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1 SYSTEM AND METHOD FOR FLOW MONI TORI NG _AND CONTROL
5 Rel ated Applications The present application is a

continuation-in-part of and clains \
priority under 35 U.S.C. -120 of Ungm@ mﬂmmm%tent
Application No. 10/777, 300l entitle @m and

Met hod for Flow 10 an|tor|ng and Cbntrol y Brodeur

et al., filed February 12, 2004, which is here

ful |y BREEENoAND. METH DwﬂQRsELQWrM@NI%ORENﬁlBNBFC¢MEROL

| NVENTI ON 15 Enbodi ments 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
BACKGROUND I n sem conduct or manufacturing, accurate
conkedhted ApAfi ddttighd | ow t hrough manufacturing

tools is critical tor the precise fabrication of

ci rcui t sThe fuesent applicreerrbf £ gPatipgatipn-in-part
cur RN S TCANIGHAL Kihe FROUS ACLLE 9L SV EhARS: 38 u.5.C.
mass OM/HE af

determnes the ffow rat

~in §he03p§t®mﬂﬁuﬁ Statdwe Pdtenmtrapplibatiidnbio.

adj yst ss flow controller opeps,or closes. a

val t@/ gg?@%&n@gl?tw cuéY%‘fﬁ"m §9E E‘ﬁ'ﬁgf’gl §°5n%l°w

pr e&%ﬂ&%o@ﬂﬂﬁf&{& | @dn PBSE” fﬂ)yg\/\Bi’*QdGEEeé% atlhoughied .
thermal nass Tl ow neters are becom n nore conmon. In

a pFebsueeyi¥d erdii4alwhich is ohﬁrﬁbwefultlw/olpp@w@ﬂ:@ted
sensors. read the gssure drop 2 across a

conStr i€ e(ﬁwen?/%lrg H Acts as a pressure | oss

FIELD OF THE INVENTION

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

flow over a range of flow rates.

BACKGROUND

In semiconductor manufacturing, accurate control:
of fluid flow through manufacturing tools is critical
for the precise fabrication of circuits on substrates.
To control fluid flow in current semiconductor
manufacturing systems, a mass flow meter determines

“the flow rate-of a fluid in the system and, if the
flow rate should be adjusted, a mass flow 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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i nduci ng el enent, having a known area to cal cul ate the

flow rate of a gas based on known principles of fluid

dynam cs. Using the calculated gas flowrate, the 5

mass flow controller can adjfust a valve to increase or
decrease the flowrate. Prior art systens that rely on
pressure differentials across a constriction

t ypiacaldsys dununstrﬂdtﬁdnxiwh&@ha@ttspasaa(predﬁume loss
partlcularl the 0 range of eration is ofte

i PRy SAFRR ¢ AEE DR ARE P8 5 Pedel R Loulate the

di f fralentdAde hﬁﬂ V@ﬁ{))aé Neadd® o ERRBHS %&Q@f&%lséb soBl F1uid
as to be indiscerni jPared to system noi se.

Thuﬁynram@aw&%m%\rérﬁw <au$¢wdcgﬁtsr diljoxt yate, the
phy |4 f I 5f

T ARSI YR ad et et i ase ox
to aentreaisd ywroonfYod fd toss haV|ng rates of 20-100 ni
per second because, beneath 20 er second, the

pressure ﬁ¥9%wﬁﬁﬁ|%§5??Tﬁn?¢@¢tﬁﬁl pPEs SR W or s

'S'dl¥ﬁ§¥ﬂﬂﬂf31% ZErdds Of debnd Or £¥LERG iU KL POhave a
range to lower flowrates, in sone prior art systens,

ac itiast ixangevof eperaltien. crdsres pamtemylarky, | the

3:"’?' acqjet_ogﬁ‘ o%{f&?%}]tf§ %ﬁg&gﬁﬂﬁ%@g %t low floy rates

det eﬂatcalusmertkfé Presdese XDfLepbRyiag &dﬁﬂeﬁan the two
restrictive constriction reduces the maxinmm flow
capRGSPIGY Q?ﬁpmﬁﬁeﬁof%wa%ig?%eﬁofP@IdHQﬁﬁﬁﬁ5ﬂlble

B

i nventfilaw mmmllsglsisnphwﬂcatlhod:amﬂﬂfé onf controlllng
i SR BT trepreh 49 BEvRPEpdecond, the controller

may only be able to accurately control flows having
rates of 20-100 mL per second because, béneath 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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flow nonitoring and control systens and nethods. More
particul arly, enbodi nents of the present invention
provide a flow control devicg that can control flow 5
using a single pressure sensor. In one node of
operation, the flow control device can control flow
base% on a iffe&sntial determ ned from pressure

meas 0P8 Te FESUFPo i fu PLSHCY 3 Eaa s % REPFLOuFdy developed
exanmglew e itbewngoanolcttide LA SANLPH hbRWokE. More

based on the differential between pressure _
nmeas BREFFUd ardyim ampreiaend ss erfs drhaustesemtofinyention
pres QS | a _yr.essur ensor downstre

of t%gggrlggsér glﬁgggggl%g%nté% I r?eaﬁgl%erc%dgo%r"l Tlow
oper asiiow, at sénfllewpresisuale d@tise: .CaN e W & Olhollkowrl5
based_on &he pregsurg sensed at. a particul ar pressure

sensOPET&TANas tPRe £ 8Wh§PP&£ﬂﬁMQ§¥&H§3Eﬁﬁm@??t¥ﬁé flow
fl owbgeelr oh dew §¢csan taulo MGl ilnG W L Sh {BEE\A’%%% -

nmodes of operation at a predetermned point. Th one
enboBeasHrepentie fppms mul tiplenpressure srrdetrst. nFoaed

20 ' n a parti.cul.ar, pr.essure differenti_al .
anot REAnE8E PRentL8r” RRE R Pa AR S srenfboRastoy
syst baskdr oaotheobl ffig ren@Waso ity deds gk isREessur e

*J neasurenents at a single pressure sensor
EnboBPREHEETER L EhET Ble e RESISTVESt iSERSOHM U sbresm of a

i ncl geesaulrkoWosqnkfghefleviatg 4 %&éﬁ?ﬁf§ﬂ§%ﬁg ? HbwAstream

h
change has occurred that nay require recalibration o
t he Pfowheopreskudevices kdlemeatenbhddi rerdtloértinede of
controller. can nmonitor a pressure

resent _inventi
gens8Pe(-‘_8. &99'a958m3%9r'e&ﬁp§re§seﬁérl§ea§@rr) fontzgl flow
fluchdaeoss. the phesklive! 4ahis@Es a8Xee¢h @ icular pregsure
predeterm ned anount, the controller can generate an

al ar itPAAFcafPAp BAathehdownelreéen prespurtmveensorbe The
flow control device can automatically switch between

modes of operation at a predetermined point. In one
embodiment of the present invention, the predetermined
point can be at a particular pressure differential.
Another embodiment of the present invention provides a
system for controlling flow solely based on pressure
measurements at a single pressure sensor.

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

predetermined amount, the controller can generate an
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recalibrated. In accordance to the first aspect of the
present invention, there is provided a flow contro
device conprising an inlet, an outlet in fluid
communi cation with the inlet, a pressure |oss el enent
between the inlet and outlet in fluid comunication
wth the inlet and outlet, a pressure sensor |ocated
upstream fromthe pressure loss elenment configured to
measure a first pressure of a fluid flow ng through
the f]ow control device, a pressure sensor |ocated

2 LRFTH stREETR § ¥ T s Sy 19556 681 Brventhaves 6Rf PGur ed

rd @ TBesik & a second pressure of the fluid flow ng
through the flow control device., and a controller
couplRB e IdRNGY st theeddursds sersoit afd thkepsesend

ols ' saNsr {0 genarale 2 | v [ Lgnal. The
lcéﬁ??%%ﬁer can dgﬁ rated%d5§lgg%@b%€ggf%§igﬁgEQSased
cawpri s thd far entlied], et wexrd etthe rf ifilsti dpressuneécandohheith

seco pressure during a first de of operation, Th
ton r%nlg? er? Far 4o lé’%ﬁere&tegeéltcg’legé’egf}nte’ssl lggﬁﬁaﬁng
ownalsed -1 roNf Ju i dTeRGied RRESSULRE tal thepanllk€ULAl outlet, a
ressure sensor duriggggﬁtsecond node of operation.

PEIRS 1ot e OY° Yper a6 Y£afo FECMC NPy PEBRSULBRLOSS

e Bdioth Rasednan A o edeliuied 2 RaaRebebstBredor & fluid
reset differential, a preset pressure at one of the
fﬁ%ﬁ@ﬁ?,tﬁquQRnﬁhﬁiﬁiﬁw Fonftgoledgvigs, of Bressure sensor

1R Ed S U R s O 'f r8n ?h@eéreégﬁqgtﬁggs gg?ggggfdance_
of the present

to the second aspect ravention,’ there
carsf gruonadiags meaomet er spcogdaprpseduet of conrfbihg a
5859 Gompu erhinﬁéruction stored.on at_ |east one

oSt S AR BTE FuTPRAG Oex SEUL 5Bt e2BY At COMEERtLer

COUlel qaf ACe I flidstl peeis¥ara BRASBreHRAttRE JeddAst
ressure; receive a measurenent of a_seco_nd pressure,

PLeS Pt 8 SR &Pdi9RGE S i VL VRDHELIBE dbErati ome

coM& QIR r can generate a valve control signal based on a
differential between the first pressure and the second
pressure during a first mode of operation. The controller
can also generate a valve control signal based on a
measured pressure at a particular pressure sensor during a
second mode of operation. The mode of operation can -
automatically <BR> <BR> switch based on a predefined
parameter (e. g., a preset differential, a preset pressure
at one of the sensor, a fluctuation in the readings of a
particular. sensor or other parameter).

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 one processor to: receive a measurement of a first

pressure; receive a measurement of a second pressure;



the conmputer instructions are executable to cal cul ate
a flowrate based on a differential between the first
pressure and the second pressure; operate according to
a second node of operation, wherein the conputer '
instructions are operable to calculate the flowrate
based on a neasured pressure at a particular pressure
sensor ; and switch between the first node of
operation and the second nBde of operation based on a
opd £ARL IS RATARILLL. iR s2ChORdaBEe b LB Lflerein
aspect of the present 1nvention, re is provided a
tiet dp wife measiriueg ianki pse epeessabée heasaltndate a
0 ressur e [ f|r per. at
eSS TSR Bl g Balersribignapebusel BhEL et
pmhéémmfnnkahhbesweendtbeeésnsé popesHEe aﬁdotaen@e@@nd
res ure a second node of .operatio enerating
$ 3bﬁPF59t§P§nth8£§é8 BE ¢ EEE?Ed pressure
1rﬁ.§tlﬁhcﬁﬂrdd501é|r%r opREaBIHr eoseamﬁlatanéhév\ﬂs@l Pfte based
between the first node of operation and the second
Oy AEGFS UFEY BEICSTVAECcBFdRNGEbLgulpFeBBEFpidEe Sensor ;
aRAT RIS belcheRACORLARE st OmBAS S@bQQEPQEEOQf?ﬁ&m%he

present invention, there is provided a set
sgemsltmede iofs tpecetons baeedt abl @ poedefbhed PrETeRUMTEL .

measyr %’E%%E%a}m%mt% EhE Ehs H‘)Qgé%t“&? PReSgrdsent

measur enents for a fluctua
irfdamtivat,i ahetre asppedeﬁdéd1aeﬂethﬁdtoﬁnﬁea$ﬁriﬁgea first
fluctuation is %reater than the predetermned limt

PIeSTsr e S SHE AP 2 SCSeR0r BEREEUFS thénf%uﬂlrﬁtagmq

opfrdthemr @eeRlati AYeRt vONvet BERErbS PIGYifesh & S&n of
conputer instructions executable to receive an

diffareadmagr 6ssuren Fhenf ans ipBTeeantsemRdrthvcsacand
prEsteam;af 1aREBRgUREAe! 985, ﬁéfgrgmn, rESLLYE fhg the valve

downst r eam pressure neasurene
control signal based on a measured pressure at a particular .

pressure sensor ; and switching between the first mode of
operation and the second mode of operation according to a
predefined parameter.

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 iimit,
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
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6 downstream of the pressure |oss elenent, nonitor a
valve for a valve position, determne a differentia
bet ween the neasured pressures and determ ne a
control resolution based on the differential between
t he nmeasured pressures, the valve position and a
val ve resolution. In accordance to one enbodi nent of
the present invention, there is provided the conputer
program product as def i ned @bove, wherein the
d8%§§€£é8£dopaﬁﬁﬁﬁﬂf¥s%f¥yﬂ¥a§%e%1 meh®SSHchito valve
differential threshol | n accordance 'to the fifth
faspecvabye ties ifrieontde tienwemte @ndlﬁﬁemenmsaprbemdednathe
r ro r|S| e ut er
mgggﬁg%gt %%ggg Qi(%ﬁﬁgfr qg%sﬁ She cgépﬁnglPea bﬁssed
onedhendeﬂf&mﬁnﬂﬂaﬂ mpuMEdneaﬁb meaes uriedC @Ieskutres, the
ceive aaﬁeasu ment of a first ressure; receive a

Zgu?%%% OTHea fbgg&gepF§§Q&P§l operate accordi ng

to arhidsdormdfoft PRAARBJiMRaeLE the peerBHEEr
i nstructions are executable to generate a val ve :
1eveRE B s gHRAe Has &F oA 98 ddithre CORPRER ThREREEATt REOdUCt

afigstindd essive andAhe %ﬁ%oBQeBE?§§QBepa9QﬁE@E?
according to a second node of operation, wherein the

cemppLies 4rﬁﬂQﬂﬁHﬂeoﬁgff&ﬁ@n@p@dabh§e§bogénerate t he
val ve_c S I S S ressure, at
a paf? J%Jfﬁ%wéﬁgﬁ}gﬂgeggg%ﬂ a§8g§% of gh%e?m%en M he

1mvemtlwuxkthﬁre3par@tb&ﬁdaddatbempacemdprﬂgdamoﬁroduct
redefi ned paraneter. In

eratl on accordi to a
colRoio i (51 RS SOTPHA2naes LERoEianEr SEaRpd on at
LéAyendn®ondi@led ireaPh8YedfddduRetReduebbMNby 05t Nteast
flow conprising neasuring a first pressure, measuring
O%@s%%ﬁﬁﬁfscﬁré§9uﬁ@ceﬂﬁeaafmﬁ§§uﬁﬁﬂ§n§f06pér§%¥®h

pAeL &1 NinG A f QWnehaheehasaedoen asgbggﬁrspéégére,
betmeen the first pressure and the second
operate according to a first mode of operatlon, wherein the

computer instructions are executable to generate a valve
control signal based on a differential between the first
pressure and the secdnd pressure; operate according to a
second mode of operation, wherein the computer instructions

are operable to generate the valve control signal based on

~a measured pressure at a particular pressure sensor; and

switch between the first mode of operation and the 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 con a differential between the first pressure and

the second



pressure; in a second node of operation, determ ning
the flow rate based on a neasured pressure at a
particul ar pressure sensor; and sw tching between the
first node of operation and the second node of
operation according to a predefined paraneter. In
accordance to one enbodi ment’ of the pr esent
plrB¥eatEPNinthesecdrid Micid ded B IHOWHONHERL (H8WiGE the
that conprises an inlet, an outlet in fluid
feermhnte P of vt B A SYRfckPres stires e tprepagitdcular

i : u seq f th
P S onty ol el e and LS o R auar s s S
opeeatupe artsore sEworsbmads lodr opamalié oncentbgdied to a

V. control signal based on a neasured
pggggéﬁ’ﬁ%‘ %algglﬁs/eletneg ‘e pressure sensor (i.e., the first

pr essuracsedntceoftd hmd larbdbdimehtobfdetecpreskit
.accoyrdance_ .t o one enbodi t of the present _
L7RGRRE Pom, SR & § PHTOVAed 2 FABPN6ARF 3P r GHLEET At
cbhpri séhiraigh led,| QW cuttied! ideviaeqbasffluffcation with the
_measurenents froma single pressure sensor, the

intehod? ot 485 SYeSs FEN$Q L/ pedShr Bagt ba fhesenly

pPEESSIE & SENSOIoF GRILCYALING o ftE:IOQWdEQESe, bazgd, 0981?1: roller

pressure neasurement fromthe first pressure “sens
caupled ster tdfe quldsisuatel sensaranBher spncoapaei ngab hiee

0 t. . poi_n nd generating a | ve
C%%ﬁ%%ﬁaéoesgog r%nse%gg % d aotr‘{afl Re %PP g 5?%@29‘6%%/ \?\g‘éﬁe? he" @
neascredtect fduow atate samdleeprpesaoke b8nasco(dasce tive

one_enbodi nent of the pr invention, there is

h .
EHF oV i RfstP SH Lo msaeser ﬁrfoﬁ%ﬁﬁ%auem%ﬁa% deBhpel ses a

set of LEHdRIce RSt bret cRBSIRAYhRJok NELE USEL 985
_executable to receive a pressure neasurenent frpn1a
1Ry¢Rtionyr ddsifice iseREOVidedl aumatbod fFPow a2 bredt o

tR RS GSHUR TRRSUNCHBRL B BALERCA T ASIsREERSME From a

sensor and a set of calibration paraneters, conpare
sineld [rowssatre sensoset thei methodndomyents at@ meyabwing
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 measurement from a first
pressure sensor, calculate a flow rate based on the pressure
measurement from the first pressure sensor and a set of

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

and generate a valve
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8 control signal based on the difference between the
calculated flow rate and set point. In accordance to
the seventh aspect of the present invention, there is
provided a flow control device conprising: an inlet;
an outlet in fluid communication with the inlet; a
pressure | oss el enment between the inlet and outlet in
fluid comunication with the inlet and outlet; an
upstream sensor | ocated upstreamfromthe pressure
| oss el enent configured to neasure a first pressure
of a fluid flowing through the flow control device; a
cdownsti regnskensoyed grattéd dowisreeam beorethethe calculated
S 0SS pent, configured to neasure a second
fPé‘gsg%;eg éo g {t %qll?ltd flowi ng through the flow
contIroIac@tevda:ra;e aovahe eselvents cadpenlt bhetHd @wesént | ui d
t I devi ce: and.a . controller
AR O O SR SRR £ B0 (e lsing: an
Iplreetssanemsfel@sfronn élnudt hemmygiivatibe vidit tbé| mlet, a
l.cég%fu'rgufc%js te@.emelrxte%lt\{r@eﬁr\:ﬂéoﬁkﬁ.g@rgrg %ﬁ%yéte fr{ ‘%'ILEEG

upstrean1sensor recelve a downst ream pressure
CORFREH FRFERT WA EBNTh d ndetmand eaflsen e ups pERAT Genspe

10@tee §9¢t RaMakYsn ROS biosbu det gL g erl%m@ng' ééﬁﬁ%ﬂ&b&l to
bet ween the nmeasur ed pressures; and determ ne

MAFHEPOR i ESoPEET BHFhaSed DitithElif e tBARE tﬁétﬁé@ﬁ
cdtheoreastired api@asitresn dditoval ¥&atRas ibief @36 @rom the

| | d to th hth t
o R P e i, GRTT R Thapc™ % Brodi etrs REETES f

tHepifluid | Dwwioat tiofougdviloe flmrrpoﬁl&i‘dlgdeﬁ?@@,'l ‘i Rglad to

cdtRFbi AL RABSUE i8R RS EREAM0,SEBROT ARALEL, ana
upstream o pressure ['oss el ement; recel i ng

caidwnsier moupled sty 6hneésmtemnssmreomeasdow13ter eammd

praRRaos s&gwstgrﬁﬁmh@f vhle RhESSME 1988 & TRlked to:
nonitoring a valve for a valve position; deternlnlng

recedive fat MRELAPAHRLREEATE HE ORe BBEINMRS LTpRBSIANSES; ERRPive a

Ak e SAmipgte s u £ M@l r &RSe! Wi bRNcHRAYBHN O ddA€ sensor;
di.ffer tlah&ee ween the nmeasured pressures, the valve

mﬁ&3§Pf| vg Qfapvga+%ﬁsgpathﬁp 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.

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 resolution based on the
differential between the measured pressures, the valve position

and a valve resolution.



8a Enbodi nents of the present invention provide an
advant age over prior art flow control devices by
providing for a greater range of flow control.
Enbodi ments of the present invention provide another
advant age over prior art flow control devices by
providing for greater accuracy in neasuring flow rate
at low flowrates. Enbodi ments of the present
i nvention provide yet anothergsadvantage over prior
art flow control devices by providing nonitoring to
indicate if recalibration is necessary or an error
has Extmastimeh t sBRIFERE hBESECR BRIt ONn6EntHon DRAY, NES: a A
(gore conpl et e under st andi ng of the _present |nvention
AR A QAT PAGES Briér 80P VP bE CAc GV EBSHYY
pr@fRIIANEIIO at e hlelrowkngedesCriipli @Bntt-aken in
conjunction with the acconpanying drawi ngs in which
| i kEMFUEKGESTSe Ofuitber BrRABNEatBVERKECR R OY 8 and
a & raah@dge Lvkd ErQb§95§€ngﬁb% ESHE?éfnéééi?gsogv
a schematic of a flow control device according to one
PraisHingefiorol relag epr eseprachvent neasuFLBYRELGwi sate at
| 3y Ammtic representation of one embodi ment of a
lo}‘}* gﬂ\jvocont EtoeI%'devi ce; FIGURE 3 is a diagrammatic
r epiEzgedtiatenals of ahe pesbedtnmententiancendbvDdéd efst
FIGJRE 4 is a flow chart of one_enbodi nent_ of a
a 3d A IPEGAEr SVRFNETEPOWAT S TEPGURENEIPL devieRy by
prafardingf mene teRtiRgdref i ABNELOET DY AcPLESSHL€ SENSOr to
determne if a downstream system has changed; FlI GURE
NegSS$ag YdiP&gPANMREEPE Papresentraefion of a

BRIEF DESCRIPTION OF THE DRAWINGS:

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

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

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

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

FIGURE 4 is a flow chart of one embodiment of a

method for controlling flow;
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5 schematic of a flow control device according to

anot her enbodi nent of the present invention; FIGJRE 7
is a diagrammatic representation of a flow contro
devi ce using a single presstte sensor; FIGURE 8 is

di agrammati c representation of 10 anot her enbodi nent
of a flow control device using a single pressure
sensor; apdcERBURELIS asfaoll eWaghaldf @nd Imerhsdtofg
one enbodient of controlling flow usin neasurgn;ants

frofCRiEPRENE Br BESHFETSeFEPFOT S DERYIED Ne 1
%S%ggg%leg&egggggﬂ gaRodhaRRLSy of the invention are
e

illustrat In the FIGJRES, |1 Ke nuneral s being used
to refer. FOGURRe6amd sodisgpemtatg parepregentrtion of a

vari o dr awi ngs. _Enbodi nents qf fhe present_inventijon
pr ovT eﬁag?FoaicsnEESVIQPntﬁg (é%YHééhﬁﬁf%ﬁdlng to
el i kgt Repr elb6AEmeAsS6EI &hed prdder iidtveattidhow

control sgstems and nmethods. One enbodi nent of the
present i B¥EHREorA 25 Rnefagesripatisy iapfigstreitiontof a

has ffoHpé%BEilglaagvig@Wﬁﬁﬁhga@ ERPE ©156880Fe ddhsor;
0 the fl

one node oper ati on, ow cortroller can
control tREGURBWEr asedbagedammatiichequmssanieation of

differeptial between the_pressure negsurenents from

the TPSEPEAnPRRETABRAE PEaR SomibPn L S [GCLhGE HeyLng
nodes ohgPRepatk8lret BEnBo@§SWRY control ler can

control "the flow rate based on the pressure sensed by

3 parti cuFAFUBEeSsdpseas&Aoyr chanth ofs ikhlkugiprating one
0 . f
o) ShRSRTEERE 8 ECRERRTL N Taad Y e SipgMnts £rom

nodea sfinaper preeBuréheehiskst. node of operation can

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
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be associated with higher flowrates, while the second
5 node of operation can be associated with | ower flow

.rates. FIGURE 1 is a diagrammtic representation of a

flow control device 30, accaoding to one embodi nent of
the present invention. Flow control device 30 can 10
include an inlet 32 for receiving a flow, an outlet 34

for gl ' [..CO ernds..of aflo
Lo BESLLaMBILOLY SLSh LoVl cB O cr can
pl atinchade | logboeter autbmatd cadist rwitteth dsettwedn the

other pressure |loss,elemepnt), .a pressure sensor 38 15
upstrPoe%ﬁ? O?Ep?%%gﬁé o ossabﬁeﬁé BHGSY rRPERE RN can

t he BaipsésSAPE@SHUER REQRRL F1oW 3w Ld 19 TR €second
an upstream pressure, a pressure sensor 40 downst r eam

of fRedl RE PRA%ak]eReaan3be( pstociat ad wisth hower flow
"do deam pressure sensor”) configured to neasure a
20 downstream pressure, a controller 42, which can

i ncl ude PFEIGERE L sisnendibgranmdtief nepreddtSidCdh 06 a
afluyid flow rate and/or for

‘ — ' |
ggﬁeﬁjﬁ%‘re Lé“ori%x”;% VethRer 3P sPgReIrdiagd te \Rie enbpdiment of
(e. Ghe Pprdsait | imgegt 6nval F@owaggﬂl%fi%tl Vitce a3o ﬁcearn

butterfly valve, a pneumatically driven valve or
val Vdi&km dth imketar33 ferpomseiwing heEled,vean outlet 34

cont SJ l_toreggulate fluid flow. Upstrea
pr esé% edls%eﬁ{s%fn%f aﬁ ‘ﬁo'\%\ﬂsf’_kr'g‘gﬁl B ssé?én& Tpw
can sisstoapapiednerd YP8ss 381BmeAer 8% {(ieV.l,YRE orifice

transducer type or_ other t{pe of pressure sensor
knowh-a%e 4 ik} dimpmeterttuhe, or copstrimhest esma or

SCnSRnR UL IENSLS SR ORRRYN S optlitle Mhngor 3o

deviugst3taambepmhenmral Llyssnelementh 3tespEerred to as
the “upstream pressure sensor”) configured to measure
an upstream pressure, a pressure sensor 40 downstream
of pressure loss element 36 (referred to as the
“downstream pressure sensor”) configured to measure a
downstream pressure, a controller 42, which can
include processors, memories and software instructions
for determining a fluid flow rate and/or for
generating a valve control signal, and a valve 44
(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the valve control
signal to regulate fluid flow.

Upstream pressure sensor 38 and downstream
pressure sensor 40 can be capacitance type,
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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to the fluid. Controller 42 can be coupled to
upstream pressure sensor 38, downstream pressure 5

.sensor 40 and valve 44 via, for exanple, electrica

connections. The val ve can imclude a val ve drive
havi ng conponents, such as mcrocontrollers, to
process the val ve control signal and open or close

val V§e14éo£ n4ée§ﬂga§gdt 2ol RE VB £ PUIRIng! @{1@% Vcl.}l'I'Off‘ow

fluid (gas or can enter ow contro
30 atonbtrel G€V19a3§0thanu@b wﬁemachﬂkyuinqrEswuth respect

I I 36 d I 30 at
out 16 A EhRtH eam BPEEERNd SZolor a0k B O IR Feam

pr esapis Er&&n dpfeéguean sefReral:y ur&dvfrﬁad}}éa'in &51?é§é’1‘i§e
signal 46 an domnstrean1pressure si gnal 48,

can PeneryHi 4@ 2pd Xﬂéﬁég4§|gﬁéhsﬁﬂﬁne&%ﬂnkﬁﬁﬂﬁle¢h§lcal
presg&gﬁeg@ggﬁlgem@hg @El%sga%a(?rwﬁﬁ‘ise“ x;\sla::ﬁ? Far£fe

domnstreanwpressure sSensor respec
CbnthmVimg ddmpuaengs,fsuchxamphaprnﬂdnmrdixﬁhs, to
i nstructions, stored on a g&uter readab)l e nedi um can
I

gendP B Ee Al VRS cBALYSI corgr SPI} Rk close
val Veate t £4 ALAI Eéggéngés toedhld Q1A @RS oghéllp&l

pressur es neasur ed upstream pressure Sensor
and/ or dd&n%l@b@nﬂﬁﬁés@@rélgynﬁbrGﬂm Qﬂhﬁn(ﬁlqwtcpmﬁrol

can SEPECTRE aPoibrEFEREy aPop Kie B (ISld drand”

prespness@@@ShosEEéleﬁédttBG Goa HNIeAPIPWE SOHErol device
nmeasuyr enent. The differential can be any
r epr\gée"i‘?{‘ RVeke bt 3the UPFLEpaHc PUSSSHEEh SIREQH 38 (ard

o SR kIS SORLEES Syt e, Wbbrean

di f feressuod shgnbb A6paadedb@@s&xemnppmyﬂsureﬁ%ignéﬂ 48,

(e. gwhlc::ll'(x)ocaI?rzf1 e dlgl%aiI grrI'aIana A n n%q.s t uatarrepresent
the pressure measurements at upstream pressure sensor
38 and downstream pressure sensor 40, respectively.

Controller 42, using, fér 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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vol tage value (e.g., 100 mV), or in any other format
that represents the difference between the pressure

- measurenments. Controller 42 .can conpare the 5

differential to a set pointizo generate valve control
signal 50 according to any control schene (e.g.,
proportional -integral ("PI") control schene,

proprti onaly gral -derivat | (w ; ont.rql.
schg%ggl “dr éizfljrgy ri{)atqhec?} c%sﬁtér o?ié%%%en%gkggémgopggg\}éﬁugﬁé:d
10 wvoliHagyeamia)lueBafsedy on TO0tmo) , sognah &8Ay vahee 4brmat

can,_.open or close tq regulate the flowrate
ol R BB b e (ELEE B of DN PERe hEapressure
bet yReURARNR] PICSSFESE1 & APSELRABLRAPESEULBSENSOr
38 and downstream pressure sensor 40 can provide 15

acc siffigrenddaldr &8 atselk greint | bov ganesatpowalare, cantrol

t he fl r QQQ[ e L h [ i ratiq of
upstsrlggl\r%(wlp§tg§$ur e Iglg%g rté8§rébzdg§%£v\ﬁé?r ggi&ég?egfmgé !
senpaopditdamadledortegal oprpiral ¢oéntsoli EEhewlt, to

make an acqurate flow rate calcul ation based on the 20

di f PEORRATFHOTE HEHRFRIL THREsTR eIV | 47 BIRE) fondsol

at  |s@NeeQWJrale®sy Jﬂﬁéf”é@ﬁHf@ldééﬁ@%@”kh@bncﬁQ developed
beconme indiscernible fromnoise. To address this

i ssd®, then@rdl)|-er Basedicenrchmigredb shenaibsai nwatlvef 44 can
the present i.nvention, c SW tch cal cul ating the

25 &;?\} ‘r%é:t gl%éss?ea:oonr?%‘gf?)’f sgliﬁ?e‘%ﬁ%‘gsﬁ%&'at a

single fdaQewaensolg oo redtes Yaséanofathel aierkhential
flow rate based on the pressure sensed by a

par DedWean pleasiniad RFRTFUredsal Wpskream Prgssure sensor

1S BB A SR, IPLLLERL SRTREG, ROl

cal ialarcstptaiv.) eAczantiagy tot onbgherbplbwephtek .t hBowever, as

pre%ﬂg gfggﬂygégxdgééggéég¥ré%ejgagnal to noise ratio of
upstream pressure sensor 38 and downstream pressure
sensor 40 can become so low that it is difficult to
make an accurate flow rate calculation based on the
differential of measured pressures. In other words,
at low flow rates, the pressure differential can
become indiscernible from noise. To address this
issue, controller 42, according to one embodiment of
the present invention, can switch to calculating the
flow rate based on the pressure measured at a single
flow sensor.

Controller 42 can calculate the flow rate based
on the pressure sensed by a particular pressure sensor
based on known fluid dynamic 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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device 30 can be calibrated at installation to
determ ne the correl ati on between sensed pressure at a
particul ar sensor and the flowrate in the systemin
whi ch flow control device 303is installed. This can 5
include calibrating flow control device 30 to account
for pressure | osses caused by conponents downstream of

f1 ovgeQnLEOLoUEXhCBe3@all ARk al ti'i‘x%t%@il%‘ll_g&?dtcgl ow
rate. Based on this calibration, controller 42 can

genedaterpaheetbencosirediagian betwespopsinaed gpreddure at a

DI eSSUEEs 5,908! SLRQILA SRR LG ALA IR (P Ghe svstem in

upstT éam pressure sensor ownstrea

senswhidh) flowr egnkabd deeideuizd filsoWnsaiaLled. shohié can
be npted that when contraller 42 is generatigg t he
cont%BFl§?§n5P165§é&lBH tHOvE Ot Y iste a3Q5to account

part kg4l Bressisar ;ots%s%%%rseaewbo?@br%w AwnSfeam of

state or can continue sending préssure neasurenents to

cont £bbveeonRroThdewiicec B Obathade a ffaiatultite ncpiteldtedv flow
rate ased._on differential,.to,cal cul ati,n e flow

ot oraBg b ongtel b LRI Rl bed e Rt a st o1 16 142 Can
partgeHeaatpr eagveecoarsol ¢dynRACH0 HesBbhsive to a
arbitrarily defined point. By way of exanple, but not

|i mi PEEFBHATS EdAPAS| Fapmya pad thelid athEangeeh(ahen
the ?éiééﬁ%ké%sﬁ%@o%%s%‘ff gl NyriBLd mltﬁgessure

press asured at a particular sensor Ta
bel osensospél) f ted regudater thize fllluict fAtdwnsat@. ei Theshould

or both ensors.exceeds a . |linit re a single sensor
woul B BPESHERStnyPE i CotHOn Leroh? HiLSCRREALLRG Che
enbodbAeRb1 0k bRE1PHaseR! o\ i stalkmeifk & NG ude a

flow control dévice that conprises an inlet, an
out | partacplasserdsbass téecmiineri senisgid can be in an “off”

ConngggEgtggncgktth%%nh%l%%nal%gt%%éggdfg’mggsurements to
controller 42.

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

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

communication with the inlet and the outlet, an
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14 upstream pressure sensor, a downstream pressure

sensor and a controller. The upstream pressure sensor

can measure an upstream pressure and the downstream
pressure sensor can neasure @ downstream pressure. 5

Over a first range of flow rates, the controller can
generate a valve control signal based on the

di ff nt|aI |n t he_neasured pressure Quer_a seco

ang STt efh et 88T RRHEER P PRl r it i £5E Ssensox
val vamomw@htmgne}: baghed Qpstheap ey Rireaset£6r akan

10 the upstream or domnstrean1pressure sensor The

f | oViIPCRINES 01 MR T EECRRNPEGSENER iaRd (Hdhe Qﬂﬂ%&?%ﬁat

can pAped; A §é19§sr' fahehEaNseE.! @ % \e]aé %%égéure
S|gnal The controller can autonmtica SW t
betW%%mrtmeflr$tsrangde06ffdp@r;ﬁt&m Utha ,Cdrastr ol ¢ hecan
cont r ol nal . on the dlfferentla acg t he second
nodegeo’?er% %r tYBhVEbSERhgOothE 88&‘97 B Pt he

pr esgif Cerérit PaPafihi EHbaheseNgeH) plesyureasel iddr a second
point. FIGURE 2 is a diagrammatic representation of

one rmoﬁﬁmﬁ&owmtew csher @pn&mlé@m@ammerate a
Contmv@%&@#&f §9_ {ogg'e g% e Ipe Cets%%xfe sasured at

recelving a ow, a out
t o otherupsiorgmmeot sdownatikeaw p)tstsemrea s‘érmmmassng@ flow

35, for cting fluid frominlet 32 to.outlet 34, a
or oifirc} (AP b SarthRn,patnate o SRR et e

. Gpe® SOVEIRSSEah PEEEBENRS eS 8BS Yhe Galdrd U Aerlgnal
42 to generate a valve control signal, and a va 44

to Frgyuwentrdllen chpwansopendicad liyo Stwhe:clfalhﬁs:ween the
Cbntro Ler 42 can receive nal s

t | I
oo fh MO o BPLERLLER 12 820 ERSTRE i por
Pr essiya afs othd 0di F epFeaekil) g ahlde tRA VYR P RSS! &f

at the respective
operation (basing the control signal on the pressure
at a particular sensor) at a predefined point.

FIGURE 2 is a diagrammatic representation of one
embodiment of flow control device 30. Flow conﬁrol
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
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sensor. The signal can be an analog or digital signa

15 that can represent the neasured pressure by

voltage level, as bits representing the neasured
pressure or ‘in any other mafiner known in the art.
Controller 42 <can determne a differential between

the nmeasured 5 pressures, by for exanple, generating a

di f fefRNCEn SidPads é’ﬂ‘@’@ﬁe Cﬂé&HhéﬁaH”ﬁr@th@%s llHye voltage
di fference. Cbntrol er 42 can generate a valvé

contlyestelgi gamlblitfasvegpmsehélugf toeemepghred passbune or
t he. . essur signal rec ' fro he_upst

dowial A S e £ ERHES, LhVEhbedai ca R <Y 22
cl osman rcmmﬁﬁn/e & odiPferentivddbetweencehler aleasured

signal. FIGURE 3 is a diagrammatic representation of
one RERSTHERS Y %%ﬁt?EPWBie4deBSﬁ?F6PBeP i ffgrence

I ncl didg AN A8 908 éé’léwﬁﬂé{:i‘h (4 Bresapyer hgrff%%érfz:ew

recei ve signals from e ups ream pressure sensor and

“dowtnnrteanh Jresblireas epenerahd eonedve cbetn:@deusneghal

signal s igitalL.format..Processor .g.,. CPU

act Btshd G b APEeeBREL 8 oFr BRR8H. Br) thish iy
di gléﬁjnaf.l.ahic@ﬁei\?@cﬂn A-bhCoR¥enpetredm &aRyeYe WSt sam
20 neasured pressures, and calculate a differential.

Bas RFGTFUTR IRNIRE ent Valver 46hEaReapeRe@ pCdess

fromd&l 5;55}?%1%“31:6* &8 8£vg8""0§t1'§r%a€b Eeqr siSdamal

proces 4 can generate Irgital con rm
t hat reprESEIRE hois nalcd:llagrammatalcourleprepselmt(altiajm&ﬁ one -

25 to.regulate fluid flo AV con C
oA, o 1 epntrllero T2, REaPb ol I s Aot
si gnlc1 il Senkhdegarsl Q8gEeRLr Qh /13! ¥enedtRr 192 to

t he val ve. Processor 54 can”generate the digital
contresteivws (griednadls eReont thg upstfredsr pressgreEmsarsgor and

can AQlaclude 2-co0LEQ! <8198 LD 3h9Lsd e ifleNea
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 memofy

58 (e.g., EEPROM, RAM, ROM, flash memory, magnetic
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conputer instructions 56 on a conputer readable nmenory
58 (e.g., EEPROM RAM ROM flash nenory, magnetic 16

..storage, optical storage or other conputer readable

menory known in the art), adeessible by processor 54.

In one node of operation, the control algorithmcan

use operator, calibration and/or factory paaanetfas-to

5 ca t gkt al rol_ si ased. on e

i reEUEabE, | Bprdbin’ Tl i e"s%%sg%‘?i?u?%r ahgeRapLle
nmodemefioppekabiwon int thec anttr)ol adlgpysiine dsy ps6ckBgor 54.
nmeasuyr ed gresaure at _an uypstream or downstream

presSlir 8PEeMEEF P OREER 8t fbign ot ot gerithm can
si gnake dper&eBkl Okbadli®Rithiltm 3y Al OFRLLS lb% rameters to
switch between the first node and the secon %e at a
pr edéRimBdapsi hhe ﬁégiﬁﬁﬁnmqatnd#aT?gnalﬂbffg@abnaﬁhe
i t irst t o, t he second npde, when
Cho GLEFERehE O HEckl nlAdfr e (IS 2GR0 AP *48" SRother

Pr ocesder o54opanatiéber, nithe \Woathel t(1 §otEhn heiMeg8e the
the first de of operation and the second nobde of

operBEFBRTEAcRIEFERECo R Lo RN, URSddE@as A h cdPRleterD.

o o neps
‘The s8855@FeakgRLLE %C%%_lg&l%'ﬁeatt eég:ﬁgip%% fclk%%t%l

control signal for a parti ar no [ _

usi ngiamgleonThel cophawrd hﬁgwmﬂuhmﬂuanuaut¢m$%ifﬁngy

but M ted to, PI.D nodj fied, PILD with offset

o PR hoheFirtE Bel Erekn Bt riithd B (Seama paste at
operpié@8f cheat PSiﬁﬁ .er ok exafdhe, TREdHt SO PN gbSithm
then corrected for the particular valve. The 25

cor re’R e3WeEEBr f5pgnkhe ficstvmoded ta drhealisgeend mode when

for t 94 Sj I AL D_converter 52,  and
e The | £ BEePORLRMISHERRS BEISDX AR SE ATt
cur renvcessver 6¢r chkhatietierngset ket Oy Ao VAl MEcH @t ween

osi Lion
nem’@he %irst mode of operation and the second mode of

operation each cycle or on a predetermined schedule.

The control algorithm can calculate the digital
control signal for a particular mode of operation
using any control scheme known in the art, ‘including,
but not limited to, a PID, a modified PID with offset
or other control algorithm known in the art. The basic
operation creates an error signal. The error signal is
then corrected for the particular valve. The
corrected error signal is converted from digital
format to an analog signal by A/D converter 52, and
the resulting analog signal is sent to a voltage-to-
current converter that drives the control valve to a
new position. '

Controller 42 can include additional input/output
capabilitiés. For example, controller 42 can include

a serial interface to support administrative functions
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30 Controller 42 can include additional input/output
capabilities. For exanple, controller 42 can include

a serial interface to support adm nistrative functions
17 such as updating conputd? instructions 56.
Additionally, controller 42 can include network
interfaces to communicate with other flow contro

devi 88n adMBlatial ¥empAHRIH SistPFudl s degi ce S
capabl e of corfmuni cating over a network. Conputer

i nst Rdditénnaddy i epnémedil ethd 2 wany cinckidernehwerk a

vari of-_manner.s, | e,.,tthe ... contyol s
Vo EhtpRealRlNLS ol XA Syl or i E S SbI0RLY

cal cak#tiedspr agmtihe stahttd vep st dd ot féenent dérice
val ue, or calculated flow rate value) to a set point.
As afigPRELCe RENGPEMURICREL N AVe i dyinaliY9cEal cul ating

the diffe i b r I
b@,@gh%ler ehweeR et if%gxr grﬁ%mﬁxg% thE contro

controller n cal cul ate the ween
measalgorptbssdines Wprdetar atfi mpnnesrs. diFderexample, the
signal _using a su r. Ln this case, the gcontro

S onaPr PRI IO EoRole SR SRsbO (SHTPS LD e fakgaLated
on cognaei Ne.ghe di thacanbitald Yrwudd walse] ppéddure

In the second node of operation, the controller can

conp@iéfgrpptdadr ¥adngnarr ¢ad Adatayl foloi , rake herlue) to
t hanja I culated e IEH%... | U ' ow
charf F%iﬁu tBrlg{ti'ngR% %étgﬁglg\igf c&ﬁter’ol |1?1r<f:;éflgl\}véll‘
accoddlgngaid yocelenhadimegntt hedf dilffernmresical bewweedn on.

The nmet hod of FIGURE 4 c be i | emented by a
cont MERFUFeRaPFR§SYRESar %[ﬁ]’ﬁ‘r & KRR %@(%E‘é&?'h% the

a sefjj erec@RRYLE" bbRFbEHC edurdse gﬂ:essfhlsé’é_ tpar ienerating
program stored on a conputer readable nedium The -
cont aoiéfergntied sigpaemsdng inmEimmer aneirrshis case,

geneEﬁgiggn%r%gngﬁgkaikggﬂ’the first mode of operatidn,

" can be based on comparing the differential signal to a
set point. In the second mode of operétion, 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
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including pressure differential threshold 60, preset

30 flow calibration paraneters 62, in situ flow

cal i bration paraneters 64 and set point 66, and can
calculate a flow rate basedi1®n a differential between
18 nmeasured pressures or the pressure at a particul ar
sensor. The input paraneters can be stored on a
CONMPHE S5 eAdARLE STRALUE( @4Q 1 RAM LG

st or age Heviacg or ot her conph%l & reéld!la%g\get %gf%#%(%%%r
5 i nseheoart ) Ther éspute pdirbinertems adart Hyee Stod b db Corg an
be used t deter,m ne when the contrqller swtches ,
bet V\%%’ﬂpuSSHe F&?%nhg?h@egém di€ G gn adetlofagretic
di fferephyal deetiweeBrserpesd RIRPUYES adh P &l @ known
10 sensed pressure. According to one enbodi-nent of the
pr estit thevantioen, pressure differential threshold 60

can be ca ' : ShI essur,e
Che di11orapRbEe AITEE-ate ad SR Y MMKe ged to
val véepesmiinenwhen thtecontiraed lpresitehs firrtanidml

15 threshold 60, fluid can be run through the flow
cont?%?eﬁE%Feg Lhei FoRtartt sigmalab Qi &hs

appr@xfrakehyi49%etwbBg SehlsedCRddurs dhs ?H&go:'%’cular

pressure) of the flow control device is achieve
exanptesedlf prassuyppl yApcosding ito @ mxbodimert0 of the

cont c ' the valve until a differential
contebbehroafuatkish, | Brattlie Midde R Sidlora 6o
downsan ebe patsalbeednda¥ablvonpesid idurEt e Prassyesk,
by the cqontroller. The downstream pressure detérm nes

t he th@ @i tEPrPRELIS)SPERS ARG Sy hd henlsppRiasintessupteremnd the
25 ap.ipdi gaLienpf the supply Ar [ t he,. .
27y 18 BSLESSCRl | MR A B cereneins
abovehvesbhedd 6he €anidobanebel wturorthidfough the flow

control device until a differential pressure of

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

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

Res=(dP%/ (valve position%))* valve resolution
(psi/step) [EQ 1]
. where: : .
dP%=differential pressure as a percentage of
the supply pressure of the flow control device,



the flow control device can be determ ned as foll ows:
Res=(dP% (val ve position%)* val ve resol ution 30
(psi/step) [EQ 1] where: dP%differential pressure
as a percentage of the suppgby pressure of the flow
control device, 19 valve position% is the percent
the valve is open; valve resolution— the resol ution

of the particylar valye, _plcal det e by _the .
5 val ve manufact.ur &°. ﬁ 9 cont?%? eso$L€ g Sa i%e 1s

determ ned b |nsuff|C|ent n,_ conpa |son

to a desired Ve &eJQQ? 5T RSP HREIPR AT nERBhe

sl ope i s tooPRYEHCHRE é’(ﬁﬁlt‘febl IteyPieml hYj deterREned| by the
5 to achieve a VRl manyfactineemi fferential . Wen the

control resolution yielded by [EQ 1] is deened

sufficient, the r i corresponding differentia

| ff I
v eshol d B0, CFf SORGTRT 00 S58Ch 3 0y s e iin: (50-

at whjjchig h'En§1hﬂf1ﬁb1éth n9hSeompatieodf tohe WedHed control
prevents an accurate pressure differential reading

10 Accor@sRy Yol omevahBed ReARise thge sopgerds |t|?\?en‘t3196h the
det ety A5 dﬁéffgéﬁnéag+F§0tEy : ﬁ%% ey %ﬁg{ I% $A%her

be perforne utomati c e contro
shoulpt-assuoe edj fferenhial . enbenniites cohtided presednttion

Ve e TS lES. B)1 L2 S0k AN 8,00 50 be
ar bi idaftd Spod@ihg 8iigetbAwigal bl%"e%ts'dl‘é RAMATR &el R4 ed as
can include paranmeters calculated for a particular

15 §| owpressure differential threshold 60. This point acts
as a proxy to the point at whlch the signal to noise
ratio of the sensors prevents an accurate pressure
differential reading. According to one embodiment of
the present invenfion, determining differential

20 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.

25 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. 1In situ flow
calibration parameters reflect the fact that devices

30 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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control device based on installation of the flow
control device in a flow system In situ flow
calibration paraneters reflect the fact that devices
30 downstream fromthe fl owagontrol device will affect
the pressures sensed at the flow control device.

Wiile this may have little affect on flow rates

cal e ressure differential, it

ot o P LR Sy ot oTBGFREPRPeas fha control
20 geviteukban precssva itnnspsd Jheeel 9hetadlbh@®n to
contro| ce can be recalibrated after installation

to %%?%’Bsg B iR Sy e e HpeRT bANpRAAABEELS 644 that

t hatacé@ﬁﬁ{éntfo&o'&ioqm@ﬁéaﬁ@'ﬁé’@i’ééﬁs EHS KR 8k ttﬁ S

calibration can be done, for exanple, by nanua
ente¢ahgb§9§n@m:9aanha(dan&ueﬁonrebympheaubgnmhﬁﬁally

of t ntrol l,ed device.routi Because th
cont ST FEERT, PYeish GReGS fafvies he BYoanr gugonated
basesoptwabhe pobsIdIacrt dewrdd i ﬁéh@inéensﬁécéhsleo%%
10 flow rates, calibration paraneters 64 can

est SEPRERellernvddd &vBid &ﬁ#ﬂ @ﬁt@hmlpﬁetbﬁtﬁlow rate
o r.oug
| ol oHIEd WA L B TSRO, Loves

corréb@mnnstEG | availridor aft ieom pxwﬁmﬁﬁefsoa4feanfbéld 15
Vi scosit 1§ ﬂﬁgownstrea pressure | oses requires only

an of1% 't&nb(?“l?s@&‘bé%dsltl?@?nogl Eherpegsent
Ca'liﬁﬁ@h@ﬂoﬁQréﬂﬁéﬁ'd@4léﬂfﬁ§¥ f1ow &al b?fﬁianthrough

paranmeters 62 can i nclude paraneters use
cal cthatfhgid roowrod: deysdsml ors 2Doggsas ypke fllow rate

cal 57T SR B S CndpreehEat for “Hiuid

aCCOwﬂﬁﬁgsiﬁyaaﬁd@@bhﬂ%@@éﬁhtﬁ¥3§%&@@ 1&508n-EQut bEs only

art. anseéf glegt vg?.uree%roei%ntusse% dfsSItEI(fe in situ flow
calibration parameter 64.

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

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

differential. At step 74, the controller can compare



flow rate. The calculated flow rate can be conpared 25
to set point 66 to determ ne how nuch to open or cl ose
a valve. Set point 66 can be updated automatically
by, for exanple, a renote caerputer, by an operator, or
in any manner known in the art. The controller, at
step 70, can receive pressure 30 neasurenents from an

t ry at_ste
005 A PO OBMOGH EADLBL AU SR, Lo Si,
74,tdmffﬂr&mtﬁabrthaashoﬁﬁaﬁe 21 Ift hecaxldwl£ited pressure

' differential t differentia _
i

i's gmﬁ¥é§héﬁ@n6@feééﬂtﬁog'Eﬁﬁrﬁﬁgéﬂtotéﬁéﬁﬂﬁ%cj5¥herw1se

control can pass-to ste erwise 5 control can
5 pass aateh gan E@S§t§9 g6ept A8.control | er can

cal cul ate gihe d;?"‘ﬁsratcﬁeb%%%@r%ﬁle'}e S A eide the f1ow

bet ween measut & réssures using prese

cal i hrgte dragped aort £he 62ffefbntlraan Hes wikire ez dg
to any schene for,10 calculating a flow rate based on

a di SHITeF PHINGeREBFEY £re¥sGAddDLRFHPN Patreters 62.
art. M;i$iamh Ke @Snet hecethen h@Bd’a & UM Ot d B

can use in situ flow callbratlon meters 64 to
10 det eq@kmukateing oay £40€. rathi bas&nl m @ormb.ﬁaﬁﬁmnmragl in

to a sche 15 cal ulatln fIOM/rat
L0 PReAIT HRLs3-E8) RHLAE! 1Y ! A A1 Gubaseq, ofy,
presdlee dthér K&hdpreheoBotdrve 1efr da@Wust & situ flow

(stored, for exanple, in the nmeno of the controller
or odferiRIApIRRPaFRBEEBFE ﬁédmnpédc@@wrm dhsy flaw rate.

cont Q{4 £1dan ztg I% n?oglzg:?uﬁﬁgt g‘b 2 %Qiemearﬁor 't

conpare the c oW -t
15 t he fdadwulsteinglo®sfhow Eaualbhhedsem.ﬁowmhgléﬂpressure,
Co”tro”iﬂdlég gémgaring the measured pressure to a
calibration curve of flow rates.(stored, for example,
in the memory of the controller or other computer
readable medium accessible by the controller).

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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82, can calculate an error gain based on the pressure
froma particular sensor (e.g., the neasured pressure
25 fromthe downstream sensor). If, conversely, the
flow rate does equal the seip point, the controller
can calculate the error gain based on the differentia
bet ween the neasured pressures (step 84). At step 86,

the contraller ca onvert the_error ,gai,n to an apal og

30 val ve gﬂotntSfl'bcf‘ds](i'l ;kﬁ?al ngﬁ?ﬁdc%nlﬁ_‘?‘n}ni @ftge“ﬁfé At vihe

cont contrldral dot@rmhed. whctber/ tB4LLL8u P8 e flow rate
repeated. 22 1t should be noted that, at step 74, the

cont PEISSS Uetldrer bt arenkdal dncaleasusias fpoessares or
PaseRaGd O did SA0LLALe! ALMAMLR] RSRSUEROL | his
based on the pressure at a particular sensor. 's* 5 _
det edeiteamigratciaon beamede made Eaoh acjjhia)\r,ia- rellew | Bat® is to
be cal cul_ated. .1 n,anofher enbodi ment qf the present

muoREr G bt or b naPPEReCaAmBemnt Hor thapresent
a priﬁﬁﬁdtﬂbﬁﬁﬂﬁﬁiﬁedé@eﬁmihﬁ%&bﬁ_@Qdﬂdé'ﬁﬁﬁ%?gggfrding to
In this enmbodi ment of the present invention, the 1

cont PoPr&deddmesh| schedelehdef Jow eaesyaddomdii gl secands) .

*part GFUE TR ols QRSE SLEOPLLE L. BECOLUN 1O SIGP,

76 or step for a predeterm ne (
bef ocentteiodilmmiaean el delate sheutdoﬁwtbgg!%§dJﬁﬁﬁ?g to a
ot her de qQf operation. Mreover, steps - can be .
15 cHPg%é&ugﬁFlﬂPé; sOPPERLAEPer et § - dePEanTking to step
[louT6r e st 1Y) £08 % bEABEIAYNEAIHLEAIE A ine,
threshol d 60 (or other preset paraneter) can be
ar bi bedpirey dedeamiimiory wietlberr ibedhbnldomwinei & the

20 ]l ow an_be cal cul at ed

bascachit M55, Gds R rF65Png APERPESEs ngeRsrds dypan be

cal i bagrtieg e HyYW mass flow meter to determine a flow
rate. In this case, the pressure differential
threshold 60 (or other preset parameter) can be
arbitrarily determined.

As described in conjunction with FIGURE 4, the
flow rate can be calculated based on the pressure
reading from a single sensor by calibrating the flow
control devicé 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 oné embodiment of the present
invention, the éontroller, using computer instructions

stored in a computer readable medium accessible by the
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control device at installation to account for the

pressure drops caused by downstream conponents. I|f

t he downstream conponents change, the required offset

25 may al so change. This cam3occur if new tubing is

installed, the flow control unit is noved, a

downstream filter becones restricted, |oose tubing

Si T Ihribid A, eaRCABRIR62CERS Ur UM LRy Wstrean

occurs that can affect the sensor readings. 3

" Accamdl mpures tonearnbedsoest tof entseine dderit the pressure

i nvention, the cont o%ber, usi ng conputer_instructions °
FFhgass

st or AFATHEEI N @ 2 ° di iRt SRty PRkside

23 oItd ddLiredanangel t OFo@nexAimdAQ,h iaf ¢He upstream
upstream and downstream sensors to ensure that the

pr es PHES S U IRRHRAS sIeASHEEeSsefSo RS id@ntbitHe idewrseream
out si i For, e I Jf the,.
pst Fsallnd SBTL0F (kiR es Sos I diniro G gpense
downginoesms pridss ucenseoide rireasubes ca2if ipfiralirtdénerate
di spense . process, thg?controller can be configured to

f

genet AL L e f PHBSHERAS: SERRCLe F&RdS ifside of +/-

out si @& fsit/rimDe Psis! 8t 56 HRit Q1A RH 5 during th
di ffer.en?{ al) duri ng the 10 di s%erjfselprocess,lav%)i I eurlng ©
cont déispenganntredes, dehder comteodddng Aritdl drhe

base%o%s zgeltagtgtéje%égn inﬁgga %%gﬁé%%’escfg%ﬁh? : ctuation in

i ndicatet He sysfém _
recala praissurefsémsot| eancontiehtedetate tie M tdehas

flow contro] device is not 15 functioning properly. If
t he E&Wq'eerﬂ‘alﬁb?g ﬁﬁﬁﬁﬂ-éprﬁ[‘:&@l“uﬂlﬂg dhe flpw control

downgjer8uD %exns%a% gggé N1 oGORbA LRS! &RSA deP i-s5trgo§

(indicating a . pressure i ncrease from
syst dmnaftiem ire-properdi/l eLf thadicogtireoldlkangs d not

o iR e, iR AR oA, TLRY (8URst el s2naor rending
could increase to .5 psi (indicating a .25 psid
pressure increase from the system after the -
controller) leading to change a deérease in the actual
flow rate (e.gqg., 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 visual'alarm

or any other notification of an error condition known
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of a nonitoring process. At step 90, the «controller

.can receive pressure neasurenents froma sensor

(e.g., the downstream sensonrd4of FIGURE 1). The 25
controller at step 92, can conpare the current
pressure reading to one or nore previous pressure
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step_94 can gg&frate n alarm The al arm can be _an
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24 |nvthe aF St eps 90- gguggﬁgo%?ggﬁgeed4§g¥}d8¥¥uhs and

repehfegot 1ﬁ@hﬁﬂﬂtﬁﬂlfkpprOQBESOédeNGURB &haﬂwanVLde
(oW aEbEPle Modb Bk cGREPY) G5 BRbRHg Hsshim &eidtnction

fl ow con evl Cé capa
i nstwithi PAGURES 3 -44. not limted to rom1contrm

devi ces that E@ﬁ%t multiple node flow control as

descri bed FRY Act i3y FANRR BURESEPre semtabipng of

i s aaﬂb@ﬁé%"@ﬁrb‘o‘a R SEA At £ 9By OF h

enbodi nent of a fJbM/controI EevyceongggﬁFﬁgxlcfbloo° Flow
cont fentgedi deviee dd0 icrh utlecindenkat ibQ2t AV2 for

recejying. a _flow_.,an outl et dlrectln .a.flow

to o%%%?ggﬁﬁﬁoﬁeﬁﬁfﬂﬁ %Pf?%§£§95 th £91p St N9 s flow
el enedt ot Her( eotpordhit id£CE PLéhiesysHRld, & PRIBNure loss
tube,_a constricted area or other pressure | oSs 15

el enghemens AP6s <@ -seramronbBiapsplatey ofsmalds siimmeter
Ioss SES"EHtc£9§f&§b1§L£%£ré£ 8§ éggefegﬁkkggg%u QSS

pressur e’ sensor sensing an
pr esslementnson bk smmstseasool 108e8p8tedadsdf pressure

elenfggslg E%EGTH%jfééngigg tgoggsgggamdggﬁgggf
pressure sensor”) for sensing an upstream pressure, a
pressure sensor 110 downstream of pressure loss
element 106 (referred to as the “downstream pressure
sensor”) for sensing a downstream pressure, a
controller 112 for generating a valve control signal,
and a valve 114 (e.g., a throttling gate valve, a
poppet valve, a butterfly valve, a pneumatically
driven valve or other valve known in the art)
responsive to the valve control signal to regulate
fluid flow.

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

pressure sensor 110 and valve 114 via, for example,
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20 sensor") for sensing a downstream pressure, a
controller 112 for generating a val ve control signal,
and a valve 114 (e.g., a throttling gate valve, a

poppet valve, a butterfly vdPve, a pneumatically

driven valve or other valve known in the art) 25
responsive to the valve control signal to regul ate
f | vied ddiom.c dps coeamgiriesssr e AkhhonghO8oc&ndhown for the
downst.r ea gresaure sensqr 110 can,_be cgpamtance

0

Ly pe =K<t oPSEPL typd R 1SRG dRE e NP THTENG RgLo

of  HHWRSSUEBNERBIAle KOV, | ipsPLedfmt preaiurd |finsbk? 108,
can be coupled to upstrean1pressure sensor 108,

dowfliQWnstine pRePEFESS Wens1naad hhE sadveailve ild. fofalve
examriﬁlzfora%fhfﬁkﬁ te'&l cﬁ?&‘ é‘ ﬂf‘égﬁFﬁglF‘ gg@ib%oé

sho e S|np i CI
i nt emmcrtgmtmgﬂdedmt@rpméssl the ¥h2yveupsintassd s:.gnal
pressure sensor 8 downst ream pressure sensor 110

PG AT PS40 Silos s Ly YAIVS LEPRBPIFRTR 4P the valve

COMtsl SYeRads rFlQIle%ﬁ@fbfraevE@eprIW§§aﬂ K&inction
val ve control Signal and open or close the valve

respgoisilarky the flalide cq;ﬁhlccpbl dgvgqal 30Flofi F IEBIRE dl,

dovi D o AR bR Vi G FrkBuphlich B gy 1oss

t hr ciligimdrite pressure |fssvied efRpbughi ehet &aflvew ng
through the valve. It should be noted that, in the
enbodi merkt ofhoplduke motrd dtkat dohRstheasmpasismend of

SensiGure) &S b%@%hr%@@dﬁné@%%ﬁ%léaﬁs%Pgep SRIMYE 18l is

downstream 15 pressire senso uctuate, due
to anmtgmmnofvala\lwelm.tl,Tktetnefpressunedattemmrsu:feam

t he downstream syst has ¢ ed and recalibration
i s AECEEEHS, Sans %ﬁ]ﬁgk%éﬁ%%rgﬁgﬁtﬂétﬁddQHed5ﬁh§Pﬁ&%%S in

of Wﬂlﬁblﬂﬂ4 ASTherefore, to determine if the downstream
system has changed and recalibration is necessary, a
third sensor can be added downstream of valve 114. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the third
sensor and, if the fluctuations are too great, can
generate an alarm. In another embodiment, the valve
position can be monitored. If the valve position
changes by greater than a predetermined amount, the
controller can generate an alarm.

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

can include processors, memories and software
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described in conjunction with FIGURE 5, the controller
20 can nonitor the fluctuations in pressure at the
third sensor and, if the fluctuations are too great,
can generate an alarm |n aother enbodi nent, the

val ve position can be nonitored. If the valve
position changes by greater than a predeterm ned

amulhstiifc ot Nt s 2l 48t e¢AR ndSREIAL L1 @ aF BN rate and/or
FIGURE 7 is a diagrammmatic representation of a Fow

cont £6F @snei@atigny ac¥alvengondrerde sidnwal neand ef valve 714

t he esent J 1,00 . El ont.r device 700 ca

inclggé dduéiniefﬁggbngoggFgcg%%%%jsz?%ﬁfe nVSE?Féta

30 7batterfliy ecdlive, aaf paeuia tdidzdrl ¥ dipDAent 6adfedor other
a pressure sensor 708, ;a controller 712,

flo stem )
whi cRa1¥En KRG iR oRZE) KeTRABFLES SRd tOEf Mkt control

26 bAghECtiONSdTadst eifia BRI fluid flowrate

and/ or = for generating a valve control signal, and a

val ve 714 Presspre ssemsort 1DRgcgat dbevatapgcit amppetype,
val ve, tterfly. valve,_ _a eumati.cally driven

val vgigr o%geﬁt%Jé\/aﬁ%ekanngﬁutcﬁé: drfBe 1Y poRetetype of
t he pabsswmntsansosikievnt Onr etel atra: f| Wik fhO¥ions of
Pressure sensor 708 can be capaci t-ance type,

pi ezBPEEHSAR REARSVES oFSAGLET 7@)%@?@05(%;:61?0 type Hluid

pres?EB@ﬁﬂ‘sﬁ{rdﬁW‘flgwgggn@iBl Qrtig,‘q We lscl:“% e

upstream pressure sensor EXPOSE
f | owchgmtilreduigh ifieavk ceithokedpeicte tAOG AN heid.

chenij.cal | inert_wth respect tgQ the fluid.
Con{r}FSP%:é%élﬂff 075?\7{? b(éa%o}agl EﬂngeHr &S RTETBIRRrSemeor 708,
and ¥ARV&allk Viiy 08, eX8FPkgamphct fén]%%_t tal -

connections. The valve can include a valve drive
havi AgnB@gideni.s, Thehvadvei crocamclaldecrss, vdlve drive

Procgds HYE JRlpsh A | OLushond! ndRd L1058 o
process the valve control signal and open or close
valve 714 in response to the valve control signal.

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

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

flow sensor.
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valve 714 in response to the valve control signal. A
fluid (gas or liquid) can enter flow control 20
device 700 at inlet 702, pass through valve 704 and
exit flow control device 70@7at outlet 704. Pressure
sensor 708 can generate pressure signal 716, which can
be a digital or analog signal that represents the

pressure OBRSHOEIENT B0 2l RATESHI Q1 BLPS 0thd081 0%5 rate based
Control l er 712, using, for_ exanple, software
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present inventi fJom;gﬁ trol , device 700 can be

t
cal i'‘brH e%o%*fr‘?ﬁs‘?%‘fjr%ﬁ oS ddterdthedt heThis can

corril@tudd &1 VELM S588SEd W w:.eoﬁtde\?fé?éo“] 0608023¢count
the flowrate in the systemin which 10 flow contro

devifer Tessuresiesses. caisedtdy ¢¢mn><m|ental dowastagam of
flo nt ige 70 essur
¥ LS éc%dggil &ev:.c% t7%0a ovvnst?%% h?l S culated

| 0ss€s” calse ent’s

contfldw dextee 7l@£)sédlabnaftfl'ﬁ<§ daihl@ﬁé*@ild)ﬁlt edohtewller 702
rate. Based on this calibration, controller-702 15

can‘ﬁﬁhég%ﬂ%r%5$v%a%6%tF@Ptﬁ%ﬂuﬁlgﬂﬁﬂr%%%oﬁ@ﬁ?@nﬁévé to a
Pr eSS S 3t INM gh 4 P LR A FEIS OhehSof (eS§NSO%ensor

708) to regulate the fluid flow rate.

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

be coupled to pressure sensor 810 and valve 814 via,



10

15

20

25

30

708) to regulate the fluid flowrate. FIGURE 8 is a

di agrammati c representati on of another enbodi nent of
a flow control device 800. Flow 20 control device 800
can include an inlet 802 for2sreceiving a flow, an
outlet 804 for directing a flow to other conponents
of a flow system a pressure sensor 810 for sensing a

presgyi-exam @t r %E{E%rtrﬂ:%f nggega%{ nga% %\ﬁqh not

control S|gn a val ve 814
gat eshalmne foa phppeakeab\fe shmpbiitt eyf, | xth\eadevmarﬁ_be

neupati cal | drrven val ye ot he | ve
Phe- REeSTantnfic o8 e Bekardan eonbrerder Eldnaprdpsuze
regusah8oll Bid bhawwalvesH L. sengoke8894CAn further
be. capaci tance type, 30 plezore3|t|ve type, a

tranéBGéEﬁeopoﬁPQQ?nF?peSﬁChFﬁ%s@@ﬁ@°§@@§@ﬁh&ﬂﬁﬂw|&D
the giggiggan ﬁv@lt%ig‘ﬂﬂ:(pfzéfgggidah% %p%%s%rre close the

sensor exa
eIecValvaIrespoasuvenso ﬁhﬂmm@ﬁweotonsh@mﬂ§1@hdﬂu3 Fluid

ot vEGREEBN PBPEEF 80015 i Ear cBRc Bl oA s Cont i isvice

I f I t
814. 7%0! ye Biduranif uixthgfe T HAE! Ldg 59@&%% %re&%%h

as mcrocontrollers, to “process the valve cont
S|gnhpcahﬁdoééwn§tréams©ftHéHEVGaheeresponS|ve to the

val ve contro i.gnal_. ontroL deyvi ce 800,,i s

simlar t%£f% hd 98 %Fro? 5%vﬂ§% 700" o%i/1 diment of
exceEIGURHtSthBeaEﬁséupEéﬁﬁuﬁé $6nd0rl 628t 8¢ downstream of
downstream of the valve. It should be noted that, in

the B#bB8I At Bhe PreSREIS 3HecdoMBSHEEsBUPEESSNTS sensor
810 Bﬁodﬁé\ysﬂﬁéﬁhgﬁe aakevetofﬂféaaﬁgs?p&ssw Gell1a.

downst r eant pressure sensor | U tua e dué to

chanfesrefioval veo8ddteth ifleerif otiee Howtleteeramneyistem has

the gﬁ&ﬁ&ééegﬂhs¥SEST}Q§§tion is necessary, an additional
sensor can be added downstream of valve 814. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the
additional sensor and, if the fluctuations are too
great, can generate an alarm. In another embodiment,
the valve position can be monitored. If the valve
position changes by greater than a predetermined
amount, the controller can generate an alarm.

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

controller can use a number of input parameters in

generating a control signal including in situ flow
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changed and recalibration is necessary, an additiona

sensor can be added downstream of valve 814. As

described in conjunction with FIGURE 5, the controller = .
can nonitor the fluctuations24n pressure at the 20

addi tional sensor and, if the fluctuations are too

great, can generate an alarm |n another enbodi nent,

the'ﬁﬁﬂﬁbﬂ%%ﬁdﬂ(ﬂbféﬁbﬁgkgngbﬁore%héf ﬁﬂﬁ%\ﬁﬁf eéers can

position changes by greater than a predetermne

-~ anmoue sﬂmrq;bmnoalceqmmamegeﬂeaaha@lmmcwm 05.g., RAM,

10

Flgur N? IS a.fIcwv&@art |IIustrat| enbodi nment

Hd T F b Tomaey ﬂgl A§a o3 r? er SEHIRYeThe

mst h&@ﬁaﬂ%&mmmlml enienta@i)hy a controller
havi ng one or nore processors executing a set of
conput er iTs i i oW (@ yibratien \Bérr@n?ﬁﬁet}?%g?%‘h)can
Stor 8 ke G e AURDERLIRAL Bor NP pEAU LRI LT 10w
can use a nurrber I nput paraneters iIn aneratl ng a
cont ragintgiginhalevied drhised i onsinsthldwtid®n cof itheat £ bow
paranet rs 904. .The J nput_paraneters ca be, stored on
oy SIS {Ed P, GYSTRRY  TROMLiHhgheeY o

StOr@QﬂﬁﬁﬁéﬂxbﬂﬂpéXémﬁtéﬁ@pééE&ec&e%ﬁﬁﬂﬁédﬁﬁﬂﬂﬁﬂ devices
known in the art 51n situ flow calibration

par afMRSE TEM T (the UBkopasansrelds dexias atiekl faffect
| _de e e .
RS SO Ve APt doyioe.

syst &imi len tiitsu ﬁdpvhaml1btaueoaf|iaroetrmirerﬂdveff£lcés

"t he fa thate&g%éceds 10 downstream fromthe fl| ow
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cont &I A% R tPrefsugresddiiarantivly okt can
the'@ﬂ@ﬂﬁf¥3&ﬂ¥l§“ﬁ@f€bt ﬂﬁélfébu'§a dAv&1dddd & rom a

affect 'on flow rates cal cul ated based on a pressure
di f f Pagttiicallay tposgsure sensor. Therefore, a flow control

device can be recalibrated after installation to
establish in situ flow calibration parameters 904 that
accoﬁnt 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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significantly affect the flowrate calculated froma
15 particul ar pressure sensor. Therefore, a flow

.control device can be recalibrated after installation

to establish in situ flow cilibration paraneters 904
that account for downstream devices. The in situ
cali bration can be done, for exanple, by manually 20

ent ef ] stem specific values qQr by, an autonated .
Sof (k% Cent ronFea ey 6atr Bae e Betduliorhgalibration
contgtdmétdt-t| obYpteabiby¥cdRt BEMAR tHEof! PWtbAt €This can
based on the pressure at a particular sensor at |ower

fl oke dee %‘éFgﬁéi-EgstgoanIiaﬁCb@m@stﬁtbrib chdgulitioge a flow
. . . - |
o oS Rk O R BEEET b B OPtnBESERE somparing

| am nar OW 0 oug
devitthee Mesashned psesherél bw macalddsr£spondeukr®e of flow

| am flow tion for fluid viscosity and
| amgate L) PaYocoPensal LonLpr Tl d vl seosl Ly 2
val ueordtorPe1 e BOoHSE€has EBﬁphEe%'E%é%) %a&%g%aﬁ'on

parameter 904. The controller, at ste
r ec@GReSsipleshyir theepasuteadherirom a pressure

sensor. t 2, e control)er can use in

situ fl oﬁl?:éal ?‘E?g??]éﬁ%rbaégnﬁﬁg%gg&’ tFPYTRPRARE the

f 1 owalahelatidd SETowm réte dodecaaselr gidint O any €EBeFBow rate
for calculating a flow rate based on a single

pre %;nqquﬁﬂkﬁ%gth%n%%ﬁiR@iBtthEIH%a@®¢%€°bl@§suB§ step
to &gl ibAteoN-CLLVE 5’1} é%?&’r ggﬁﬁis lfac‘é&ﬁegn % £ pressure
of The controlTer or other

exanple, in the nenory

conmfincer a gqualctl eubedi semsarcesAtbbacdyy 31®, the controller
controller). The controller, at step 914, can conpare

t he S Ve G ERE rPERPT a9R1B 0t 8& 3nateg YalvRecontrol

flowilHa LHeeschptusitdte tPReSEL1PYU Mond sy signal to a

controller, at step 916, can calculate an error~gain
bas&®1te t helhe estepe of FIGURE 9 can be arbitrarily

repeated as needed or desired. Additionally, it should
be noted that control can occur based on a PI control
routine, PID control routine or other control routine.

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



10

15

20

25

30

froma particular sensor. At step 918, the controller
can convert the error gain to an anal og val ve contro

.15 signal and conmmuni cate the valve control signal to

a valve. The steps of FIGUBE 9 can be arbitrarily
repeated as needed or desired. Additionally, it should
be noted that control can occur based on a Pl contro
routine routine or q%her control routine.

D trol
00 ristal iR SGRCER: phRouRl: B R HE pEFRGREe HRdEs aused

senspy @8WnsePtaR! cbhponentkhe SHMeLHENAEWN8E re@dnf | OW
control device having nultiple sensors operating

accofgmpgnenta #BaRI6: &per aemnrenl ofbaeFompynglisicow
us| n(g,hgn?le':‘gl SnSENSQh: oLBf S 'ri%g'neev?%ﬁ’%fﬁg%% ifa‘il.%%rlled,
flow controller can al so include capabilrties for

noni tbei Ajowl aohtimablonsiitn ipr assued, aedswnsheertm Hilter

the single sensor,(por .other sensqr) or . flyuctuati,ons
VPSS FERORLEEegendrace. A AT fattEhmgoring a

i ndi @@kgeAsehpheBess E2VARLT SXAY eSPeh€. 08Buf8 that can
descri bed above, the flow rate can be cal cul at ed

basedf6acththpr 8eBapE readingstr o f thagewnssmssm by

cal i j e co 0 [ 1. .

instg§ﬁ%%ﬁgﬁ£ océégﬁ%htEb%rkgggyﬁggygé?g g?%ﬁscggugga

by dpenslikbastedanponasctsunktf fdre cltawmgésedm the overall

conmponents change, the,required of fset may al so

chanB¥SteRi §1c8n- oEREr 1P SAEW GRiHr3kiPAsParpRgtess can

the fLow,gepkapl unit is noved, a downstreamfilter

becones restricted, |oose tubing shifts during a

di spense ptoskesldrbenpotedethaterithecrepsathbtiléay of
he.sensor. 1 eadi I f the downstre

af f ect ngs. m

compoRBht SLCRARGS, =1 AL BLBWSEBRTI rePEancRE 95 the

recalibbhat edahOpaessupt HRbpChARALSrépedPELOYEEY henerally

SyStfgéggégiﬁgtag éﬂéségang%gggéuéégggg;gngiggsigggeases.
If the downstream pressure drop in a particular in
situ configuration is insufficient fo 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 improveménts to the embodiments
described above are possible. It is contemplated that
these variations, modifications, additions and

imbrovements fall within the scope of the invention as

detailed in the following claims.
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be updated). It should be noted that the
repeatability of control u®2ng a single sensor is
dependent on the 15 downstream pressure drop with
repeatability generally increasing as the downstream
3y increases. |If the downstream pressure

drop in a particular in situ configuration is
insufficient to produce adequate repeatability,
1addi Aifatoritrdlide@icesoempasingi | s, can 20 be added
downstream of the pressure sensor to increase the
down38 i@k pressure drop and increase repeatability.
Whi | . o . 1
rof cioutefh AT ol bafich Wit HE3Mel 2 flesifite |04 Joment
betwbarstheanlet Aad cuitiet anfhuidicoemnsinmation Witksthedhlet @andrslitiet;

e scope of the in tionis not limted to

that t
| has 8 TESuas SR RenshE ArAlSH L'nelienm Moradhe Peessushdoss

eRfrbritiPRfigaRd tb'méﬁgt?r'é%‘fit;%lt i)?e%lﬁ'eed?%ia‘ﬁﬁ}/vz?gew?}#g? the

descri bed” above are possi 'S contenp
flog controbdendee;at i ons, nodi fications, additions and

i mprovenments fall within th ope of the invention a

der af BT Praseuye S baPIgoafed fieWrafeamtamitis prasaried oss
elefient; configufdd fEOMdRUré 8\9eednd PR §re W the ?IGlid fibRing tArough

an outlet in fluid communication with the inlet; a
ther ftays gpatrolsinyics. @nsht  between the inlet and outlet in

flui ' [ it h. i nl and outlet: a.

fi 1ot SRS SUReT i sl Brehute sBRSpr 3 fidsedn
prseamIsendopstheadoritiler eenfidareded: bﬁe@@%@b@rd@hé td &ffirst

pressure of a uid flowing through the flow control

fl
- MaEle; of opetation, whasain urag thesfist maste pigeparation the sentsaliar

oFORADE IKERSHNEI SRR oSLBTER' aHRAEASM B hen reRi®
pressure and the second pressure; operate according to a second mode of
operation, wherein during the second mode of operation the controller
generates the valve control signal based on a measured pressure at a
particular pressure sensor; and switch between the first mode of operation

and the second mode of operation according to a predefined parameter.

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, wherein, 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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the flow control device; and a controller coupled to
the first pressure sensor amg the second pressure
sensor, the controller configured to: operate

according to a first 15 node of operation., wherein
Sdur i hhetfilow contsdl devibe @ﬁclamnawr@ﬂemhﬁe @ﬁétléfﬁield%arameter

enerates a val ve_con | based on a
C%PPF'E?%ﬁtWﬁFSLHSt R 'Flg"hlf 'g‘{’\g pressure and the

second pressure; operate according to a second node of

operation, wherein during the second node of operation

61 he Ehaflow centrol genineanfedainh 6, whievein dbe tontroliérgsdiirther

@Eﬁ (?g a nmeasured pressure at a 20 particul ar
sure 'sensor; and switch between the first node of

oper déiepminathd a.ﬁeresﬂi@oaewmmr@ r@pﬁréku@a%Q% db86nhd

to a predefined paraneter. ow control device
PI&SSHI®%i m 1, further conpri si ng a valve responsive to

t he . ' ocat e

he SSNBEE HBLERE AN 1 GRS Sl Bresho afd¢
fl omopmalte akcoreingo the ftrlstaatrmdla ofdRIr&iich if itihe bifRrefgaNd
bnlg/ oJ" JO eration, e controller generates the valve
ShirEndhe SF SRS BAS AN e SREONFBESSUEE I @reathr dhan e
pﬂégggfee@'ﬁéggrﬁﬁﬂ{r%ﬁ& sor. 30 4. The flow control
device of claim erein, in the second node of

operation, the controll er generates the val ve control

ased n t,he. ure essure at the
dom“ﬂe? B S B e A PGPSR 2ok futher
juegd €f: claim 1, wherei n t he predefined paraneter
corrprl ses a pressure differential threshold. 6. The
f | oveleterming theadlifferential betweerbtheditet piessureand the sbtend
p|1§ 'Lérther 5 configured to: determne the
§PfSrential between the first pressure and the second

pr eswﬁpare:mfferetrmal % {ar%?;%@sh% ditardritl r@§ﬁ6‘lﬁea

differential threshold; operate according to'ft
f ir s@P@féé&aworémf@tth@rsacpndheodefof operatioal if tl'(BOdlfferentlal

p re and, the seco es

b eR 3fe 11 PrehSire iR So i bieSairos Tesd Lo prossure
differertinbthresingld ol deV| ce of claimb5,. wherein the

controller is further
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 fuﬁher
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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configured to: . 15 determne the differential between
the first pressure and the sgcond pressure; conpare
the differential to the pressure differentia
threshol d; and operate according to the second node
of operation if the differential between the first

1 resgure and the second pressure is |ess than the

ﬁr esSUENPYIET gragrameprodyct epmpsiningd a st of semiplutay instructions

stoRA bAlat kit 6 | oL b S SR, 2l 1hSst one
further confi 88{%"35 @%P}:%dcélwgt"gé@%‘ %’?eecg'g%ﬁlé by at least one

proceseorctoti al t hreshol d based on the differenti al
betV\fen.the first reﬁsyr?. and the second pressure, a
supp %pelv%am%‘? eha’ & Wl RFESPY&i tion. 9. The flow
cont reQleivdey nicastkernkat 51 4 seWBRE B énﬁ& controller is
further configured to: nonitor the frrst or second
sens@PemRr ageanding teaa fitsh madhel of bpéerationf Wheteiathe®Boirputer

: 1 . nedet erm ned anount,, generate _an .

GOk el e LALTHIES ASRYRlpdEp S bienta

bettvereei thetfinst pressurel drkf theSsddbridsressGAf i gured to:
nonitor a valve for a change in valve position; and if

t he YPEIALRAFSPIAING tpea perend mpdesofpparation twiherein the

' | 34 11, A
CPhBGRE HiTREEnS RN BherdhiE 16 Bh P Bla i1 [Blute basec B er
meastnedairessisre attaopadicalar dre$a@etsepRer @Hgout er readabl e

medi um execut abl e by at | east one processor to: 5
rece?"%c between tbdirst ppde ofiaperatinreardithe secansbmpdecof

oPEREYH SEBAIRY 1P PRGRIhRY SBHder OPSr AL e according fo
a first node "of operati on, erern the conputer
instructions are executable to calculate a flowrate
12gas on a differential  between the first pressure
nd

fe CORPHI RIPAWIR PEOIUY o edaien &1 awlkeredn. iy the second
m&ds of BpaRAR N thePH&Y GHddPputh Hs‘fhfétif;ﬁ% gr{ %g@#lftﬁﬁle to

i nstructions are operabl'e to calcu ow rate
cajadale tha flow ratabased oprthesneasatensentafthe skasnd passure

reg%gégﬁ?rﬁgg%%‘ ch bet ween the firrst node of operation

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

—r

mode of operation, the set of computer instructions are executable to
calculate the flow rate from the measurement of the first pressure from an
upstream pressure sensor.

14.  The computer program product of claim 11, wherein the predefined
parameter comprises 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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operation according to a predefined paraneter. 15 12.
The conputer program product3§)f claim1ll, wherein, in
the second node of operation, the set of conputer
instructions are executable to calculate the flow

rat e dpasse db&ofd?g% ﬁgﬁf;@%ﬁ%dé’& bP&EraBiBh Ay e%ﬁ%m@h o

received froma pressure sensor.. s
betwgrn the fisbgressurs atd the secohdipnessiire ihgresiter, thian thée

: .qf, operation, the set of conputer
pf%%?‘?%g{ﬁ%@‘%}@%ﬁg%t able to calculate the flow
rate fromthe neasurenent of the first pressure from

n stream pressure sensor. 25 14. The conput er
1§r ogr! &% GeRKNIEE PEIgrameprieduct ofiplaingi 14, whereindtefsehofi

C?@{p@ﬁ[iﬁgtrﬁamsiasrgse)écﬁfﬁégcé‘;e differential threshold.

e conput er program product of claim 14, wherein

t he detgmiiee the3Giffiersritial Detvwasn e fikt predsipb anblhe second
determine the differential between the first pressure

PEPUYFe second pressure; conpare the differential to

accor Rt eliiefeMd i ing PrsSafe Hiridhdfiial ineeBBId efia
di f f eperate accoksding tonthehee dandsmodieesf opetationdif the difecomtial

supne .S, greater than the ressure_dj fferenti al
bgwez%%@ed‘{"s‘sgffé?uﬁan% 3?&)5?%9“@ PERRSHFRS b leas hanythecprgsayre
ditférenig tieicdhblde set of conputer instructions are
executable to: determne the differential between the

first pressure and the second pressure; conpare the

i ff [ i fferential threshol d;
"Bna ThE tophupleifafRgtietol g ddonaereindna ot of
compusriingtridtioneardidxeetriblé &3 calkalate e phistitd 8ﬁferential

pressure and the second pressure is less than the
threghald hasediar beddifferantiahbetyyrenitheifirst pressurenpnd he second

pRESRAFE BISHY Breduré SR Jdve YoRiRI the set of

18.  The computer program product of claim 11, wherein the set of
computer instructions are further executable 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 product of claim 11, wherein the set of
computer instructions are further executable to: monitor a valve for a change

in valve position; and if the change in valve position is greater than a

. predetermined amount, generate an alarm.

20. A method of controlling flow comprising:

measuring a first pressure;

measuring a second pressure;

in a first mode of operation, generating a valve control signal based on
a differential between the first pressure and the second pressure;
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15 conputer instructions are_ executable to calculate
the-pressure differential tgreshold based on the
differential between the first pressure and the second
pressure, a supply pressure and a val ve position. 18.
The moagetend picy ehopuratos! gaierating fhd il‘alvlé*t%fnﬂ*oﬂsfghﬁl
set of 20 conputer instructions are further executable
baged AR MEASHI sk RIESEHEE BlehBaFtiGUlAr prassutecsansoriaand and

if ot taa! rm
amu%ﬁltém'Hgner aégngﬁégfé;r mc’%rlg¥ Bﬁ%rea%gﬁn%gf%? r g‘aa{'ﬂ?de of
omr@(ﬁiontaoobrd]hgrtmm]predemmrceparametes.et of 25 computer
instructions are further executable to: nonitor a

val ve for a change in valve positi on and if the
2¢hanggei

T o SRl A 20 20rthér BoRRSInd oihidl or glosing a yalve
respopsivertoithe nglvel eontead signiasi ng: 30 measuring a first
pressure; measuring a second pressure; in a first node
of operation, generating a valve control signal based
220 FheiniétebanstickimbEs \W@éretmgeﬁéfa‘ﬁhgﬁﬁg%%ec&m%l Sifhal
second pressure 36 in a second nodé of operation,
basatben the\maasuired plessysm at alpastigpiar ptessete sensor comprises

- oFRHRE e LA sBrBThpd o B iR Sy Bk oL

| " upstoe=md pltrmkmrefsensoer ation according to a predefined

15

20

25

30

paraneter. 5 21. The nethod of claim20, further
“conprising opening or closing a valve responsive to

he | cl ai 0
24 e, 0k MOl 253nr S o IRY e i Sy
based bt th&emasaded)pmureaaa partixalléi ?rds@wd)s@wrdémpnses
ing the val ve control signal

OFRBHNG 14 HeREREUCLHOPALLATRA OB ARG BIRSSLES SURe

d@ﬁﬁgggam%’fesglmg dapisppd of claim20, wherein generating
the valve control signal 15. based on the neasured

pressure at a partl cul ar pressure sensor conpri ses

2 nc e HApbd B R Whil i Bedhlf sF@% GAEATogR somprises

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 pressure and the second
pressure;

comparing the differential to the pressure differential threshold; and
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24. The nethod of claim 20, wherein the predefined
paraneter conprises 20 a prgssure differential

t hreshol d. 25. The nethod of claim 24, further
conprising: determning the differential between the
firsoppratguaccordimg!tbehs 8686Hd R6&S dfbBeratipnGPifRaiffé@ntial
the differential to the pressure differentia
betweamiedtirsh Repssye padithe sacend @regsure is lessfthas therptassure
dﬁiferé’rﬁ’tﬁil@”e%ﬂoic{ﬁ the differential between the first
pressure and e second pressure is greater than the
pressure differential threshold. 30 26. The net hod of

| ai m 24, further conprijsing: determning the
22i f f dPEADEHOdRS: lRiBh 2¢ hiuriner somprising calcHiatingribe peesswie

. 1

e el ThreORAL AT b HieTERlA! inwbln (RE RIS gnd
thehsecancbpressuts ao$upply peedsune idndt & ealviefgosition. i al

between the first pressure and the second pressure is

| ess than the pressure differential threshold. 5 27.
28he wRithed Pl antdfthed stirhpASingoPr i sing cal cul ating
the pressure differential threshold based on the

di f f Brastiloriag therspeend seesoi fosta fiuctvations andiif thenBuctuation is

SRR e < BB TerfioRt iyl BRBBI I B oy i ng

10 nmonitoring the second sensor for a fluctuation; and
| f the fluctuation is greater than a predeterm ned
28mpuhhe ryethed-efi glaim A0 Jfugther cemprising:net hod of clai m

20, . ' : Lt Qri . v itio
20, PP UBE Bciion PR 1 4 Bo RS AT
i n viflthe chasgeiimnalve isttivreis greaterdhan edsiedetdrifted amount,
amount, generating an alarm 30. A conputer program
9BPSIRURY AL Msi ng a set of conputer instructions
stored on at | east one conputer readable nedium the
set of conmputer 20 instructions executable by at |east
30ne Arcarepster prograne peduet aomppisingasep bE ssmpatdrrinsradtions
S rearp sensor located u sgream of a pressure | oss
S&P%igﬂt , least one computer readable medium, the set of computer
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 computer 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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recei ve a downstream pressure neasurenent from a
downstream sensor domstre%g of the pressure | oss
el enent; 25 nonitor a valvetor a valve position;
determine a differential between the neasured

pr esg lﬂlﬁ@&onﬁﬁﬂres@ﬁﬁti@h% RSt QCE‘%&EB@ (% ‘?\%Pé Wty anglat%ed?ause

on the differential between t ure pressures
thenvalvaite ehanae theovalye gositioal toes newotalveé positia tisdt willlcesate a

gram product of claim 30, wherein the set
|ag§éﬂ°d1h8fe '8? instructions are further executable to:

det ergveive aneWhapstpstn Presqfet ution i s acceptable; 38
if the control resolution is not acceptable, generate

a si [pesIve 8 nexdewpsiseami rressdrechange t he val ve

Far oo i e BHorAErRBL b Sk b he Ml whsiFELE pfessure
and tIm:eeweimmﬂmaﬂn\pnssmam:m essure; determ ne the

| arg differenti al sed on the new upstream pressure
and GHETRAR BaR PulihEFeban Basgdpriednras Tiorwalal the

né\ﬁ%wé péﬁﬁ&k QhHQHe%%dregghhﬁe | arger differential,

new val ve position an val ve resolution. 10
32 The conputer program product of claim 30, wherein
|nstruct re furthe

%‘Qicﬁﬁ%gﬁbn@é’r“ﬁrﬁ‘a‘giérm At Dot dan 30y whereia dheebef | s
F&I@frﬁtbétmctlbhstaﬁé FGERErT Sledi®RbYbi On is acceptabl e,

ect the differential as a 15 differenti al pressure
thre%*@rmlneatﬁthqﬁ@ﬂ’@f@lrrpao@itmprlsgcaepq'c\blnjuct of claim

exec%? H&réﬂg\?ﬁ@gﬁ%sg%’% hqlslcé? rg%(ﬁ_ %tﬁﬂlllaétq on

differbriat praysurergsreshbldoper ati on based on comnpari sons
subsequent 20 differentials to the differenti al

pressure threshold. 34. The conputer program product

¢ : e f
3% o L% Borthy & Bioblin toaag ok eind APT el B PG )
lnerlnm:tuqﬂg/anegfutﬂ\er diétetabla toadwitch Pethdetecatipgende of Bpéﬂatlon
anaC a sec n Snﬁgéee oP Operation based on comparisons subsequent

differentials to the 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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25 the valve position as a percentage of how nuch the
valve is open to generate; sand nultiplying by the

val ve resolution. 35. A conputer program product
conprising: 30 a set of conputer instructions stored

on abpémrts beoondin tiod fiest rhead ¥ bPerdthM, Wﬁe@éiﬁ%é%h?pt%ter

| east one processor to: recelve measurenent o

'“é}lrf’ﬂ&%'?s prec@xgrutablerte ganpeate arvalygrcomiiol sighahbaserbad a

fi,rst node of
aiCRERAl Betwiten HREARL B HhBdne ReBobi piesdier
execopeﬂalt@at:oo@mgatcaa seaon@h*(@d@cﬂbp@*atléhgﬂ!ﬁbré?ﬁﬂﬁ?@' on
fer&tél al bet wee the first pressure and the
C%’E'BU INFIRCions arg QPess eé%@&"@ﬁﬁg the val\@e@mﬁtplmlbased

oRRGhahs@ed d@@élﬁ'erhttéfﬁﬁlcﬁ E?éur’e sBfldqns are

operabl e to generate e va control "si'gnal based
on aswiehshewean ’é’&sﬁmérmideaofmpdranurh andpheseuord mode of

tch bet the first node of operation
oé%é%?hgcggégjé%ﬁ%&éea?eﬂe%d;@m%tﬁraccord| ng to a
predefined paraneter. 10 36. The conputer program

groduct of claim35, wherein, in the second npde of
3@ per K¢ GAMPURS RIOGraN RIodpck ofclains 85 Lwhedeis, iartbe second

B PRrid @ SPERR bl B pRE g e dle

I géneratetheonahes cemmlml?ﬁéllba%e‘d%ﬁﬂfe mbasaremaREofRBRECBhd

rogram product of claim 35, wherein, in the secon
&reoqec yeAdrorp @ deweskseamdiresauieLsensarnst r uct i ons

are executable to generate the valve control signal

fromthe nmeasurenment of the first pressure from an

3lestTleanompa$empregamnqnoduélef3ﬁalmTBB WREKIN ShtRE @BEaRY -
m 35, _ wherein the predefl ned paraneter

r.0 of cI
mBER o Pbetion, fid set &f dpulesinstaicions @seexacubble e
SreTRtd r t
et o RSO oY s rih 15 At emEBE oS frdfprasure
freranjupstegam pressusetsepenr.t he first pressure and the
second pressure; conpare the differential to the
pressure differential threshold; and

38.  The computer program product of claim 35, wherein the predefined

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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operate according to the first node of operation if
the differential between tﬁﬁ first pressure and the
second pressure is greater than the 30 pressure
differential threshold. 40. The conputer program

pr odyé&ferineinl cﬂffén%nt%ﬁ%ﬁééﬁ fie @% ggssuF@QPHttﬁé second
instructions are executable to: 4 etermne th
pgisstieenti al between the first pressure and the second

B £ egthRerec e EenRLe tiepressui et BrRahel: and
secoppleras acmrd&@efoathb%cbhdtr%dgloff Bgé%foin"ﬂ‘ th%] @iﬁb\f@ﬁ%l

the first pressure and the second ssure 1's
betwaen the fisstareaswe and the senand pMSG@Bl leiss tHan fﬁeepressure

dﬁfg@rﬂfaﬂhr?éﬁc%am product of claim 13, wherein the set
of ~ conpu

nstructions are executable to cal cul ate
the pressure differential 10 threshol d. based on the
giff rential between the first pressure and the second

4hr estie sompuleryrgranareduet efiplaim ¥3) whersir the set of42.

coPuy RURLoRE 856 BT R000ky Bl e lB Bided B
thlreshohb based oa the ehfﬁereatuabﬁ&tmee‘nqne fitst prebswet atnd tHysecond
- if thefluctuatlo reater than a

prﬁsgu(&, SrSHPRAHPLESSHIR ¢ and @PesHieNal arm 43. The

comput er program product of clai m 35, wherein the set
of conputer instructions are further executable to:
420 nbne pompalte/renmgramrpradud:ta)fgéamnwalvherqmmé setof and

f the.change in v ep03|t reater than a
cqspeief uRlRHEnS Res Furteriamattatile 4o Hpaion s niesshrarsenser for
a flictibibh.cand'd thé AUCERNBA '|§ﬁfé§hter than® ﬁ?éﬁét@ﬂ?iﬁeﬁ'érﬁ&ént
pressure; neasuring a second pressure, In I rst
g@ierat%alaalaym deternmining a flow rate based on a

differential between the first pressure and the second
pressure; in a second node of operation, determn ning

43.he Th@v.\omumrhﬁegdarﬁlprédu&(bffmﬁﬁvss%ﬁé@ﬁ tHeesél ofd
articul ar Pr essure sensor; and
computer instructions are further executable to:
monitor a valve for a change in valve position; and
if the change in valve position is greater than a predetermined amount,

generate an alarm.

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;

in a 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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swi tching between the first node of operation and the
second node of operation agﬁordi ng to a predefined
paranmeter. 41 45. The nmethod of claim 44, wherein
determining the flow rate based on the neasured

49" €STHEnéthod &%ﬁéiﬁ&,%h&%@'gggﬁgﬁﬁﬁﬁgﬁe fBaleS 6Ssed on

determning the ow rate neasured

thermesavredapressuresatr & particuts presswensorsor Borprisdseetermining
f, claimd44, wherein determping the flowrate
] Pasd baioed Rt SRRt aha st eam prpssure sensor.

pressure sensor conprises determning the flowrate

based on the neasured pressure at a downstream
48 esihe enethed i claimod4 whergin deterdniog the owmrats based on

eS80 k) AR B B ol BB B3 Aing
thieufiavih eate e on thes meaberdd prekguid at 8 dblveisBhiPbressure
bet ween the first pressure and the second 15

Se¥¥sure; conparing the differential to the pressure
differential threshold; and operating according to
the first node of operation if the differential
4bet whbe nétbotiiaf slaimpr4k whereanthd predefined papiraeiiticOmMsrises
0

reater than ressure differential threshold.
a%g—;-ssﬁqu rqB glghr%hgf 47, further conprising:
determining the differential between the first

g essure and the second - pressure; conparing the
48 f f the methpdof claim 4, dsdbercalnpfisingnt i al t hr eshol d;

oper A6 RRiRS e SfRre alathPfuph b fEERrsnule Angdhe second

pressgsiire and the second pressure is less than the
pressure differential threshold. 50. A flow control
devi e@Mparipg itke differerdil & thenpressuse diferémtialithresholdd and

pet v2osrofhb Yot it fefiviad & Gieretish s citarrahe
betivelntthe first gressm@ and thet second pressure is greater than the
pressure 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;

a pressure loss element between the inlet and outlet in fluid
communication with the inlet and outlet;
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42 an upstream sensor | ocated upstreamfromthe
pressure | oss el enment confi ed to neasure a first
pressure of a fluid flowi ng through the flow control
devi ce; a downstream sensor | ocated downstream from
the phagssifeanh @eRsér IBEAIERINIpStEHMH ifh Btk bRJEBIAS W8 dlement
second pressure of the fluid flow ng through the flow
cepiigwred tadneasure st peessyre of arflid ? lpwirig thwough theuflow
chhi8 itde flow control device; and a controller
coupled to the first pressure sensor, the second
pr es sutevnstezamsenaadiochted/dbwastrégmofesrnrtae ppéssure loss
onf i gureg%to: 10 recei ve an upstream pressure from
Wredd

elgRenty,cop Adpeasyre a&seeond prRRsyre ehihediwd flowing through
tHEEAGW 'comeial gbyier t he downstream sensor; nonitor the
valve for a valve position; deternmine a differenti al
bet waetalvento nentseirtbe flomesfiuid throagth the fibed eomirslelenvice; and
control I | ution hased_on the differentjal between
Che. Ertort{Eigh EpndByiF 166 5| oross e senti bR sedand prossure
s¥AdOre ah@1né walvertheTbntrbliér EbMG RG0! device of claim
50, wherein the controller isYTurther configured to:
20 JEREEYE AR ypstiea passuee froes teiupstrears sepsept abl e;

a i Doy & Rt brethus rpeRe RERER: Fidet 1 Gandiam

seosorti on to a new val ve position that will create a

larger differential; receive a new upstream pressure;
25 r BQNIPE the NalvedenA yelveapesitierisur e; det er mi ne t he

| ar ogelifELaib AhyiASEMheRR HASmBBN,HAS LERMR! gR3UI e

and the new downstream pressure,
cont determas® aAwtdntmol bestdatiombaded bartge difthrbhaalcsstivekbn the

the new val ve positjon and the valve resol ution. 30
"@?.S“ﬁfgpquf%%ﬁh? é!PlV&é?R%'@fbﬁnﬁlaaYﬁ‘rV%I?S%@@i n the
controller is configured to:
91.  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 hew 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 control resolution is acceptable;
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determine if the control resolution is acceptable; 43
if the control resolution isgsacceptable, select the
differential as a differential pressure threshold;
and switch between a first node of operation and a
secoifitherodetrofresonRgioatis aBcOpEdie, Ao IEQTRE HifBRtial as a
subsequent differentials to the differential 5
d%}éé@g eressuee Hyeghoklz and net hod for a flow control

devi g&; i S1 NG LI stream pressure from
o usEaPEBteed firsGHBHY Ot opRrattly ph A S or et hfe of
operatios basedtan ddmparisong sgbsedlam Hiffrantiaikas Ine differential
neasur enent froma downstream sensor downstream of
pﬁ?@”ﬁr@@%%h‘ém oss el ement; nonitoring a valve for a

val ve position; determning a differential between the

nmeasured pressures; and determ ning a control
53.esofunethoddas adlovncotieoldidvies eotpaisiget ween the 15

measyred.pressures, the valve position and a valve
res o%&?ﬂ'ér?ﬂ a@i’.”%ﬁ@"?r@f‘?ﬁ?d"%? roRn anHrsiream, senpger located

-uestredn of BPpressireabss eididehf the control resolution is

acceptable; if the control resolution is not
accelfcahing agaversiteany psessuga aheasuremesd frado atdovnsiteasn

e Ition to a new val ve position
S%’%{ﬂ: '&%%%tr[g?@%@%h& pr{%%ﬁa}eer %Fﬁ%?‘@ﬂﬁi al; receiving a
new mpsitodegrapabEs fored valve pRisitiord & new downst r eam
pressure; determning the larger differential based on .

t he SRIGMINAG adifereadialbetwerm thedmeasuneshprésantss; andt

bac PR p o dididh, BRded B he difirRBlisl Aetheen the
mpasiredpreasureshthe/adive positinuand 8. .vahie reddfutigt hod of

claim53, further conprising: 30 determning if the
control resolution is acceptable; if the control

S0 ot ofRLSE ekl anplig, " 1T erem

determining if the control resolution is acceptable:

if the control resolution is not acceptable, generating a signal to 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.

95.  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.



