@dri/@e CPObr ehnshanal
en, or valve 714 in response to_the valve

cont L PEhSy Therturd yFeseds cﬁf?d‘}h%aﬁlléhfier 1 ow
Vol v or et et Flom ot rol e CEoB5UEe Saprer 7o
704 210 csalive 7één§@a,7®mmagmm,atel@c’es$uaé si gnal
Lol ehel A S AR’ 87 Bkaf e e
Sen$mvﬂE@.components, such as microcontrollers, to
process the valve control signal and open or close
valve 714 in response to the valve control signal.

A fluld (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
pPressure 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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25 Controller 712, using, for exanple, software

Wb%ﬁé%k?id Hons stored on a conputer readable md'q;@szoosmou%

generate val ve control sign 720 to open or

valve 714 to achieve a desired flow rate based on the
pressure neasured by pressure sensor 708. According 30
to one enbodi nent, controller 702, can calcul ate the

flow rat & apusel T t7ﬁb2 pf:é@s gedcidader dbheatf lowirafie based
f oY or %g %99b§ / B?%QQ.%/ %%@27%3527ure sensor
can ca on

Control ate OWTra ase
t heb;aumslme lsmmetflhyld fgntindal equatdssy earsbheor

based qn known fluid dynam uati ons and/ or
e I o TS SR Bl SETSEEATRGCARS S 'ty Fhpsrates

5 e@s&@ﬁl&rﬁﬂecﬂ Wi i of Ak 5 RA BEE®A oA C AN Ry HE one
enbodi nent of the préesent invention, flow contTol

deV|ee‘3’é>0m@1€§§h o it |}Br§$@dtatlm\¢$lttaldrat ifgrov ccontrol

det c at ense ressure at
sensor and c?‘#ﬂ oé\?vgiépe i ﬁ'e sl E‘aglil ci-hO 10

f | owledmirnriole deha cra:ﬁﬂ@lhsibnsb@ltk&@n B@rﬁse‘carpressure at
i ncl ude caldé)bs{ ati Eg: fl o control device 700 to account

f or SHPEEY Bwaa@@nﬁ%&% AR rBankich

F O\El%ﬁtdd}itmf'cf&u@é bat iaf hack e Lal Gﬁfé &hn
flow rate. Based on this calibration, controller 702

15 @mlgﬁi%mlelhmmgoﬁﬂ-pwl Csmgnr&dl ARGy irces g3 i tve @ocount

Sendst PR Rosit cCeRBoR B Srbianattes Wzirepm of

i's Eldﬂvﬁgn"o’clfﬂmjl GdwERE€SRODathak @Ff FRROMIRY calculated
enbodi nent of a flow control device 800. Flow 20

conthl@W ddice S chroRnEhdde cad ibmadii o2 gantroller 702

SO B WL B0l R AN <o 0

810 pirers meres i siggrea prissur &, partdrtileld ederfHldrf (6. 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, & pneumatically driven valve or other

- valve known in the art) responsive to the valve 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,
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generating a valve control signal, and a valve 814 25

e.q.. athrottling gate valve, a poppet valve, a
Wby

Ff? val ve, a pneumatically driven val ve BET/U81085/004276
val ve known in the art) respdnsive to the val ve
control signal to regulate fluid flow Pressure
sensor 810 can be capacitance type, 30 piezoresitive

typefom déxamsteiceslortnt bal typmerftidiesS MEBLBEORGE not
kno in ;ge agt. Control ler 812 can be coupled to
prevé}tﬁ"én Mo B 1P LN P T aPHEPd AN Y, TP DD05H 022 69
PCT/ 1820054 Pog ﬂ@{:wﬁéﬁ”@oﬁtﬁ%ﬁ%f'é:%, Jpressure

connections. Although not shown for the sa
si gy, 8itheard camltre 8ildt.er Wardiveg 81041 cahefueteher

cont.r 8 re nsor 810 and val 814.

Val vlgp%illgd% a%%%ﬁ?g% ?H%F‘u 88 SorpoitesRst OJ\slﬁ% Spsto

M crocmdsol iles svalee @neess Hnal Mhd wpeR! osi 818ke the
and open or close the valve responsive to the valve

cont otV RO H 1 d°° cbher ¥pigeyicantgor! i sigaad + arFluid
to fddﬂ&d@rﬂéﬂc@eél¢§e:i.s7%9m9fla? %?uf&cg%}#t%ﬁgt device

the pressure sensor is 10 locate st ream
val vid0 |af SHSHIRE bk exntextt bhat ithe hreresdock neetsof is

Fi ecaus ressure, sensor, 810 i s downstream of
vaﬁ/ie%%%fcptcgoe#lb%elg%?ﬂ eogt tgs\/\f@tl.rvga'm pressure sensor
810 may fltciH@IR] b dorehanass,i R alne dhdodiBent of
Therefore, to determne if the downstream system has

chafig&VBind r ReFIBT RN RSPYTRe SeRsy 81 tedieownshrean of |

f | 814. As
oo R G T e e P e edevne, gpnsor
can 8ighintayr fhectlaiod ubteobs chapigessune wiltdes 29,

addi i on sensor and, if the fluctuations are too
gregﬁ‘,er%?]@ee'nei}%t HFBFRPmt L fhen Sarerstereni sieptem has

t he araintePasld | AULLAHPEL TBRI 1Y eeddsd N, VA Veaditional
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. 1If the valve
position changes by greater than a predetermined
amount, the controller can generate an alarm.

Figure 9 is a Fflow chart illustrating one
enmbodiment 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




posi ti on changes by greater than a predeterni ned

“&?ﬁﬁ$@§ é e controller can generate an alarm 25
g 14%9's a flow chart illustrating one enbBEl/HEWPS/004276
of method for flow control d ing a single sensor. The

met hod of FIGURE 9 can be inplenmented by a controller

havi ng one or nore processors executing a set of
conpei kibkatticncproameterg. 904 sof Thar EnBot pragemefers can
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CONtROM, ShggaktiBCkUbiragel BeSiildl fdOVEWEE2086nOSLd 69
PCT/ US2005/ 004276 29 cal i bration paraneters 904. The
i npufeparhnet BpdieBnknpensdgy ddwrmitbonput er readabl e

medi um (egg. o4 Boi% 'I'?:g% i [ 0

ot her con%gtgﬁgéygégab elne |S%f&hgaﬁf%ﬂg¥%gga§§§.&%n

| n singlétiewpeakinbteatrsonajandraited sf@D4a cpartioal adeflow
paraneters.calculated fqor a particular,flow. contr

o] CoEEeRGaBT RS PaPPa: Fon ot b FLon E5nthel ELow
devigéntfod BkoWcsyshem rhkwsidysdd®W £al LPrat £08y
paraneters reflect the fact that devices 10 downstream

f r onf@hebrpbhoroparamelerscaafilacthithet faghethat devices
| devi i |
preséﬁ%§§E§8gﬁe§r3ﬁe£§§f%f@%(3§ﬁﬁf%l ?%gfg%aw¥%Fa$SEECt

this ave |ift ect on oW Ta
basethenpaepsesesr sedséfiemanttiad ,fidwc@tntrol device.

sign fican affect the_flowrate calculated froma
15 p i%u#gxsppégsbﬁgesé&§5;e'ﬁ@ﬁ%ﬁ%r%? slevonptes

~cont é&icuﬂswﬁeebga_adbsnr acidyaled g{Eec-Lpgial! agggaan

to establish in situ flow calibration paraneters
t hats1gosdunentdy dbfmctrshe ddwesatdheaioudated from a

cal | B AL BNRE R0, oSBT o G TRNUEL Y o0 coneron

sof taaveceobhnhobkegdedali Be-ataid iAEreBecAYE8118€ion 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 viscoéity and downstream
pressure loses requires only an offset value to be
used as the in situ flow calibration parameter 904.

The controller, at step 910, can receive a '

pressure measurement from a pressure sensor. At step
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controller will typically determne the flow rate
based on the pressure at a particular sensor at |ower

WOI2000/083168s, paraneters 904 can be establ i shed, parrus0s/004276

25 enbodi ment of the presens8oinvention, based on
lamnar flow of a fluid through the fluid control
device. As long as the flowrate corresponds to

| amionar  fdpWv corfiomgensatdon J {1 u.égt;t’li FIQ% %%S_"Lg{l])qation

downstream pressure |loses requires only an o

val permrEgeier30 Ukkdaglatrrnineiithe f Edwwe adaitler.at iMris can

par ter. 904 T ntroller, at step 91Q, can.
recgg\?g% R rcecsosxﬁ&fhglqcrg%)mﬁné’nﬁﬁh?W% grplcélg'&lﬁ@%lng a flow
sensaite AlassidpiIN 0108 bled R PS20091004947 ol ring
912, .the controller can use in situ flow calibration

par &H&t SRS SITAY PRRIBHIA @ theal nrpiion iy af flow

be JaRRACCgdY), Ak I f07Lhal GG A oW
rate based on a single pressure, including conparing 5
t he comdnwlde pras suittert @anpeel ébred adabder weddfunf | ow
rates (stared, .for, .exanpl.e, .in the nmenory of the
c:ont'arcéfelsgrlrb © fthdhs % dabl e medi um

accessi biebydriterq1ondy oldtersted e 29Nthel lRpdle SiRP
914, can _conpare the 10 calculated flow rate tpo a set

poi RElcpiatied ilay mate twoes it rgdat.t hdfsdhepdiiny rate

the qepnt Bgﬂoﬁé%%ﬁ tHER et ]gﬁ%inclfan £ARLC %loﬂtt‘?roﬁ.riggﬁr o:t step

gai n base € pressure rom a par trcurar sot™

At Slép 288 ddieuerita @ld erraargLonyesisedneretiid pressure
gain%ﬁto an _anal.,og val ve control_ 15 signal

co

d
fTcd & o SRRV gt oBo %48 v & Comferollex
St eRan0OThARE he AR Ydilif 166 1N _ahERSY $13% control

needed or desired. Additionally, it sho be not
t hatigoatr gint arregyvicaias dtheoval Pe comtroll sigrndabheto a

PRIV A R o T e B i AT
- 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 contreol 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
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pressure sensor can control flow in the sane manner as
a flow control device having nmultiple sensors

Woppsedlngy according to a node of operation forpCTiUS2005/004276
controlling flow using a siAyle sensor. The single 25
pressure sensor flow controller can also include
capabilities for nonitoring fluctuations in pressure

Measyt SR St fbn LS é&%ﬁt?f&%oﬁzh(eokr%ts@?fr g{rlﬁ%:g HHused

fluctuations 1 n valve position to geherate a t hat
may byndicetstseahargereonenioanst I€athpr edostrsd.re3n As
described above,, the flow rate ¢an be al,cul ate

bas_e(5 %%??%%t%r%%%%ﬁ%' r@&%i Jﬁ%qflﬁgﬁ\daogif%&te M3 s 61° by
cal id@ahgag theid | e contipl i deveqe tabiWg A0S/ R4,
PCT/ US2005/ 004276 31 installation to account for the

pr esElf et HPH pOREEREMNEY #BwWReVESanec SavEirditeam (filter
t he jouBRLE AL LABROACN] 50503 RYB: QYL T sgt
may al SO change. T'|s'cano%%cggggpbﬂgﬁhtu||%?%éﬁé <

i nstdl spensd phecdsm\wroanyodbtheirt evemowedtums that can

Sihi TTEEGRT ] TP oS ShohGeThh GRess Lor ki BnS aRah,

occutSmpbiéneanchatdect thdersenseontead masit ldad hee
downstream conponents change, the flow control unit

can ¥RCabibrrted vrataeceenbcEotinchpageshdiydde reemrall

overglly oS5Ysiem (1418, 1ADE: - &l li:br at

par a%t ers ia’n "he- u(?)d]él{1 e%}‘{.:ﬁl ?" gg;g%%-’ 1%2131 #ioa}qgadn?%%%s can

t he bepasadabedjty of control using a single sensor is

dependent_on t he %%domnstrean1§ressure drop with

repeatabi??t@h_ 2% 15° e cFRAS hheadhse RN Feapf

Pr essaherdl Ofs 141G ' £a588g1e | ehlBS rdQWNHSRABAESSH €he

drop in a particular in” situ configuration is

i nsudewesbrean dopeoeiuce duepuwith repeatahiiliity generally

addliﬁgg ésigglgg’tﬁgcgoggs gég%’ﬁ%g%sure drop increases.
If the downstream pressure drop in a particular in
situ configuration is insufficient 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
imﬁrovements fall within the scope of the invention as

detailed in the following claims.
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20 be added downstream of the pressure sensor to

i ncrease the downstream prgésure drop and increase
repeatability. Wiile the pre$ent invention has been
described wth reference to particul ar enbodi nents,
W@?ﬁ@%‘ﬁiﬁle%ﬁs 25 understood that the enbodi nents are
' and that the scope of the invention is
not limted to these enbodi nents. Many vari ati ons,
nodi fi cati onts, addi tions and i nprovenents to the
Tenbodl HRMcONtrakdevice,eoMRASIAE: ar e possible. It is

cont gpphRt:ed that 30 these variations, nodifications,

additions and inprovenents fall within the scope of
t he amadiet onfluid codwnanication withhbe fidkt; awregsuredo 8% eleddent

o8t ieFlpP 2B dulleL i A gangniinEelion wth he iot and outie
commurfirs@hrie8Suned ddhsbh R)dafécﬁhbst?eé’rh%)aﬁ Elge nhﬂfé%%u?é RIEENt

between the inlet and outlet in flul ni cation
elareentigeafighHrest togngasunel afirst pressuse op adisid fiewingrtbmugh the

flbﬂ‘i?)'iw%l Hgﬁ[:éeam fromthe pressure |l oss el enent
con

I gure 0 measure a first pressure of a fluid

f 1 owarsgcbhd pugdsurd sensbovca@at downstadnt oml thepreesa@Rdoss
ressure sensggt%l ocated downstream fromthe pressure

elegaent, eorfigured to pigasylR 8 decendpaessuse f thaluid fipmérg threugh
1 fidvoohitryi g?\flé@vgnrag through the flow control device;
d 0 ’

and a contr er coupled to the first pressure sensor
and alenyellencbupbedtsinedirsepissurd Senerindahé @econd

configured to: opergte according to a first 15 node of
PESBHI POTEOr s, N oleF PAIAURES 9y RerRiSREcOrdiogde A frsh
midie SFUPSrMidre wheI8MelFHIRStha ﬂf@ff ﬁﬁ%d%%%ﬁ)@#&lt@ﬂg’cﬂalcﬁlﬁggr

on a differenti al b_etvveen the firs essure an
genrereirs avaleuranirobpignat kaseston di diffetemtial beteera the diestof

t] wherein during the second. node of operation
PESSUTLRNY 11 BreongiErses opRIIE ACrr iR Ia 8 Secpa aode of
op@stion OWhergif daHh§ thd 58S Morle & offerfii theddfroller

pressure sensor; and switch between the first node o
geRRIAERS b 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.

2. The flow control device of claim 1, further comprising a valve
responsive to the valve control signal located between the inlet and the outlet

and coupled to the controller.

3. The flow control device of claim 1, wherein, in the second mode of

operation, the controller generates the valve control signal based on the

measured pressure at the upstream pressure sensor.

4, The flow control device of claim 1, wheréin, in the second mode of
operation, the controller generates the valve control signal based on the

measured pressure at the downstream pressure sensor.
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- second node of operation i1f the d
- preséurg;rst pressure and the second pressure is |ess

and the second node of operation according to a
predefined paraneter. 2. The flow control device of
claim1, further conprising 3 val ve responsive to the
val ve control signal |ocated between the inlet and the

Zont § bp B3 A BeRloE b duik F GBRNPineShreoduacs Falarfitler

comprieps agiressuretdiffereatisirtbldstioldgener at es the val ve
control signal based on the neasured pressure at the

- upstream pressure sensor. 30 4. The flow control

gdevi ?ﬁeQIfomFécﬂietFBéom/if% edlé]m Sr\Nﬁ%\%!r?ﬁ%e va Q?lsoffu her

operat i on, gener a ve con
cenfigurbdbaised on t he msasured pressure at the

downgty eam pressure sensor. 33 The flow control
devi QRGN e Heregial BemiasRdng fietdt ae o uicbher soond
pfeE¥Drd;ses a pressure differential threshold. 6. The
flow control device of claimb5, wherein the controller
i s fgempare the dﬂﬁﬂﬂef@af‘éﬁthlecpl‘eawrerdfﬁf&rentlalethresho!d and

or o S0ER1E Becl B BInb st bpln oF GRERoR EE, didéreaar "
béMe‘eerthetﬂrﬂl prebs@ehanditheasstondnstesd feds gﬁéaieﬁmahothbhe

- first npde of operation if the differential 10

pressiEedifferantied tyeshpldssure and the second pressure is
greater than the pressure differential threshold. 7.
The flow control device of claimb5, wherein the

- 7cont Thelflew ¢ontfolidehiee of otaifni §usiesteirptheld rieller ks faethehe

diffeﬁgnu al between the first pressure and the second
Lo conpare the differential to the pressure

B guenis bR BRt baMberaRE TR DraSsRE Uik R

ferent

th t h f t d. 8. Th
1 ovP e eglSrentoh o the e Bs Sl RUab SN e
i s fypéraes acéstiigdstRe s*e@oﬁé"n%ﬂé‘éﬁoﬁé?ﬁtu@ﬁ Fi8e H‘ﬁ‘ferentlal

differential thréshold based on the differenti al
befuiegadheingt aressitrepnskibersecand presswe dolessihas the pressure

diffdPRItNI threshold.

8. The flow control device of claim 5, wherein the controller is further
configured to calculate the pressure differential threshold based on the
differential between the first pressure and 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 greater than a predetermined amount, generate an alarm.
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25 pressure and a val ve position. 9. The flow control
device of claiml1l, wherein the controller is further
configured to: nonitor the Bftrst or second sensor for
a fluctuation; and if the fluctuation is greater than
a predeterm ned anmount, generate an alarm 30 10. The
flow control device of claiml1l, wherein the controller

1its W edmputet pRidraxt gbduet cémﬁhélﬂ é séﬁbf/ébrﬁﬁﬂte@ instructions
change in val ve position; if the change 1n valve

siased Pncﬁ’f '?%St@rn@aﬁ%vwmre@q&l% ﬂ@d@me\x@eum hy at least one
pﬁfdé%%@?ﬁ) an alarm 34 11. A conputer program product
conprising: a set of conputer instructions stored on

at | eacsiveoaeneasypemment otadisdtipeesmaeym execut abl e by at
| east one processor %0' 5 receive a neasurenent of a

fi r sTEGHVESE fmeasUrement oba serend prSSER: of a second
pr esétﬂél%te ABES Ry ﬁ‘)cﬁ‘ﬂFéi'nﬁ‘@dé 8f Spéﬂafu?ﬁ WRERP} he computer

operation, wherein the conputer ' 1nstructions
IF@%@GU@@)&@ @xeamail@ieltatcelcmla‘te avflovaraeesed ana ahfferential

bet ween e fi rst ressure and the
bgfg\é%e% ggtswpgsurfoa%ﬁ’lea ﬁ?li'fﬁ'to a second node
of 0@ é@ite Qﬁcor\di@l@é‘sébﬁwd ﬁ%@%f@fpe‘r&lﬁiﬁ Wér@ﬁﬁth@re
operaleto cal ate the flow rate based on

corepytardestpiclisnaeee apetatiaite calghlate Hrecliow rratesmmqn and

mRALIR BERHE ol S Raleh i PPRtuB soRB0% 87 by cder i ned

par agwiteh beﬂ;@etzthemet IPRHR W @peRitRE A0 Heoshtinddhode of
claim 1l, wherein, in the second nbde of operation,

opgration@cgprdingine dredefinad rarpBieierar e execut abl e t o
calculate the flow rate based on the nmeasurenent of
the second pressure received froma downstream

19r esThe eosmmerrprogfhrm@roamm of alghut £, vmergrri;llin tHenskbisind
in the second nobde o

E&fﬁﬂpﬂf@]‘f%g']% 8¢ %"%C%M&f Kstiuglions,atq @%@c%@@e to
cAlseR M o Pate%%ls%k!'cﬁft ﬁletlﬂéaéur‘éwle{rﬁ‘b? tid Qé'&dﬂbe?regrshure

measurement of the first pressure froman upst
rgsedesifrem sedwnstream pressure sensor.

13.  The computer program product of claim 11, wherein, in the second
mod_e 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.

14.  The computer program product of claim 11, wherein the predefined

parameter cOmp_rises a pressure differential threshold.

15.  The computer program product of claim 14, wherein the 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
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25 14. The conputer program product of claim11,
wherein the predefined parapeter conprises a pressure
differential threshold. 15.3The comput er program
product of claim 14, wherein the conputer 3

0
I nst [ c e ut : termne.th .
Wit BPEES BBl KRS, Aok of PBLElPR e ile Fferentieb ng
bptvesstUthe; firsopresserd aied the $@iopit prabstire it iesep g e
di ffergg{ei al threshold; and 35 operate according to
Prassure diiereniipd tyeshpler ation if the differential
between the first pressure and the second pressure is
greater than the pressure differential threshold. 5
166. The commui¢eprogramraodpctafwidimot 4,chleerainlthe sdiefei n
t he fet.lﬂ%f conput er insh[uct_i ons are executable to:
CORPHIRIRRYHIONG ¢ SXERRRIE Vet ween the first pressure
and HeRryREOME di ia BetwrHPRES] L |
t he pressur emodlai ?]?gfézﬁitﬁir g? t hr es%gﬁr%trﬁg%%urfe%rﬁf‘ofygféaﬁdgﬂd
pgssdrali ng to the second node of operation if the

diff ' n. the first pressur nd th
secofaBriEthe AR-ERALL el preshui STl Pocntia; and

- di ff eperate abcsrdirepieothe. sebénd Thsde endpiération ifABE Afferential
product of claim 14, wherein the set of 15 conputer

betwaan fbeifisptpressureand thepsecond rassureds iessitbap the pressure

d 'eﬁé,ﬁfaqiﬂir'ﬁglll igt hreshol d based on the differential
Stneen the 1T st pressure and the second pressure, a

supply pressure and a val ve position. 18. The conputer

rogram product of claim1l, wherein the set of 20
1o npfﬁﬁ% COMPRST RIOTEHE PAPRLGHQT CIRUM 1 VIRTRR] Wt 351 OF

c?ﬁghﬁeﬁﬁns@rﬁifé% W€ e28059bIef tBrcaI&Iéﬂgﬁ@%ﬁééﬁﬂe@?&eh{ial

uctuation 1s greater than a ermn
thaeshold basge narthe differeatialrbetwen tid rst prpsdure goiddbe aescond
roduct of claimill V\ger ein the set of 25 conputer
PR&FSHI @ TUARLY BRESHTE PREA IR 0PSIEPE (o oni tor a
valve for a change in valve position; and if the

chan_ge in valve position is greater than a
1&r edéhe campedersprogram pgedestarf elaam H1, avhreirOthesatef hod

cc?rfnpﬁ%rll'irqs?tldckiggs %Iré) %r&noer}pe&'(a%h%%ie to: monitor a pressure sensor for
a fluctuation; and if the fluctuation is greater than a predetermined amount,

generate an alarm.

19.  The computer program prdduct of claim 11, wherein the set of
computer instructions are further executable to: monitor a vaive for a change
in valve position; and if the change in valve position is greater than a

predetermined amount, generate an alarm.

20. A method of controlling flow comprising:

measuring a first pressure;

measuring a second pressure;

in a first mode of operation, generating a valve contro! signal based on
a differential between the first pressure and the second pressure;
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30 neasuring a first pressure; neasuring a second

pressure; in a first node of, operation, generating a
val ve control signal based 3 a differential between
the first pressure and the second pressure; 36 in a

seco f ' . ge J. t he val ve, contr gl

=+ ond 2B2end oEE LN I e Ve e fePra

based snrenmeasenrd prsdura 4 phititaldrgrueanetdasbi:rapid node

of operatjion and the second node of operation

acco??ﬂ’l‘tg]@'nﬂg)eéwﬁ%&@ ?'Fféd'”%ﬁ aheresption apd thesecard mage of
[ i ﬁﬁ@j ] ening or closing a

oggfééié)ﬁ érﬁggg%ﬂé:fétgr}tﬁ%dté e vgﬁ't/d(gﬁ%tgﬁtrol signal. 22. The

met hod of claim 20, wherein generating the valve

ont rol signal Qb d on the neasured, pressure at a
20 1 15T SR 28 UuRer APPSR CrGBIG: ok SR gIRevalve
réspoveiveBithe lvafieddsiird?arfdl.on the neasured pressure at |

a upstream pressure sensor. 23. The nmethod of claim
20, wherein generating the valve control signal 15

ase e, ressure at rticul ar ;
23 e st InE BRI e SRl ferfarefing e g Rpatrol sgnal
based onlthe ngrsalurbdpesksare bha paRRAISteBE @@SsERoR bomprises

downstream pressure sensor. 24. The nethod of claim

geperajing tae Nalvecontiel sionabbaged anthe massuid peassumata
ESSHY, i pal threshold. 25. The nethod of
u@f. arm fﬁ?g%%%ﬁ;eg]rgbtonpri sing: determ ning the
differential between the first pressure and the second
to the

281 et Sheifipe & vl g cgereraiiag hspislve Sagtrol signal
ba§EPHA R nichsuigy Bfés%hr%gijﬁ PR FEL e sI:erFsBﬁ gomprises

differential between t Irst pressure and t
gereratitg ine yslveedntrol sigaabbasdtaon theemaasasxlipessure at a
d ifferential threshold. 30 26. The nmethod of claim 24,
PR S EiSYSOlet erni ning the differential
between the first pressure and the second pressure;
conparing the differential to the pressure
244 t f Ehe methpd of claimadQy wherein the predefined parameter comprises

a pressure differential threshold.

25.  The method of claim 24, 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 first mode of operation if the differential

~ between the first pressure and the second pressure is greater than the

pressure differential threshold.

26.  The method of claim 24, further comprising:
determining the differential between the first p_reséure and the second
pressure;

comparing the differential to the pressure differential threshold; and
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37 operating according to the second node of
operation if the differential between the first
pressure and the second preggure is less than the
pressure differential threshold. 5 27. The nethod of

cl ai . . [ SJ L.qul gt e.Qressure,.
ai 11 Spering Socnfliog 37 e, Se@iLiRofil P pbBralealit i difblehta
bbbtewethet firet piesstirepans the secord prebsursds 0ot thAIRE hesssire
p$r',4¥ %ges ure and a val ve position. 28. Method of
d@f’eé B hrepitidher conprising: 10 nonitoring the second
sensor for a fluctuation; and if the fluctuation is

greater than a predeterm ned anount, generating an
23l ar rhe 29ethdHeof oaimd2l, dbrtoéradomising watduatingathppressige

e ishal e hie AlnisatinhoSthere e diet Rinssue and
tHy SRIRId pressure, BIRAPhEpiEsad APHValve SSAE6AL I Ng an

alarm 30. A conputer program product conprising a set
of computer instructions stored on at |east one

onp | the. set of conputer 20
2|§'nst %egé?%ﬁggg%%%%mﬁﬁm”ﬁ'%st one processor to:
r ecemomitoring isé s6ENE@TIHITEr 4 FlastualionPatd FalRe feasafion is
| ocated upstream.of a pressure |oss el enent; receive

greateiihan chradstarsined ameabhganssating amalarsbwst r eam
sensor downstream of the pressure |oss elenent; 25
nonitor a valve for a valve position; determne a
24 f f €he methbd lnd cledm2Q, faertheasamerdsing.essur es; and
determ ne .a control resolution based on the .
di f 1 EEHPTIAR SR RAS TSR forAahangaiinYalya ppsition; ard
val v b bk Q0 v e aR.
Compt y handirRive pisneR ¢ giatel i plodelomiie amount,
gemeratiogamtalarmnst ructi ons are further executable to:
determine if the control resolution is acceptable; 38
if the control resolution is not acceptable, generate

3@ Si Aﬂﬂmﬁlﬂeﬁp#bﬁahﬁﬁoﬁ th\/&)_ﬁlﬁ’riém?%%tb?l%?ﬁﬁ‘iuwr instructions
Stpidjen aIdesé PR IOmMBUEEEablecmagiunthersehnf pompsiare:
instructions executable by at least one processor to:

receive an upstream pressure from an upstream sensor located
upstream of_ a pressure loss element;

receive a downstream pressure measurement from a downstream
sensor downstream of the pressure loss element;

monitor a valve for a valve position; _

determine a differential between the measured pressures; and

determine a control resolution based on the differential between the

measured pressures, the valve position and a valve resolution.

31. The corhputer program product of claim 30, wherein the set of

~ computer instructions are further executable to:

determine if the control resolution is acceptable:
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5 receive a new downstream pressure; determ ne the

| arger differential based on_.the new upstream pressure
and the new downstream pr essfire; and determne a new
control resolution based on the larger differential,

the ; L. | | uti 10
557 KRN FreRORbh 0 nBE e chipbiE: SEnBIT s dldriitg s
thérealsetto change theuvaive ipasitibnab izonew kel piditta that will create a

eXec i%fablrg' tl_o: determne if the control resolution is
afi%'éﬁg SBF8A% £ the control resolution is acceptable,

sel epdedife aHdd %ﬁpéérﬁr:é’ﬂ?%srﬁe' 15 differential pressure

t hreshol d. 33. e Co program product of claim
30, vérsie a nevedownginéan presatrenct i ons are furt her

le t i t ch.het f ] de of t]
ona. JeEine e Bl hibad A indnow spkphgoessure
afd bise At dowistildr pFesturél shd 0 the differenti al

pressure threshold. 34. The _conputer program product
of cHalerMite aview eoniral iesajetiombasedopdbe largesdiffiendritiahthe

r : ine t.he control resolution by:
“%Wﬁ?ﬁ%fé#%§8+ gagpgﬁéﬁ%ﬂ%ﬁﬁthg'a percentage of a full
scal e pressure by 25 the valve position as a
gerCﬁHta e of how much the valve is open to generate;
3 nd

PEOPIRHIRPIRgram eroductof claim 30, herebthesset of
c&ﬂﬁetér%stm&ahwr@mﬂ%‘rtex%eg%ué{ 19: 30 a set of
conput er Instructions storéd on at |east one conputer
r eaddéieemimeif thercentes] wesdilitois @dcdpeatsie; one processor

to: receive measyrenent. of a first pressure;
recell ﬁo%‘gg 8§®H§WE Iaceeriaklsntelpridbe diderental as a
diffeRrtfaf pAcRRrdifigsh@ga first node of operation,
wherei n the conputer instructions are executable to

generate a val ve control signal based on a
i ff ntial between the first pressure and the second
33 < T EbhRet ST proRrs of Siel SerabribeompuiSr
inePactidrisodre fRAELEXedUIShIR t6 QWREh HetivBah aUfki PRe g%rf ® peration
]%Eer able to generate the valve control signal base
angha seread ede of eperaiien hased paradnepdrisonsrsabsegeent

difiERsHkis ®Mle differential pressure threshold.

34.  The computer program product of claim 30, 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.

35. | A 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 measurement of a first pressure;

receive a measurement of a second pressure;
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switch between the first node of operation and the
second node of operation at%éor ding to a predefined
paranmeter. 10 36. The conput’dr program product of

clai m 35, wherein, in the second node of operation,

t he ut abl.e
e etk £RRETo 8 EATIGN BF BpBKRoB FAIRI MSmouter
imstastionsant emécuthblestecgmﬂnérateraeeélue eohi6ediyesl Hasehoh a
wnst r.eam e sensor. 15 37. The conputer
ﬁﬁ% %&I‘H &e heo irst pegssHe andilae 8peONG AressEres econd
node S
e SPerfPHFotdl 1 T8etohd Mok AUk AR IGE 6182
compuiteriesinectimseare mpeadble e gbneaatte phe salve e;o nfrbbﬂgaal based
ssure sensor. 20 38. The co r program
Oﬁpao'&\fggu regmgeg@ a %@'rcgﬁaﬁ raesype @88?‘:)? d par amet er
CONPEEER b@mémwﬁsﬂhfofd@r&raﬂééndméﬁ&hﬁé geco'ﬁ%%m-'éaé of
conput er program product of claim 38, wherein
opsfaligneaccording te ataredefinadeparameienbl e to: 25 deternine
the differential between the first pressure and the

second pressure; conpare the differential to the

3pr esT hee:om;fdter proigrarh prodesthst dkina®s! wi@@r@[rﬁtirﬁfthe second
accor di to the first nmode of operation if

mpderelQReTaten. the sabetcamauter ingtrustiess ar%emtaw@ to
SRS PP 55 el MR scona

prassure teagiverd fadm B8owndtesarnprebsureaiengbr. conput er

instructions are executable to: 40 determ ne the
differential between the first pressure and the second

3PI eSTHE RonfRIBAERgHIA g_%(ﬁu (i 35 Quﬁé}%.rPfr?&Me‘g%d

differential threshol oper at € according t
megesH @pesaléors the pet aft gamputer ir‘rsdaructubrhsamwe:c@dutéblbetovveen

st pressure and the second pressure
opikiats ' R ERRES Gta arin BRS Memstiamenio! the frsfgessur
froeravupstresmrasd e @@nebr.of claim 13, wherein the set
of conputer instructions are executable to cal cul ate

the pressure differential 10 threshold based on the

38 oo T BoMRLc PG B Gt S a5 Mo rBnG RO e

parameter comprises a pressure differential threshold.

39.  The computer program product of claim 38, wherein the 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 first mode of operation if the differential
between the first pressure and the second pressure is greater than the
pressure differential threshold. | |

40.  The computer program product of claim 38, wherein the set of
computer instructions are executable to:
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aBIUBRAMIOR: Bhd ﬁ_tﬁ@ﬂﬂ&h&ﬁgﬂﬁﬁeﬁg @raggagpz%%aerﬁﬁné‘%g{n@%,

42. The conputer program product of claim 35, wherein
the set of conputer instructions are further
executable to: nonitor a pré‘é’sure sensor for 15 a
fluctuation; and if the fluctuation is greater than a

pred 1. . 1 alarm 43. The
Comparcy e hedRial BERFES: thedfisEoiunein fitcsasand
poéssurenput er instructions are further executable to:
20 nonitor géé/al ve for a change in valve i)ositi on; and

i £t IGEMIRRER e fiferentipd to the pressuresdiffeeentiof thrashold; and
d i ] .
b roRRr A IREORIN the SERidHhBag Br BplfdTlor f e yifFients
btwesnuthe fisbpmssirgand fexsecbmt pessur isilessthbnrtht prosiire

ratio etermning a flow rate based on a
dﬁf?&@*ﬁ%ﬁﬁ‘ﬁ%ﬁbw@tmen the first pressure and the second
pressure; in a second node of operation, deternining

the flow rate based on a 30 neasured pressure at a
4har t iThgl caMpites Bpgsardgeduct efralaiswi 3 clharpirbtersstoft he

j i.Qn dth econd node of .
o3 athen B Tudlon i o< et i Pilats parinstup. difigreni
thfesholdthasddah bealifleréAtianbstveion taE FRstTHrabsire i theQ¥cond

rate based on the neasured pressure at a particular
PISSSLIER; 3 SWRATY Bressyrp and @svalve epaitianng  the flow rate

based on the neasured pressure at a upstream pressure
sensor. 5 46. The nmet hod of claim44, wherein
42et el he mionputéeprbgeam prdeudtagethinrss, e eRager @4 of
pressure sensor conprises

ressure at a particyl ar ]
C@@PHE%"H?‘H&“"PE@@ fihar e chiabletos menitor seersssue Sensor for

met hod of cl ai m 44, ined para r

genengite saslarm.pressure differential threshold. 48. The

nmet hod of claim47, further conprising: determ ning
the differential between the first pressure and the

43€£COTHe céﬁw_pfmftgrs;gﬁ??ém%@mtidf%l ifE3s iR &GEi et b the

pressure dif: ial threshold; and operati ng
cpeeiadingructionnere furterexdeutsbletwer ation if the
di T1 &loRibt &\valve for a change in valve position; and

if the change in valve position is greater than a predetermined amount,

- generate an alarm.

44. A method of monitoring flow comprising:

measuring a first pressure;

measuring a second pressure;

in a first mode of operation, determining a flow rate based on a
differential between the first pressure and the second pressure;

~ ina second mode of operation, determining the flow rate 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. '_
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between the first pressure and the second pressure is
greater than the pressure differential threshold. 20
49. The net hod of clain147,4ﬂurther conpri si ng:
determining the differential between the first

res t " j th
B T arE Bl SYAAF AR BB Gy IR hER raGhasga on
thaen theadbiraxbpressiregatea partitivhg greséure s‘éﬁ@@ﬂdorﬂ?ﬂ@e@ﬁetermining
to$ﬁrat|%n i f c{he differentjal between the tirst
B BQW RIS bRRpd ¢l the SRS UREREESES at 3 Basirean pressure sensor,
pressure differential threshold. 50. A flow control
device conprising: 30 an inlet; an outlet in fluid

46ommitiedaeihod afidaint 44 wherein detepmirssg the flos satel lergaaton
inlet and qutlet in fluid comunication |

o ERleed Bresbu o il st Sspre sbeo e s ietermining

theofiel edictRsdadedintte PablRPHRSSYeLat é’&éwﬁétié?rﬂﬁrgssure

configured to neasure a first pressure of

SePM ng t hrough the flow control device; a downstream
sensor | ocated downstreamfromthe pressure |loss 5

el enent, configured to neasure a second pressure of .

47he fTheirethbdwf eipimhtg wetherelimigef predefist patansstsl 66mphises
val ve to, contr ol th?_| flow of fluid through the flow

ATBFEPTHE c@fgﬁfﬁefé‘?'l targsholg.cont rol I er coupled to the first
pressure sensor, the second pressure sensor, and the
val ve the controller configured to: 10 receive an

48pst Tbamethed oifi claimhr4infutieeuigehprisingsensor; recei ve a

downsgtream.pressyr asurement fromthe downstream
sensgrteTiilling e difereniial befwsen the st pressuicoand the second
pfisarfdyi ne a differential between the neasured

pressures; and 15 deternmine a control resolution based
on t Bempefing thediffigrentiad dethe pressurediferartiapttesshuldsand

t he ition an .val ve resolution, 51. The .

A TRy i
betwdorothedirst prebsuirehfid the second pressure is greater than the
presstre differential threshold.

49.  The method of claim 47, 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. | |

50.  Aflow control device comprising:
an inlet;
an outlet in fluid communication with the inlet:
. apressure loss element between the inlet and outlet in fluid
communication with the inlet and outlet; |
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configured to: 20 determine if the control resol ution
is acceptable; if the contrqgl, resolution is not
accept abl e, generate a S|gn§@ to cause the valve to
change the valve position to a new val ve position that

Upst LA o B Toetlbll G o B BrifuRa i ctoment

. cpnﬁglsr@ddo niederaiatast pessaregef a fukiffioving tiaoubB ke flow

E_ Q%W up )stream pressure and the new downstream

CﬁP g 'and determine a new control resolution based
on t%&idvﬁﬁﬁ@an‘i’béﬁ@érﬂﬂbé

and the val ve resol uti ont%ld A vﬂ?stré_%hﬁ’{"frpﬁlof\f\v%ﬁ%§éﬁ|‘e9835
etRiperte configurad to Fleasune BEHGQ:OTIHQ)FGSBIIFB aff ke fliis flowing through
tﬁé)%wt ?g‘ﬁg' dé\gCedet ermne if the control resolution is

accep if the control resolution is
acceptvaieeto Gottrs thd NEwdifffiLRT 8bLGH tHRSicw cghfrB?@@\ﬂéé aAncl
pressure threshol d; and switch between a first nod

oper &tGoAolpricerRied dnthatist prﬁssuc@eﬁ:@aqroﬂnecmmdmfessure

sgﬁﬁ’@ﬁhﬁgﬁgl\éfﬁg%ﬁ@%SH{roﬁ'éufc; gk fle? Lo LI

essure’t 053, A nethod for a

f | owrecsNeg ah u@etream prespuiesirtd: the e@etruamgsmou pstream
pressure froman upstream sensor |ocated upstream of
a prEEEYRA wsarp@ﬁbwfessw megsHamgntdrorm dhe dowastream
sBh&ssure neasurement froma downstream sensor
downstream of the pressure | oss element; nonitoring a
val vmdrtﬂorma/wlvefqroa;va!werposdmr mning a differential

bet t he nmegsure ressur and determ ning a
con}/\ﬁg{érm&%f‘ %ﬁngaa@’@gwﬁﬁ" é?cgﬂquépr%ﬁﬂgen
. the I
val ve raa .%ﬁtra'é,%%*”t@ﬁ?ﬁs%?ﬁo P Rene
measpredpiagsurase the vialke pgsitiontars 2 valvegkesolatiohut i on i s

acceptable; if the control resolution is not
acceptabl e, generating a signal to cause

| 51.  The flow control device of claim 50, wherein the controller is further

configured 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 differential, the
new valve position and the valve resolution.

52.  The flow control device of claim 51, wherein the controller is configured
to:

determine if the contro! resolution is acceptable;
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20 the valve to change the valve position to a new
val ve position that will create a |arger
differential; receiving a nédW upstream pressure;
recei ving a new downstream pressure; determ ning the

25 ahdn? eehFRCRs TR 7S B piabensdBt fh el ng =

differentil prédsure esholNah@sed on the | arger
differential, the new valve position and the val ve

r esoPYiteh hetween afiestraode of operatianansia secpnchmode of

op SRS APt L Al gFafl s R i
peessepd Hivesholdel ecting the differential as a
differential pressure threshol d.

53. A method for a flow control device comprising:

receiving an upstream pressure from an upstream sensor located
upstream of a pressure joss element;

receiving a downstream pressure measurement from a downstream
sensor downstream of the pressure loss element;

monitoring a valve for a valve position;

determining a differential between the measured pressures; and

determining a control resolution based on the differential between the

measured pressures, the valve position and a valve resolution.

54.  The method of claim 53, further comprising:

determining if the control resolution is acceptablé;

if the control resolution is not acceptable, generating a signal fo cause

the valve to change the valve position to a new valve position that will create a

larger differential;
receiving a new upstream pressure;

receiving a new downstream pressure;

determining the larger differential based on the new upstream pressure

and the new downstream pressure; and
determining a new control resolution based on the larger differential,

“the new valve position and the valve resolution.

55.  The method of claim 53, further comprising:

determining if the control resolution is acceptable;

if the control resolution is acceptable, selecting the differential as a
differential pressure threshold. '



