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THREE Pl CKOFF SENSOR FLOW METER Background of the
Invention 1. Field of the Invention The present

WO poosfotiseh relates to a flow nmeter, and nore PCT/US2006/029735
particularly to a three pickoff sensor flow neter. 2.

St at enent (3t ' ensors,
such as Coof%#gi ﬁ@gbﬁo%t 2 sﬁwgﬁi ng
densitoneters, typically operate by detecting notion
of a vibrating conduit that contains a flow ng

mat eri al . ProperBackgeoyns phtheiinyertiame naterial in
the conduit, such as mass flow, density and the |ike,
can be deterni ned by processi ng neasurenment signals

1. Flelelcrﬁitlve:dwfenmnnoti on transducers associated with the

cond he v of the vibrati
The prase; '%Yer\}r'Pﬂlré i‘? ém%ﬂ@? &l pyd m@eaqaraewaﬁv i3 adtheee
plckoﬁ’%@%&eﬁo st | ffness and danpi ng characteristics
of the contal n| ‘'ng conduit and the material contained
therein. A typical Coriolis mass flow neter includes
yits that are connected inline in a

2. St%Feg’éﬁ(’)'?tr?g?%‘?ePg{’)ﬂgm transport syst em and convey

NRAleEtAY cofddit sehdarsdsuctbhs! Ooriefis Atsstiitiv idters ard iBeating
system Each conduit may be viewed as having a set of

densiferneiess, typipalit perate by detertingdnation pba vitwatipy eonduiihas
NG | |
contaﬁ@sgg (lf;lg lréj geTlr%P ja Proé@lglﬁg asg@é‘ggefdg‘&@h ?ﬁj% W?@%l tl!‘l glﬁé?‘ conduit,

such aemeags flove, c&anyntt,/enhd thedike, oan berdetsiniinet ibyprovdssings a
mat eri al rovvsthr hthe conduit, and notion of the

measupRaant sigraladaceived fm pntiondr %M@@@f%?%i?&@tﬁﬁ with the
cond&u?”?'Hé Vrbr?ﬂ%ﬂ ﬁ\%td‘e%rbf'tﬁetv}ﬂ?éﬁﬁih%t@rﬁ \fg@a%g%rﬁ@ perally are
actuator, e.g an electro anlca evi
affectedi h}ethecnolmbquré nuAgsy stlffnesmanqb dampings chéractavistios of the a
t per i odiﬁ . ashi on. S 8%&? rrag]Y be determ ned by
contgiping GPpdyt epddngm ”% & %EQ@ §P&F ences bet ween
Rt fypieal @brlél@nia‘sgﬁwm@teﬂ iREIAbES Bhe o-FViﬁOI%Ué‘Jhdwts that are
transducers (or pickoff sensors) are typical
conn@cﬁpd dylise ine Ripglne pootheadianspart wysiean aodaqonwey; peatedaloe. g ;

i g2 AR e I, el o 5o o v

set ofagdtuad Qibratidrendodesiheluaing, &ﬁr@@mi@rﬁn@ﬂmb@ﬁ@mg tdesional,
el ectronic i nstrunentation % such y t wo
8

radial, ﬁaéﬁé’HH@ﬁth‘éﬁ slnpa th"P%'sCO"FH@ mﬁ§$ Wéﬁ@awr@ment
apphéaﬁ@@'éés 3 gayﬁ @éx?m{ oﬁW d %Itr PgBFé)#/’f)k‘% dn @gﬂ%g %a% fﬂ%t%nvsﬂ flows
througblﬂm o®rachLLit, amdn’noi?dmwf trm eorsiudrie nmwhre«t appoints spaeebalong

f1 ow f
the coné)uvl\{. r@)%clta?gg ?su ypica r?Ityspm\(?lrdeg by aneactuator e.g., an

electromechanical device, such as a voice coil-type driver, that perturbs the conduit
in a periodic fashion. Mass flow rate may be determined by measuring time delay
or phase differences between motions at the transducer locations. Two such
transducers (or pickoff sensors) are typically employed in order to measure a
vibrational response of the flow conduit or conduits, and are typically located at
positions upstream and downstream of the actuator. The two pickoff sensors are
connected to electronic instrumentation by cabling, such as by two independent
pairs of wires. The instrumentation receives signals from the two pickoff sensors

and processes the signals in order to derive a mass flow rate measurement.
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variety of flow fluids. One area in which Coriolis

flow neters can potentially be used is in the netering
war@sdispensi ng of fuels, including alternati veCT/ust086/029735

The alternative fuels market continues to expand in

ons to | ncr sin concern ove ol lution ar% .
¢ ERPPBRTeh 3 L6 IR edorinarase ing ol Rerndrammene Tora wide
vanets{“wwowrfml@é/ aphakiré4 §ry whlichHCbshe low asetet8a PeteMiBAY be

raditional fuels. In fact, many governnents are

used isdBdhe meetering pud dispensing of fvgls, é@cg@dlaguaﬁﬁrrpﬁtw@duelsg The
altern%{si\Ze i arg%ttceornrﬁﬂpéé[ o E%ﬁ%ﬁ% l@ﬁs@%ﬂgé ) chﬁéa%Ré CBH emns

Torori S et er 42 Fh rnati ve
over paliutiontame fhithés lhgesiboww’totimseagwg: bomrnaaboubﬂ%ec‘ost and

ovaiefy of bhied i s i g b Ay
goverHHéHt§ 'aFEQbéécﬂ‘Hin ﬁﬁ%\be@%d%ﬁn@%@éla%n# dhbfihthe use of

onpr essed nat sers
alternatlvefuﬁsl ve fuel s. Traditional gasoline fuel

néppensz@s{t{l] gqc}%églst@\gﬁ (ltnrgclgl\élcrg%%,s% ﬁel %%rﬁg ive Hjels market is

in theilling bRREAISS Ysuch dUEdrsNBUSSs, fet6! lrdth‘énﬁib%%rrt &R filling of
provi de two metered flow streans. The two flow streéans

‘ lndlvuttaai vehisleshasibeer performat & filimgestatignss lutdwnﬁ traditienalgasoline

pump?eoé(lftmglbé éﬁﬂgs%&fﬂ’a%& Ciés Lave gfsp]sg%&%tfgbé §|.rn[%rt]i&§ fuels.

Traditidne yasolindfuebdispahsesasyuire dwsiiadividtabaihd #ldependehbmeters
an alt E rnative fuels nust be mnimzed in order_ for

so thatfwoehinies.een bedMied mmpliapeaushneAchighmates el dispsnser can
provic%eﬁ\ﬁcg aeE?rg'drf%'d\?éﬁé( ma et Mcﬁﬂ?\? sfBahls I&K? % Tdﬁ‘férﬁntt rates.

to develop a cost-effective net e
The twa rﬁlopr siveains cao bei ohdiffenead ﬂstatenblso(uenﬂa@Ldlﬁemmlt $uais, for

dependen streans. One prior art approach
exampg;lagl& Q?E\el'éﬁwe ‘ﬁ‘ﬁﬁr H?Pé&'@sfl ow meters in such a fuel

dHSRRVEE the DVERAUDIt BRESIZE oPa YS! iph SRR él?ecrHatl\!ré fuels
has drawbacks. Two neter devices take up double

must bp aisimized lire ofdes forthepsapetaciyeof dhe gumpiet ke coltmetl‘eve in

RPN S T R Y T e

cost-gffetios @Gdlmetat 1A \wah. préwderRicesimifiahe6ss i floRdHeaSurements
doubl e t he nunber of di spenser conponents, such as

on twg gndgpandenhfiQustreagiful at ors, check val ves, piping,
?P@w e mé(%&t)a&hfs t%cﬂmg{dllo( g%ééﬂ{r&% v ﬁgt%rs if 'bs.l% a fuel

ded accor nent
dlspehi;m' Wh‘/lmughdhls |§ lrewbitkabie apploaich, i éas aravbaskseTwo meter

deVIces {Qte u eéofi'm |[\e spfaé:g Y¥\ ﬁwoen%léﬁ tdispenser as a single meter device.

Two meter devices can double the meter expense of a fuel dispenser. Two meter

devices can require double the electrical power. Two meter devices can require

double the number of dispenser components, such as solenoid valves, regulators,

check valves, piping, etc.
Summary of the Solution
A three pickoff sensor flow meter is provided according to an embodiment of
the invention. The three pickoff sensor flow meter comprises a first flow conduit
conducting a first flow stream, a second flow conduit that is independent of the first

flow stream, and a common driver configured to vibrate the first flow conduit and
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conducting a first flow stream a second fl ow condui't
that is independent of the first flow stream and a
w@ovsnmssds | ver configured to vibrate the firstrPET/082006/029735
conduit andthe second flow conduit. The three pickoff
senso fl ow further ris thr i ckoff .
the SR EOAHTE o1 Ba HiEeRaT R SPvie i dBHRR" bomerises
three %k@)‘f SEHSBRS cérﬁ?‘igt)reélf@' pl’:&ié’é fifs® fanbl%oblnﬂf’dmé bewy values (Aty)

conduit and the second flow conduit. A three pickoff

and (&kh&urthe fisst ﬂﬁw eenquit mdamej%@pca@cf&nvu cAgduid an
f Kgﬁ%ﬁf&oﬁfsehg& MW mgtép 1§ eqré?@eﬁ@c%%r&hﬁ?& fa c?ééﬁwent of

er conprises er roni ¢cs co

the inveatidry. e Thedisraeapiekdff sergsualfiow meterrcxim;bmses metedteléctromcs
conducting a first flow stream econd f| ow conduit
configifgdl tp seGqivR MaRRRMENt SigBalS; f sty cenquikaondiiedng a first

flow s@%% Qéédf G\H'E:fthH% ﬁﬁttlé’ ind H@nf Behbiflrstad am, and

t an e secon OW CO The three pic
a conyrenB @river omnitgured 1) umabrthedmﬁtrﬂc%sonmméanqb itk séd&ond flow

to th { t
conif T E6S ek e FolEimeter TiBH RenerseL e pickelf
sens&@%ﬁ |Pto! tPedNeRreRbiTRls 19 foupRvilgdvention. The three
pi ckof f sensor flow neter conprises a first flow

cbvibiee pebatisensagfiew metst isf providedracoerding $e @srampodiment of

e R TR BERER T et U EGBRc

conddidtivny & fird fiolv strshrh @ seesad flowl condaiinibdat it md@mﬁdbheef the first
pi ckoff sensor flow nmeter_ further_ conprises . a sh

flow ﬁswqaaa)fano&a [FOBMeR AfiVgLFiaubes Enuibste the drdfiow SSdiit and
the s?#&{oaﬁé\ﬁgéhd[lﬁs Bstﬁrefer cgjf %ﬁédrmﬁ\/\%&é’ﬁﬁ}ﬂbg?c{n‘nbﬁges a

Oow con the S ow condul t
sharddmpiekafh deMOrmmﬁlgﬁfecbmrweratma sharesbvibratipaakrespense from

viratign StotF IR TRY EOmU 810 e S S PRAUb AR

mdep%h@bﬁf E}lCﬁ@l’F%@ﬁs&C’cﬂfdfi@HF&ﬂtd GeSARY Afiestandssetident vibrational

i ndependent vi brational response fromvibration of the
respadeedram vikration of the firsiflow @onduiteand aseisond ingependentpickoff

ickffs rfI neter s | { n
sensh STkt fondia® B SEREH I oedp B B RRERRE I PobSe #om
Vlbram,bbﬁmqbr‘@@nalfrow chbhdy. condui t conducting a f| rst flow

stream and vi brati n%@a second fl ow conduit.

vifongepugrnentyeethediienabyres Riskafbeerrarfiow mﬂt@' lm%ded
accorfd %ﬁ)eén ‘é@{[}&%ﬁugﬁt é@f\g'ﬂvé}ﬂnoﬂ fTH{h%&;& ?&’ngp%s vibrating a

onse f1T ow condui

first ﬂmmbu:m’cdmtrtaindm;ﬂpg asirsi fow etreant ad ibeatiry alsecend flow conduit.

i ckof f sensor d froma fjrst |nde endent pi ckof f
The \Baraigg is pREOHREHBY & FRIMON ¢ ThedNethod it ﬁar gomprises

d
recew@ﬁ %’“ﬂsﬁ’bl%e?dsrggg% (ﬁfo@?g‘b‘f‘% fifst F‘IBW SHRMY THeOHYst v:brat (?nal

rational response is generate

respdnseris geaesdiad énpachafdéd pickofirseandr &ndfrom 3 dicsirioidependent
pickohns%% Spd‘?ﬂé nﬁ)ciat%légffarther comprises receiving a second vibrational
response of the second flow conduit. The second vibrational response is
generated from the shared pAickoff sensor and from a second independent pickoff
sensor. The method further comprises determining a firsi flow stream characteristic
from the first vibrational response and the second vibrational response.

A calibration method for a three pickoff sensor flow meter is provided

according to an embodiment of the invention. The method comprises zeroing out
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sensor. The nmethod further conprises determning a

first flow stream characteristic fromthe first
waoesatisehal response and the second vi brati onBET/US2006/029735

response. A calibration nmethod for a three pickoff

the tESE BRKAL SENSPT IR eleRAnt g oI Sunain et Tl afargace meters in
comnAiiSatideh With tHEtHrEE QRokRIfdeRisbr AR SAEtel] TWeMRERTodANfher
Zer ol ng out one or nore reference neters in

compgisasrinaasating @ fivst AowHerougherefinst rwrqonsigitsdithe tuge pickoff

sensqhsT et MY ke PREGHCRTRRI FO8TERT EhinBif e S o
more sefesencef ineterse e metitgl fubibet borpripes kddsusimgnseddrmifiow

neter and _ using the one or nore reference neters. The
thro“%?rﬁ?&of‘grﬂm’e‘?o o f@@ghr@@a@amfﬁae%sog'e}mﬁ\eﬂ%wng the three

pickoﬁ@bﬂgwﬂcﬂg ?r?é%@{‘gnél h QM PBBHE %roﬁo?é‘ ?eféf)é;rﬁ%srglefé@.f ]fl'lhe method

sensor W neter usiing the three prc nsor ow
furtherepeprised detemyjningetwoanifovo calitration écton(C i tfer the fhihee

pickoff3eRYHI MHTGE SOG4 FEELoWraFaq fremant 200 Sband flow
meastiestaent. f| ow nmeter using a first flow nmeasurenment and -a

second flow neasurenent. Aspects of the Invention In
one aspect of the Aspestawfdhe laventionst 1 ow conduit

a u
M ehegrisdiing FOULBERT ke ML ERAdkE 8RR 3EFBy pow
condit orginatediiorhn 0eogime idetf rom a first inlet and the
second flow condujt originates froma second .inlet. In
y 8 aneihehasped gt dre fewirAater) 1 fist figw coRdult pHginaigssirom a
ot i ' ra ol i lsow: 1 . r aspect
first iR RSl LB QP PHERbRSs 10 f o il
virbyettanoghereasgictiod oé ther flow metet, the dbhvemetermarhpridest dn€oriolis
flow meter, the flow neter further conprises neter
flow rae€Et ronics, with the three pickoff sensors being

C pdtethdtifer AP bE thel e TidtBE, GRe AY¥wS rﬁléfeeron'iﬁHs%shae vibrating

wires. |In yet "another aspect of the flow neter, t
densitdineter.pi ckof f sensors conprise a shared pickoff sensor

fl t t h ior at i I
¢ P isitier 4hpeer O Bleh i BIeF So PRy e bR Burb e R fes
metes§liestnehits aMite tHithrée pRokofffseinsbrABEIRg dRbldd ©kPEimeter
sensor configured to generate a first independent

electrpnigs i foHEPT MSPAVERS- from vi bration of the first flow

B Aot RS CPUL AW EAERRSAL el E03e comprise o
sharedi gicladff sevedor ceafionsel forganerate a shared vibrational response from
vibration of both the first flow conduit and the second fiow conduit, a first
independent pickoff sensor configured to generate a first independent vibrational
response from vibration of the first flow conduit, and a second independent pickoff
sensor configured to generate a second independent vibrational response from
vibration of the second flow conduit.

In yet another aspect of the flow meter, the three pickoff sensor flow meter is
configured to vibrate the first flow conduit conducting the first flow stream and
vibrate the second flow conduit, with the vibrating being performed by the common
driver, receive a first vibrational response of the first flow conduit, with the first

vibrational response being generated from a shared pickoff sensor and from a first
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vi bration of the second flow conduit. In yet another
aspect of the flow neter, the three pickoff sensor
w0 b@s/omster i s configured to vibrate the firstrPéT/082006/029735
condui t conducting the first flow stream and vi brate
. h
indepgBAP B TSt b3S, BorisA SPPURY VRl Espihepdy e second

flow conBUAL Wik @He E&SHMINEBrationial ﬁesf.dohgé bfeh@/vgé;%}%éd froid th shared
the first vibrational response f? generated froma
se

plck0§ [sgnear Pt ionra sepcd Iram)emd@nt lalcko n$riepod detrrmine a first
row eBtpbharaERRRte s Bl ot FRRITH 4l aol vessenes

vibratiorzil eédpongk. response being generated fromthe shared
pi ckof f sensor and_from a second :Ryggﬁg'endent pi ckof f,

sHh%%tranoélPﬂ arpest Af the flow imeater.ithe gignfurther comprises
metef%\@ﬁﬁ‘&ﬁlﬁé ﬁh é fnp8e EFI:%?F detsold B nﬂb'c%ﬂ u %69.01% st

t he secon atlon response. In-yet r aspec
and setondh Gm‘el dHlaymale:es (Abvg a‘rldo(\&tﬂéole rthé first flew ccm'imlltl arebthe
ronics, with the three pickoff sensors

Ll copiiy
seconLiioW cOBA-gur ed to provide first and second time

dey 8¥e ¥8HEEDF thE moastiiEmehk miethéd, thbeetbhd tiol! ch’Hdmt has zero
conduit and the second flow conduit. In one aspect

flow. t he neasurenent nethod, the second fl ow conduit has

° 51 et b RS RS b Pl TR SRS E B sret

conddts @agBcoht floel stessrhher aspect of the rreasurerrent
met hod, the first fl ow conduit and the second f

c Bhiel anadheraspack of tf@maéufﬁwh rﬁghhod the frst ﬂgwaqﬁ@ult and

m@pﬁ £HE first flow
thescon Uit g?{'églﬁtngﬁ@ﬁairommaa rst HEME and the second
f lroyetcanmudiernt aspreog oﬁﬂteemeiasuremem;temethxd)dl, theufirst flowyoeinduit
e nmeasur enent net.hod, the_second
originp iR OB AL Mob ADE 6o BeeatbAaw fos AL I GIPA!PR 4O @ Second
input] ndependent of the first flow streamand the nethod

further conprises determ ning a second flow stream
c ayetcarethent aspeick ofihehmetisurmentimethodnthie sesqnehfiaw andduit
vibratio onse t her aspect

conallé Rl B M B e et B MR RE Ao R BRPSRA the

meth&® FtHeF @BniFisBE deiermhihing a ¥ebod fORtrean® @ﬁék‘%\%téﬂéﬁctfﬂﬁn the
second vi brational response in equations tf\ =

first vibsational regpanse apq tjje.sep@pdmﬁg;lomalpr@spggsq At 1 2 -
Ainz%ft gn&hérlaspe%g of‘th%a@ﬂ%ment method, the determining further

comprises using the first vibrational response and the second vibrational response
in equations
iy = FCF (At — Atzy))x (1 —Tc; xTm,) + FCF,, (At,, — Atz,, ) x (1 —Tc, xTm,) and
m, = FCF, (At,, — Atz,,)x(1—-Tc, xTm,) + FCF,,(At,; — Atz,;)x (1 =Tc; x Tm,) in order
to determine a first mass flow rate () of the first flow stream and a second mass
flow rate (71,) of the second flow stream.

In yet another aspect of the measurement method, the determining further
comprises using the first vibrational response and the second vibrational response
in equations iy, = FCF,,(At, — Atz;)x (1=Te, x Tm;) + FCF,, (At, — Atz,)x (1-Tc, xTm,)

and i, = FCF,, (At, — Atz,)x (1 =Tc, xTm,) + FCF,, (At, — Atz )x (1-T¢; xTm,) In
5
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n2 = FCF 22 (At 22 - AtZ 22 ) x (1 - c2 x TnR)+FCF 2 1
(At 2 1 - AtZ 2 1) (I-Tcl Tml) in order to determne a
wo pooso135ess flow rate ( hl) of the first flow BCTES2M6/029735

and a second nmass flow rate (n2) of the second flow

e BRI Y SR R SREE e AL R B scone
o s

T =.kCF
(At#git%&?{ éf tFézmgésrnf)gn FCFrﬁ%th?d fflemeasy Wf('ﬁ
method]' mrthmpmmmed czeranng ceit Eenthnee @lcﬂqoﬁsitensas ﬁoWImﬂer émea
lib é%% the first flow stream ar)fd a Pd mass "
calibr répfo°§)53 of PR QIR MNP & Eeo{}ﬁe ‘Pﬁ SRl ﬁwca ion
with 17 Baek pékdihseriRpsidhaniitr, fRbBafng biTesBAF Hre0BR the first flow
met hod further conprises zeroing out the three pickoff

conduifepisibe thrasnpinkefésensar flow matesr Wging the fhyee pickoffaesisag flow
meterX4tld (8fig3he KRk GG e BRGENRE FRUGH, TSR LALLM

nsor freasdring a 1171 St

througﬁ the sédandofiow eendiuit ot thel ibvee pickufftseabot fivw higteeusing the
ckof f sensor flow neter using the three pickoff

three Q@l‘@grseﬂSSW Iewiragtes apd L}ﬁ'%m%@% REMSYE fpfeEencss Betars eand
deterPHiRg fwo TBASHibRstich SRS YFEFSor the three pickoff sensor flow

meter using a first flow measurement and a second flow measurement.

In yet another aspect of the measurement method, the determining
comprises determining the two flow calibration factors (FCFs) for the three pickoff
sensor flow meter using the equation |

FCF,) [Afl-z, A=z, 0 o |7 (REF,
FCF,| | o0 0 At —z, At -z, 0
FCF,, At} -z, A -2z, 0 0 0
FCF,, 0 0 At —z, A -2z, REF,

In yet another aspect of the measurement method, the determining
comprises determining the two flow calibration factors (FCFs) for the three pickoff

FCF, FCF, } { At -z, }

sensor flow meter using the equation
FCF,, FCF, ||At, -2z,

In one aspect of the calibration method, the determining comprises
determining the two flow calibration factors (FCFs) for the multiple flow conduit flow
meter using the equation
-1

FCF,| |Atl-z Adl-z, 0 0 RER
FCF,| | 0 0 At —z, Aty -z, 0
FCF, | |Aff -z, A2-z, 0 0 0
FCF,, 0 0 A -z A5 -z, REF,
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t hrough the second fl ow conduit of the three pickoff

sensor flow neter using the three pickoff sensor flow
woreaosn13myl usi ng the one or nore reference net BCHFUSANE029735

determining two flow calibration factors (FCFs) for

the three pickoff sensor flow neter using a.first flow
IR 8UPURE AEPSHPTINS SAlRR RN SUPHEYs thecHimning Gapprises

deterfiifthg She 850 B6lv AdlibraforRREMSE SPERE) MRItAE dauliiPR flow conduit flow
detefm ning conprises deternmining the two flow

cal i bration fact(otq| FEEEs)FCBL I hg-tAnee pickof f
meteg dsisg the eguatipR ghl%};&?t he- Iq}%&i gr;'}- In yet anot her
g

aspect of the ermett nethed, *t hé’ det er mi ni ng

conpri ses det er myyAG: j bration factors
(FCFs) for the %ﬁ'&&@o@&iﬁ%@%w nmet er usi ng
t FéGedilhustrated a florematgresmmisindga floa metert assemidy lBod, meter

t he determ ning conprises determning the two flow
electioniGsyr atj on factors (FCFs) for the multiple flow

cengup ishblyavh fRES rﬁimﬁsﬁﬁﬂéﬂqﬁ&é’ RicBorfiY RS hn @pitssdiment

of the calibration nethod, the determ ning conprises
of thedimventidmi ng the two flow calibration factors (FCFs)

f the, mul tiple flow conduit flo ter ing the

015 P ShoWs B B kAT BpMicrd o it 2ba iBo o
embdditnent 6Bthesindentichy meter conprising a flow neter

assenbly and nmeter_ electronics. FIG 2 shows a three

piFdRof S adiewmhart &fp masskrepest e for atheambigkeitaensor
flow ﬂ‘étér%oﬂﬁfﬁ&é ?H'en%&iir%n?gf’t’?% ih€ndidH ee pi ckof f
sensor 0 e rding (0]

, er acco an enbodi nent of the
I IGNGishowsRh&.thred pickoff semsdreiaw nieter aasdingrteran

t hod r .a three pickoff sensor flow neter according
embq%gﬁt @{‘r'g’@dm‘r%'?ﬂorbf the invention. FIG 5 shows the

tim&es %ihﬁkﬂéftbe%ﬁfé%%icﬁéf@%ﬁ?dﬁfowﬂﬁfé@éﬁhrkgcél réﬁk?]n set-up
enbodi nent of the invention. FIG 6 shows the three
accopdling tf 4n sertswlimenbaf thetipventiona cal i brati on set - up

oS08 T A IR B TR Mo S P s BBl Benkol o
meteP beksthingSeEPEmboRithent of the invention.
FIG. 8 shows a calibration setup according to an embodiment of the
invention.
Detailed Description of the Invention
FIGS. 1-8 and the following description depict specific examples to teach
those skilled in the art how to make and use the best mode of the invention. For
the purpose of teaching inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate variations from these
examples that fall within the scope of the invention. Those skilled in the art will
appreciate that the features described below can be combined in various ways to
form multiple variations of the invention. As a result, the invention is not limited to
the specific examples described below, but only by the claims and their equivalents.
 FIG. 1illustrates a flow meter 5 comprising a flow meter assembly 10 and
meter electronics 20. Meter electronics 20 is connected to meter assembly 10 via

leads 100 to provide density, mass flow rate, volume flow rate, totalized mass fiow,
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nmeter according to an enbodi nent of the invention.

FIG 8 shows a calibration setup according to an
wersdiasent of the invention. Detail ed Descri pe¢DOSmhe/029735

the Invention FIGS. 1-8 and the follow ng description

temp 3Rl Sl SRR Vel B " EEs 58 Hob&fbr o e
skilled fV@RtarPthat i8S ptdsnd iiREien FantRAGed B érﬁWt%d’pbl MeCoriolis flow
principles, sone conventional aspects have been

metekiegprdieseal the mimbeeal drivass.cigkiof semsprs, flow epnduils, pr the
opera\?lmﬂg Wﬁ&?hﬁwé@églo@t 'ol Jlﬁcls]rmté gnlfoﬁﬁ 8é$ﬁ8é@'ﬁz%( iﬂjliaet éﬁla lHow meter
5 cantdigeraatively d:d»mpnse eovibtatotydensitbmeterat ur es descri bed

b can be ¢ i ned vari qus st orm nul ti
Elqu\gme@q:{sa%prmﬁg 104pelvdes P%O%H\a"éﬁﬂ fo{ ghd 107, mgﬂ‘%'ds
102 dndVRi 'cﬁ@etfmﬁ |ck'dﬁé§r‘r’sc§r 1b§e1c’f5®%°dof fl&mggﬂtﬂﬁgﬁom and

descri’be the clalins a
103Be(ﬂnveal1 6dtand Wib@ofﬂseﬂslmsﬂ ﬂétaed W5 hecomtasted to flow conduits

ng a flow neter assenbly 10 and neter
103A r‘é’ﬁ%ﬂ cs 20. Meter electronics 20 is connected to

MBlige8 SIDAdHY 169 atbanfligado hHaRifbids AIORVAsE 102N Niadifolds 102
mass flowrate, volume flowrate, totalized nass

and 40200n bﬁﬁﬁi@dmpmecﬁﬂ%rcﬂaﬁnﬁmﬂl%n pager jédthmamtains
the s %%r?%Bese %?1 m%\el%' d%”foé anﬁ '? %&Lérﬁ%r{c@s %g @r’aﬂ&ﬁ? n flow

ion can b
cond@tsr 108A and |1@®anrfﬁgaﬁcﬂte|3§ss§mbma Ony m’a&rrtem‘ mto a conduit
ivers, pick-off sensors, fl ow conduits, or th

Syﬁeﬂb%?hﬂ‘ﬂnwa@rb‘?amﬁﬁ the mﬁ{erlql el mqa@Hreql tm§1%'@ll gnises flow
me’celr 5&%9\5’6! @ th t or ﬁ d‘?ﬁ"l 'B'és%bs@hr‘b@ﬁp%l‘e?%ﬁo\’c? h¥2 V\fhere

r|s ensi't omet er oW neter ass
the toia] anmdmidxfsmatepal is difectédtogerstel léwaotdiitd 103Meamd dJOﬁIB flows

througR o Konekgnnes c&éf&%mﬂ%ﬁé%@“ el 02 where it

exits Ret&r e 90Rr 9% are connected to flow
conduits 103A and I03B Iangies 101 and 101' are
aFfaweanduitsnnA ahd<l 0BBarensblacied anktanropratelomoanted to

inlet gl “Dgeefontel e ol ERZES R T BREonBrBRRRE 1 Seme

massalistribG&on, irfopeeweot méﬁiéﬁ%nﬂ%iaéftidmaﬂu@%sabdmfﬂeﬂmn axes
conduits 103A and 103B. Wien flow neter assenbly 10 is

W--W are VY eV irasreddivetn dling flaysoasiits sxtaskoautyvaiply dipm the
manitﬁfd:)s\r/\i/hﬁa?elté&%nﬁamkgillfgﬁsﬁ%measur ed, material enters

er ass rough flange 10 1, passes
-t Fiowgonduitset03ant dl0BBLaR2 caneby teverotGd ineoppotiteafirections

aboul I Abesie i B 2EREE R B B ot o
phas®BekdingirRods! bt fe MBWIMOLH Bfiger 10£hfay domprise one of many well
known arrangements, such as a magnet mounted to flow conduit 103A and an
opposing coil mounted to flow conduit 103B. An alternating current is passed
through the opposing coil to cause both conduits to oscillate. A suitable drive
signal is applied by meter electronics 20, via lead 110 to driver 104.

Meter electronics 20 receives sensor signals on leads 111 and 111,
respectively. Meter electronics 20 produces a drive signal on lead 110 which

- causes driver 104 to oscillate flow conduits 103A and 103B. Meter electronics 20

processes left and right velocity signals from pick-off sensors 105 and 105' in order
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exits neter assenbly 10 through flange 101'. Fl ow
conduits 103A and 103B are sel ected and appropriately
woresed4i o inlet nmanifold 102 and outl et nani POI/USDHOR29735
~_so as to have subst anti aIIy the sanme mass
di stribution, S inertia, and, el astic nodul es
to coriBgi a GeAth Iy Eaies RAKNEGIOVIdeR, 3L EpUt End By SUIRHGNeRDs, that

allow$ PRE} é%eﬁ?h%g?zgﬁq&tl {fac)é vfnﬂPHhtdb%réEBF‘ bf Qitdothér él@c’aromc

essent | al shi on. Flow conduits 103A
systems Bltze description afyF1Gx itviepradded mesplyoas ae cdpmpde pbthe

operdtpAsT A E5bbic ASUFEAEY Suh b Byt BB Y 82t wine
preset,ﬁﬁ“féngwnneter Driver 104 may conprise one of many

known arrangenments, such as a magnet nounted to
f |Fdﬁ; 2shawsta M@%P&ﬂf@%ﬁ?%ﬁbﬂ@Wﬁ"ge@B 0/AsGRIERI £® N ow

embo[%ﬁ@gwc bt ﬂ1g3lﬁverﬁﬁn &L Rkl %Wgéﬂé r Tléwﬂﬂéf%‘?@dohheftﬂggs a

oppost n to cause condui ts to osci
first fldwscoricabi 21 (w ane aaaegnati fiosv eqpupduie2 Gy Tee éirst flow conduit 210a

I 20,
and t6p SeCponTIY SUidu 0PI o rBod i Sogits GHRLS ppmmon
inlet 218 apd have rlﬁ&ftféﬁde\ﬁ? Fidet aN@ts%rcoﬁHQﬁRl%PJ‘Q £32 dRd PM3EUCESe two

a drive signal on lead 110 which causes driver 104 to
flow corduits & 1@af dralh? tom dan ircluds langes (red Bhows) et the intake and

ut lgl ectroni cs 20 processes |left and right velocity
outpulighidSt s from pi ck-of f sensors 105 and 105 in orderto

CNTBsHnEhch dfvs 160w I6cHted bRalder? thaofiieY flewsconduit Bila and the
and an output neans that allows neter el ectronics 20

second flpw @rfobldie?mbt hThgcopaian divesr2 1 isrcasfigdiedeiossimugiangously
vibrafe/Sf B T RETE R i e Bho e 31 0a, a8 186, O°F, O

ey §ha?ﬂ¢lc@m%nsmmﬁde dodated betwedmthe iratfiowgontiuitizd Oa
and tﬁea%%gaaég%diﬂ%ﬁme Tie Shaisckatell S0t & keontoared to
genelfamée‘el1 vltﬂ%tn&ﬂ%ler@ mpbﬁé@frénﬁﬁﬂls’aqronfclfg%tw&ﬁrs@ﬂ@w conduit
ncIu es a condul second

21 Oacamdihiet setohflflowl benduit 2106.| She sbaded plcRofi @anacmbméhean

secon flowcndwtoiar nths g'inae
comp iR e SiTsaATe Picked Senorata dolaaltertimeRatr Sef
S %ﬁ&‘i‘ nrﬁi@?e%ﬁ%n?ﬂl%ﬂoﬁ %Qngér% oal fRecduped idJlWeQ‘QQﬁNbW %onduxt

10a a can include flanges (not shown)

210ai amhlse:cm’ﬁlgurﬂd fogenarate a firgd dngenengieint vibratianal f,emmﬁeé‘aom
worai 7 5 A b S oB0 b BB A B 21
is coaplealtmihé aseonts flyw\doheiaite 10btand besofnrﬁgatedmmgamateda second
flow conduits 210a and 210b.
independent vibrational response from vibration of the second flow conduit 210b.
The first and second independent pickoff sensors 219a and 219b can be
supported by any manner of rigid support structure (not shown), wherein the first
and second independent pickoff sensors 219a and 219b are held in a fixed position
by the support structure and measure relative motion of the vibration of the
corresponding flow conduits. Each of the independent pickoff sensors 219a and
219b therefore generates a vibrational response for a single flow conduit,
independent of the other flow conduit (and independent of the other flow stream).
The shared pickoff sensor 218 and the first and second independent pickoff

sensors 219a and 219b are coupled to the meter electronics 20 by four leads 100
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A shared pickoff sensor 2 18 is |ocated between the

first flow conduit 2 10a and the second fl ow conduit
WQ1@k/013Fe shared pickoff sensor 218 is confi gREEUS1006/029735

generate a shared vibrational response fromvibration

f h.the first flow conduit 210 nd the secon
(sce Fpa i GoRd the oAy R B 51 DP Y0 1S caug g dhe
vibratfdHap Fée?pfbr@btfftﬁ'h tRE sHAasd' ;ﬂék&ﬁééﬁ@frfz AP thePlibrhtional
downst ream pi ckof f sensor. A first independent pickoff
respogeas dion theiist and ggrend inslepeadent Bickeif sansesdi% anda19b

are e} efyekta i RIdHesE8 AP REEC Beloisk 2 ERITET AT 11 o
cOhdunéte? eldironfesSZE imnohé Bawipeirent is pioeikiglifedstenaiorate the first

219b_is coupled to the second flow conduit 210b and is |
flow copdpitgl0aransiugting adirat flows straaa and¥ipsatgshsecond flow conduit

. b . g
2100, e R B el Xy g CcRfmBh v 2367 sridutbe
undenstadcbitfat e secendi@s candui2 290b daesiet dapp do beddngluatipg a

f rigid t. st t sh . wher ei
flow ST 78 b SR b st Softttied 1S Bkeiy S A5,
vibratfitfhl fdSHorReeofRE dirdtFiodv EdneRS m,tv\!/iﬂﬂtHé]yﬁr&hﬁbﬁdi@har fesponse

_ structure and neasure relative notion of the vibration
beingggendiatesdireradpestiaref pickoff senswii 458 amd dienvthe first independent

e R R R e S
cond@ipRd0b twith tistepecsirnVibeitiohbEredpbase bleing gomshatdd fremdhe

i ndependent of the other flow stream. The, shared
sharegh RIREAT sarsRfo#1Sard Ham thesacopdiinggrerdans pickoft sensor 219b,

and SRR NS OGS o SR EA PR hEARD A G P pee
and tié €ec@ndinitratienad cespgesyi ng di scussi on bel ow) .
tly, t i brati I from.the shared
e S Dblaton=D s baRed bhRobes 572 ShSred v ks Siphsee
from g%gsﬂ‘zdlréétpicﬁ(b@f s°&f‘s%?§1B%ﬁ‘ﬁﬁﬁ@‘?i?ﬁﬁn&@f%@ﬁént%ﬂfréﬁéﬁa@égﬁonse

9b are received and processe the neter
from thedfirst indiependent(pickeofFsensar 219ah A first dlowetanetuitdine slefay (Aty)
i.n_one enbodinent is.configured to.vibrate the first ,
compyiRg ARG, dTS R oL HRED (I SGorer dbatio gl espamy A the firs
indepehBent EbmtRePrebponsw conduit 210b, with the vibrating
bei ng perfornmed by the common driver 216. It should be
unBersscend vikvationaldesperpricampiiseningshared oibratieraligsponse
i :
and (] ¥8o0rfs RCEERAE (BheRnnl R8RBHEEHEI HEsdhf|pagpendent
pickoffisesison 2 heat iAosedondefimooseduif tirmbeldlay @t,f tompdseaiphade

.. 10a with the first vjbratiognal response being .
differgRerobaivasn f?‘@rﬁft’%%d ymwagir%mrrse the secppdindepsndant

vibraﬁJ?%lfr%épﬁ dendependent pi ckoff sensor 2 19a, receive a
secon w%ré\ti onal response of the second flow conduit
200Ime wieldy (Atp trerefone refildntatipbask diffsieocs debeean an upstream

. enerated fromth I .
vibrational response ahd a downstream vibrational response of a flow conduit. The

first flow conduit time delay (Aty) and the second flow conduit time delay (Atz) can
be used by the meter electronics 20 to determine various flow stream
characteristics for the three pickoff sensor flow meter 200.

The meter electronics 20 can generate a first flow measurement related to
the first flow stream and can generate a second flow measurement related to the

second flow stream. For example, the first flow conduit time delay (At;) and the
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shared pi ckoff sensor 218 and fromthe second

i ndependent pickoff sensor 219b, and determne a first
WO b@s/osIseeam characteristic fromthe first vi br@r/iusvas/ 029735

response and the second vibrational response. The

secony] i PR B AR AAET BRF R BAD Pt iRBr T Can spoond
massa4fbil %ﬁﬁse t#&e) And 85y, | nﬁﬁ@gw&@%m@ Qirphls8RIndrSRNR Ry

fromt 'rst i ndependent pi ckoff sensor 219a. A
measUréraénts| ow conduit time delay (Dt-t) conprl ses a phase
di fference between the shared vibrational et_ngt%nse and

t Asother dlow ﬁﬁ%’@rﬁ-‘cﬁ@ﬁﬁdﬂ‘ﬁ?(‘atp%ﬁ%n PaSSIEHRted eIesResINg
is a v?ré'ge&gfnbémé'forr i s‘f | §9% %fléﬂa&ﬁﬂiuﬂb%ﬁ?b‘f affdrent

se and secon ndependent vi brati ona
flow areagdns exampla, ttlhe threequqffrm;wn flewt mpteri&ECr caehs eonfigured

A second flow condyit t el a Dt 2 Li.ses
to mezSp A Bl Al etino, 1P P Ptresh ShefR e 8 an
also B §EEateRhy tﬁé‘ﬁr&@%@ﬁ@ aritfeRenmanthy lsbb?é o e descrlptlon
response. Atine delay (Dt) therefore reflects a phase
and apimBer ence bet ween an upstream vi brational response

gﬂ q‘lr%qmié{rggﬁs% l?tﬁ%ﬁéng%ﬁb of el t | rre?\glq’foﬁ s{r%??ﬂ As a Jesult
the fnfsh fowestizaeh fd oy Imkedlibtorﬁmﬂmndebl By t(‘l@tseZ))nd ébv\bﬁremdand

y the neter electrgnics 20 to ﬁerrrin vari us flow
vice \setr%aﬁaoeﬁa%%mtéfr ithe flew thggughrra Céfécer\gw&fsﬁn %&ﬁeﬁlsured
h generate
and confIRF rifopeent B 2 flw RrBEGR A Bt Coraliot el
sim enencarbdirment dhe rfisstdloav stezamdan| hwemdﬁmenbﬁiuw rate than

the seardt i SiteBBndlh 27 PRECGENSA, 115 1) NaWGEHEL GaBiAgprise a
first le\/\PrWafé?Ié‘ii Bhl the @chﬁﬂ ﬂ?éw(dﬂe%}n ean CB V\fi%%da ‘séc&ﬂi ﬁé\ﬂ‘nﬁ‘ﬁenal

first and second nass flow rates

(see pl@cBssi hq:;flretaﬂowaﬂ&tzeage Gan hawe @efrrgt d@nst’ya@m ti‘reessﬁ@nd ﬂow

streafiR} v By oS S C EPFG ARl e ik Bk cpp comerise

a firse@ehahd e séssrrlowfstichm Eawcdm Ws@ @rsBtongl faek Dhe fuels can
different flow areas, for exanple, the three pickoff

be floying gt diflerentifatas: Doerefals. ke wshang §?§Qﬂq Hovrgngaswements
can be Qe fﬂesr‘ﬁ%%rtéie@l?&wlﬁé)ﬂg tggonc%& 8 b&@fg%ﬁcﬁ@rﬁ%el metering

aracteristics can al so"be generate
transactmnssﬁorreg(ammeare within the scope of the descri ption

a clainms. T first ro streami s i ndependent of
S ADedlcimeten 90 bt assmbRmerSamprisds e CariUs Nomgmeter.
Anterﬁtrvemhéﬂawtméfgﬁlg@@ ddinSisds™ liBeRRAddsildnseteecond

tream
The flow meter 200 can comprise two operable flow conduits, as shown.

Alternatively, the flow meter 200 can comprise one operable flow conduit for
conducting a flow stream and one dummy flow conduit that does not conduct a flow
stream. In another alternative, the flow meter 200 can comprise a flow conduit in
combination with a balance beam or balance bar.

In one embodiment, the first flow stream and the second flow stream can
originate from the common inlet 212, as shown. Alternatively, the first flow stream
can originaté from a first inlet 212a and the second flow stream can originate from a
second inlet 212b.

11



10

15

20

25

30

vi ce versa. Consequently, the flow through each flow
conduit can be neasured and control |l ed i ndependently
w@booshessis ow t hrough the other conduit. | n onePCT/US2006/029735
enbodi nent, the first flow stream can have a different
econd flo

hoth BBohon e 355 2pRabl 2105 B0 2 REEsS sybstaptialy

-shafde@lvwdwt:@ﬁdm{s a8&nbs. smémdtm%?vvhétfrcﬁ@abmmcm b€ 210b
a second flow material (see F he first flow

can cgmpasensehntantialy %tralghtsﬂowmdugts émtt shewng e b viar opther

shapet {7 S5 3, SR oo MR IS 654bs b iERban =R ptims.

Skromel efﬁb@ﬂirﬁémteﬂ‘m fian flowmunidest 2 0aaemithel ssrhe cldss-sectional
fu &s can be fl ow ng at different rates. Therefgr@g,,
area a3 ther seconddiow serdiib2 1w Alfemaiivelye ey camhaee d INgyCross-
secho?x%? fejer electronics 20 to conduct two independent
]e\ met eri ng transacti ons, for exanple. The flow
net&r3 g2bows theotheee lpltrmdxffrm‘tsoc doprmetes 2@Ocanciomlihg 6 lapw

embog SR Re TGP e IOUFRGT PSR EIelpT SSSTERlFs 20 connected
to the%l&k’&ff §éEndore 2@962@@& eaﬁ‘d 24085 99 ‘#Né leadsaf0s MPME jeads 100 can

ternati vel Y, t | ow neter can conprl se one
compgpe edwirion pbwcgbhra@ thatfcmnn@@tssdb@tﬂomgrr@ten aseesibly dthtartbe

dyyt that does not conduct a fl ow
metef%‘?%‘gﬁﬂq@/%t’é%'?ﬁg‘? ﬁternative, the flow neter 200 can '
CThBésR P00 Inewdeoa fisd 100a eonbediad tethe\blidred gickathsénsor
beam or bal ance bar. I n one enbodi nent, the first flow

218, a{gash i necnnestediathe irsbindsperdentaipkaft semsnsd 9y adead
1000 ESSEARTRY e orRacBSnabition 481202185 og Hfommon
lead MIRbcabctdtbtosaitimee of tve pickeﬁnsensmrscﬁT 8ien Qaeahd ergb

d t 212b. 1 b the fl dui t
S haRntod RHGeLR RTINS beristEgnds 1PPg@nd T00d,
betwe%ﬁ’ﬂ@éd& 900BSnaMOPY, aAGtEHARER Y€Ads 100t ahd QWOHO@.}Hhté single-

a and 210b can conprise substantial [y straight flow
endqu mmrsnenmorﬁiguvm)on taslweee the oumber of egspiredapickofE wires to
be used, and are within the scope of the description
and clainms. In one enbodi nent, the first flow conduit
2THea ilamtibheakedBd vdMage DE e pﬁé’ée RicRad dsop BFa Heivegorithm
fl ow conduit 210b. Alternativel y, t hey can have
for they flowanetay 2000 sihsediiveralgiorithine £an legkihezphasanetaen eireef the

plckofeP n%hgtgrfs aﬁftm\ ' L O%ve b Emﬁng.ﬁﬁ%%é gﬁ%dts Iﬁgag:opﬁguration.
Convmtaaﬂy ehe @hamd picke senaoe21&dan detibekga wktbefdriversignal for

219 and 219b b he | eads 100, The |eads 100
sumphggy, By tai?ing advantage ofyth%s locking feature In the pickofT sensor

four.

arrangement, it is possible to have a single pickoff sensor locked in phase to the
drive signal and have two independent pickoff sensors, allowing two independent
vibrational responses. The time delay (At) is measured between the locked pickoff
sensor and each of the two independent pickoff sensors. In addition, the locked
pickoff sensor can also comprise a reference feedback signal that is further used
for generating the drive signal.

FIG. 4 is a flowchart 400 of a measurement method for a three pickoff
sensor flow meter according to an embodiment of the invention. The method can

be used to measure flow through just the first flow conduit 210a, to measure flow
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conprise a portion of a cabling that connects the flow
nmeter assenbly 10 to the neter electronics 20 (see

WO-2@8/013545 The | eads 100 include a | ead 100a coPCEHUS®A6/029735
to the shared pickoff sensor 218, a |l ead 100b

ted t fi dent kof f
througly Bt B Pecein s cobilis 2P BB TCr e e iRUIB e e
througfg]‘l Blsfpfﬂnesﬁsﬁgﬁd dedSHu ﬂ@n@oadgiwmoa lagac 1H@0d connect ed
0 three of the pickoff sensors 218, 219a, and

2mg$tepgtﬁg tee Ergd @awm@urt@fdﬁhé sacengd dlonorondiibrnenderated by
the C%”S@%@e%%iaza 1-%%0 anﬂ&&g%g\ﬂu@ ﬁgac]ag; Périog eenécﬁ)&('jt ASH gtream

and theesseorenfiol condhit @d0btcaarcondduta setord Aowhstreamh.
reqwre off wires to four. _The_inyention take
ﬁPé’él?D@f

iIrshwbfstiesal lesprage Ph s st HowGopduit 2108 is
recen@dg e Efgtffora &?alfégd&ﬁé%t&fmg%s Jﬁ‘%lé&ﬂl(}(é‘? P@ éﬁ@l‘ﬁted by

can t he ase tween one of the sors
the sheameld tpikodif sersos 24 Baind arsebgtrtdaésqglmakgemeratmdby mqaﬁrst

ncen 33300 PR R\ T ke oV afer R Pahayh pis Bt o
conduiy21@Ki THe IFyaM RSN A rebPbisd Bflfbige t8AINIEIE B \liti‘rétlonal
pi ckof f sensor arrangenent, it is possible to have a

respogsagxfaftmmﬂten%lenéhﬁ firs Sewecansuiiizida. t o the dri ve

ol TR B At AR R R PO e R s BRI oqpuit 2100
is recéive®. d‘Qieas(ec(dﬁd) vibsitishabiespanse toepnistd Gn|e)§dfﬁﬁdalmlgrk@lf f
sensor and each of the two inde endent pi ckof f

genergiark By he shamdpiekefhsensas A16AdiapelawHifl signa gepgrated by
the sétond @QQE tDiCKIHESSHEF 2 9? %kse%oﬂﬁa}lbrrapeﬁia_l réspﬂnse

urth r generating rive signa
therefose aah Ilrwlndilalatwblr@ﬂonél raspmmoiemﬂnw matdriad irf the sedomdefow

conaf S oy BREHs1a RononinaioRa aadonSe P E B AL AR
VIbratfdn‘éWrééﬁdPiégrbetHé*en{dWsébéﬁd bl RMnegR3Migh, 210a, to

nmeasure fl ow hrough just the second flow conduit 210b,
oln step ks @rfgsbflmmlstraamrabwshcm@a@nnbtadh It sleould be

fir a ecpond fl nd ts 2 nd 210b. te .
underghig @R IR phe M SRS dmir BRa B st pp et Phined in
this sePNArAd firkt Bow difeting @hbﬁédé}%tl@qmmrﬁﬁhé’&froﬂrﬂﬁ}e fileeand the

first flow conduit 1Ga can conduct a first flow

secongt vibgationad r&sp@n%%oﬁaefﬁrﬁvﬂ%ﬁtﬂ@am charagiepslic eamgaawprige a

mass JEGE R L) of ks TR 1ol et Rins dooho BT GBG . ot

of the t6t FIC?W ?ﬁat&hgf@éd'l gé‘ Abtdr ﬁﬁﬂéﬁ*ﬁ@ﬁﬂ@ﬁrﬁ&ﬁd f SL&Hd V|B§dt|onal

signal generate e shar ed pi cko sensor 218
respoaneel ectrical si gnal generated by the first

In step 405, a second flow stream characteristic is determined. It should be
understood that more than one ﬂow'stream characteristic for the second flow
stream can be determined in this step. The second flow stream characteristic is
determined from the first and second vibrational responses. The second flow
stream characteristic can comprise a mass flow rate (i,) of the second flow
material. In addition, the density, viscosity, etc., of the second flow material can be
determined from the first and the second vibrational responses.
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i ndependent pickoff sensor 219a. The first flow

material is flowwng in the first flow conduit 210a.
wab@shHiyss: vi brati onal response therefore can peUszes/ae9735

vi brati onal response of a flow materl al in the first

w conduit 2 .10a. t 403 ond ti onal

DB o oo, hoh iy Eainifis TBISTEndELBe voq.

measiﬁhﬁnéﬁ%ﬁﬁaé’é Bowtih @helﬂowmtﬁﬁs G@W‘(de‘b%ﬁdéﬂt of the flow
el ectrical signal generated by the shared pickoff

throughe thsopthel goadidit.aA flaveBrreughapneicgndiit fihinestaphase imige other
condlﬁfag[gg ds'e ﬁfgqﬁpktagg' %lﬁ%w 285 Tty Miongg%saa%f]ﬁ\e fwo flow
ralona respon here ore can 1 nc e a
condwlishsfahé ¢mak mel&pfbeeresccrfﬂow fletey 200 acdcadingrtotthe irmetitiod. The
flow conduit 210b, can jnclude a non-fl ow vi br.ati on
new q*@i ﬂew&pndaft SSRALIPAE BRY ea§e$ PBBe figisgelny SxpRYuenesd S)ﬁ poth
flow %hb{s 5€683raf 2N {i%n%' ‘an@J&B In step 404, a first
| ow stream charact er’i stl c is’determined. It should be
uhda tredidiotiat daal tobedarfadia flomemeiars e pHasw is mesasured between
ar a ristic can det er.m n his step., The .
two fifyl o alfts At uiaee AEISCE, Pepftuiatgd hatdedh fllat T pickofrs
and ohhét éldé %)‘icl@ﬂ’é dffiBe sRstenNdTHis hakk Aifdrehes RO BsRVertethRito a
first flow stream characteristic can conprise a nass
singles ﬁlmwdeéme(lxt)‘amsi iptsed o fietesming aflowsaapliat (such as a mass flow

addj t etc., of the first
rate 'F { gA\K/éﬁ%ﬂenrlégl%ydeiﬂngmge%ése%%%eéxfrom t he first and the
??;J;QrpﬂtmpigtalAgglah_rpsmnses In step 405, a second (1)
ow stream characteristic is determned. It shoul d be

uhdgiséqeatiom) at SIﬁQIEGnéBQﬁremtfolf timesdalaniiit) can be used to
characteristic for the second fl ow stream can

measyEq Howi dd¢ ﬂmetdﬂl%v chte s adppeled dyohHmer Y et éafﬁ  (Atz). The

time &él%( in&fo H?éseé ﬂ?v%tléﬁ ?é(;@t?f‘ﬁ\aft lid §LieRAMhetfGRdEt no-
Vi rona respo ses. e secon ow stream
flow comditoseri sti c can conprise a nass flow rate (nR) - of

mat.eri al I n additi.on,

t it
PSR JhisradticTan Thass o aa SuisliShs oof afiShustetfar the two
flow dé)%@ftéfbf‘ﬁ% tfh"r@érbtcfk%frfslern%br AW néder QGGO'T‘FHeVﬂe%éﬁ 'léJfFﬂJt in the

responses. Al t hough the flow through each flow conduit
dual fiaw contdyitsnefdhe, mverdlqmmﬂ@mduws seme phasevin hothritow

conaljs R & s linded ARERRHF I Rt ot B8 Vel R Bgnais.

In theradiiGial flow Metert betagsend 'd:bmm&i‘ﬂ@wsﬁee@%sttm cughi butagew
a new mass fl ow equatlon is used for the two flow

condgtsn g indused phasens idenbiraldBreach aeagits A feswh themduced
onas2058S ol dohSu’ 02 SRUGO I RRen L BRI ANE ol AU ABRYT s v
a factbotrhcélbtaiwtm@ adesul. Z'h@aefam;i aXlifgie[time deldytcan badset 2}) the
prior % gggrqe&rq?rgl é_[?rggle@é‘ é{g?r(le aC{‘or it%r{a? flglA/Or\ﬁve{Teert er. @

In confrast, in the invention the first and second flow streams are
independent. As a consequence, phase induced by the two flows may differ
between the two flow conduits. Therefore, a mass flow rate equation based on a
single time delay cannot be employed.

Flow in the three pickoff sensor flow meter 200 induces phase in both flow
conduits 210a and 210b, even though flow may only exist in one of the flow
conduits. The two induced phases may differ. As a result, two time delay
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two flow conduits and a phase difference is cal cul ated
bet ween inlet side pickoffs and outlet side pickoffs
wotooshesseet er. This phase difference i s converP€dUsIW@029735
a single time delay (Dt) and is used to determ ne a
unt

meas SRR Gy PIgURHES ERTAEROR oM SRR A SHItP(heSATE oW, The
flow rhéasurenidhit Saf Bédfor @Re ¢t thbTbWR . NOAS WILRRITbN @ thisme

delay (Dt) can be used to neasure flow. The tinme del ay
measumentsegne cad b@wnastfatﬁé vt the fallowisgequatigns: The

P%L‘?éﬁl%l T ARG TG e B e Mond tirate > m) ()

I t
o e (e A P R RS AR A AR PR b)) (@)
wherd® &I%@ulﬁsc??ﬂﬁ%féré WvtHER TR fidRonHOR 21ER_SAN thHe éﬁt@cnbf‘Z refers
| ow conduits of the invention, the f

I o
to the m@sﬂ% ﬁ@nqbtwtag ¢0b.n ThetsecPnd igiend rruaw&tlonﬁw@ aqné B (fee., for
the ® ghg‘?@h % fblse%dﬂp{eg fé'?qwrea %eqfo thg(?a{:tvma{ thW through

e tra OW Tet er, because

one fmnmb@ :ﬁamm@ﬁeseﬁﬂntmmebmlde fE@mﬂmm@) fafﬂd (Gmean be used
hase 1s identical in each cond

in ther r@@tﬁrtele@tm%ag SRAYRHBBIRGBGSH 6&0%%%% la%thaﬂqyﬁ gemduits
210a%infdff'f(ﬁf‘ce bet ween the two conduits and is not a
factor 1n calculating a result. Therefore, a single
t iHBreit@ftaY, f@ﬁﬂnb&isl@)edalluéstdﬂﬂﬂ@fdrm(@F’l) ihe supdescripy A
determine a flowrate in a traditional flow neter. In
denotasnwhigb tflowi eortduit is mmducmg floms. 11 flow isalpeing eooddctadativrough
streans are inhdependent . a consequence, phase
the SpeRAFL BRI GPNEHE Zﬂﬁa Peivibe tEe deloy S il Of e fom (A2).
fl.ow.condui.t efore w_rat |on
The gy BEB0R Uehbre haTld oa%wﬁt&l”?ésva%@?saa' epasle g,
t (o
receN{)ﬁtjasrgf‘hI nﬁlg%?L&Fl ﬁ'%f \faléég 2n ié bpwimet 210&%&!3@%@%}? the

ow cond 210a an even though

secoid ﬂmwrmmdgnlvvheﬂéirsmelfmv@rsethﬁtfugmﬁefﬂr@wm&dudm21tﬁae
two i nduced phases may differ. As a result, two tine

AlterMIvmualeﬁduﬁtté) srtbertisp delay measnred dor theditstiowl wonduit
neasure flow. The fl ow nmeasurenent can

order be
21oaf"3?er6Weth8rﬂ°(V‘(/\k§ through thersecond flovy endiAit 2108, hAsSUPeVSC”P’f of

zero agﬁﬁ’%%eanni‘é@Qa@c&?@éo%a%?§g@éh§%%@ (ezglt X‘d%ﬂ f a time delay
mea ea:_ mgg*%st*ﬂoﬁ%éhdu“fz% ga Qﬁh%rélh tPe first ﬂo&?grdhdm Vitshted by

At 22 Tc 2xTnR)
the cm(rmmmve«tmwr)dqna Zero)(d’mc)-ﬂ(m)cmtiém the subscript 1

ers to the f st f 2 and, t he
C Hlsishvesea Stimipk e of SRR dnhadd 05 Bhak Eeg fop,
determtifing 266 REw StdBrh RhaFBEENRS. Euatibhs (B) arhd (3 do hef take
advantage of any symmetry. One possible form of symmetry is in the time delay. If .
the time delay is symmetric, i.e., if:

At = At (4a)
11 1

A, = At, (4b)

AL, = AL (4c)
21 1 ‘

At,, = At (4d)
22 2

then equations (2) and (3) become:
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the "2" of the FCF12 term for exanple) is required
due to the fact that flow through one flow tube

w0 pabsoes4n phase in the other tube. Equations ¥Qh/uUs2ede/029735
(3) can be used in the neter electronics 20 for

determ.ni ng mass_fl ow rates thfI conduits 210a
i 26 rév«nmle%cmgmn%@ é{sayﬁéimg—&'fczwz (5)

f t h.fl
Bt Cr b GO (g T8t B T H Y o DB e cdets Eriek
h
t*Fﬁ?@gﬁﬁie@%ﬁﬂEfef"‘aﬁ?f"’ﬂaﬁf*@?ﬁ%%ﬁ%%\?%w@ Thie J0 ST thg
tempatatwe ef thd éirst flow comadditi21 Oahand they T derino rsaﬂhertesmansmre of
e kSR8 . G I it FhS1 by tFe Sabhe o
conduffﬂ?r @ And e Thvers id ﬂfeoﬂé%bérbﬁlré lof ﬂ‘ie sbmEAsWYiuld. The

Oa. Alternatively, the value ( 1 2 ) is the tinme

(AtZ1)dl@I|le@/lSnfb§siﬂl’@ ﬂowmallbraim valye fordhe dissidlave conduit 2hea end the
otz Y35 B 2t PO e s B0 B 8B o A Do, e

flow cafileragion fabters BCHe,, FGF,, OF CRenahdF GF L idre catibaltion coefficients
sured for the first flow conduit 210a wherein the

nme . /
that arg 3§ierm"aml by favitestsang wi%ae@alesyy efR UgdtniRowstrigam
: o or no-flow condition. However, a
charaé%@tsﬁ@%%%%%é@ equations (2) and (3) can be used for
dAddmnsnaIIy] dghe fiewf dadiwrationefactors @oaltt als0 el sgnmEticat indhis

case, Sgbaffis (6 o Mg B8 DI er S gt o5 Hhe SFTIRAL the 1o
caubrémdvefa%@mag béxapyéxmfatelg -sgmmétﬁ'lcall,/ e= F%%MPQ:Fﬁt Phe
Dt2 (4b) At 2 =S MA{ 227 (4d) “t hen

symn@ctfiyanﬂtbmq@ajlomwop lnﬂeem@thmcallbfaﬂmemce(sat 1 -

TEB8 At o b ireimd THas® S5 igtds Mty 5o phgKeCi bobsibls o
meastifadditiofr&fprécdsd driables Béyord juskiHeltwo mbs¥ flbWLdaté$) For

The T terns represent tenperature measur enents. The
instanpe; iftlae e flowreonduitp @raof) dfesent sress-sestional dawcaieasi the ratio

or ey Ty g Ben B (861, 2y BIBSIE Ao RBerial o
applicatioh lveo g bertte nhexvgucement bf é‘détbwgaml thehimtdriat duefaces f the

erature of the seco ow fluid. The
ﬁ flow condu'it coating V\I;} |n uce an unbalanced mass in the

flow ctonguitts.
system and this unbalanced mass may be detectable through a ratio of amplitudes
of the two resulting flow conduit vibrational responses. These are just two
examples of what may be feasible with a flow meter that measures two
independent flow streams.

FIG. 5 shows the three pickoff sensor flow meter 200 according o an
embodiment of the invention. [n this embodiment, the first flow stream originates
from a first inlet 212a and passes through the first flow conduit 210a. Likewise, the
second flow stream originates from a second inlet 212b and passes through the
second flow conduit 210b. Otherwise, the operation of the flow meter 200 of this
embodiment is the same as the flow meter of FIG. 2.

FIG. 6 shows the three pickoff sensor flow meter 200 in a calibration set-up

300 according to an embodiment of the invention. In this embodiment, where the
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(Dtz-i) value is the zero flow calibration value for
the first flow conduit 210a and the (Dtz2) value is
wo b@sperses f | ow cal i bration val ue for the seconPCT/US#06/029735

conduit 2 1. The flow calibration factors FCFn,

FCF1 FCF21, and F allbratlon oefficients
flow Baf 20PAascR kPR AT 4 120t COF PSS AT BaEe A G ! and
392 ks ednhéctbb aw tsé f@@@cﬁ?@baﬂé@@ﬁa and 2H BRI theOfSt and second

Additionally, the flow calibration factors could al so

flow @@dﬂﬁﬁﬁéﬂﬁlai’ld Z‘rph hilovcthseughethedirsbard syoag doyaponduits 210a
and 2488 Erl15e UL 51 BBl LS8y R idieol Gfier BGEL Mo i)

that aire m conﬁﬁﬁﬂxﬂcﬁ@?ﬁwﬁh tﬁ&&v@yuﬂ@tsrzw 3afartd121 quuat i ons
V\ﬁ_w di. fI uence the cal i bration process, The abl lity
rationRyoradurespha rigr ast e flav, CrgiRlis meter

repre e By o A a0 THERANE a1t AL AL e |
detentrimzeot wmdén zarodovdoonditiensindhe dinfeleepiekaff sensaer- ﬂmtmeduerazoo
anc thL PHEAVAT v Rl B uBh 5 Sl Bl w8, can
be se@RRtdre dguafiols @)darme(s) %d%?éhﬂ 6P Mat gfsﬁmaf é’dﬁﬁte@? (fR&sure

interior surfaces of the flow conduits. Such

(Atz) gbzeiei and trst iah gnaifiow riatkipectube) weid aﬁtwrkﬁﬁ@ ﬁhnee pigkoff

det ect abl e
sensqhifhE Fetdrharhg Y RIBAEHACRSE eBPHuE 0% ecufti ng
f Taw measiremearitd bbtdinshfromebpaatibratioRastanse0 cas betused for
exanpl es of what_ may be feasible with a flow neter

calibrafing thaHuae Mckafisansee fewdaaier 208\acsordingndo the earieps
embodlitA¥Rtst %é%l@%aﬂh@f@ﬁag%‘?ﬁ&?{s %1 W ARl l?é:ig\f\/hs¥%r1l as in

accor d ing to an e € 1 nvention
conjuanﬂ:mdethrﬁlﬁ theHowesedr, bthewcatibetion declyriqaee ard comemplated

E_‘ | et 21261f nd, passes thro hthefirst flow
and age, i s SDe o (0B Hesc DGRBSt | 'ow st 1 eam
O‘ThG'fﬁ‘ﬁt@%lﬁh@@‘n%té?ggﬂ%édgu?és Wﬁsﬂﬂ&mmﬂb\k}f@%%ugh

the second flow conduit 210b. O herw se, the operation
the first floweconidow 2fpeand2génarhtasha (;mge)nhneasumnnemtsvajlhm $hewecond
as the flow nmeter of FIG 2. FIG 6 shows the three
refergsicenpeter SSsmeasyiew the seeond foystigapa fipwing thepughethe gecond

tow GABLRERE g R REL RR RnEARE T B o

, througlg LeEh 2b% cdridiit aﬁd‘ dsSRGRBE reRIsh c?é“ﬁ\%té‘ie 1y %re'ﬁg?’%é fﬁ‘i?ﬁ’ and

are connected to the respect ive outlets a and
indepgndeniodf thedlow thyougin theseiben ol condadn doiaddit@n) athendiow

210b. FlI ow% rgﬁh he first and second fl ow conduits
measyiYRentsFay %% control | ed by downstream val ves

Ofn addigbn 0fe CRBrativRt setip 800 t:amncﬂu&e btefePERtE hicdér 398 that
with the two outlets 213a and 213b
measures a total mass flow rate (72 ) going into the three pickoff sensor flow meter
200. The two inlet embodiment of FIG. 5 may include the reference meters 391
and 392 but not the reference meter 393.
FIG. 7 is a flowchart 700 of a calibration method for a three pickoff sensor
flow meter according to an embodiment of the invention. A basic equation for

calibration comprises:
| | FCE, FCE, |[At -z @
m,| | FCF, FCF, ||At, -z,
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The calibration procedure for a prior art single flow

Coriolis nmeter represented by equation (1) is quite
w@Rphess4The time delay at zero (Dtz) is determr@mEs2006/029735

under zero fI ow conditions in the three pickoff sensor

t bipteR e 5 B8 P semeo! ptidefr S804, Mk dBlsR dhder
test, ééeomeecwaé kerved(@lt. anthis %}e@rud;uﬁ fbwadtthdufts 210atarfd 210b of

simlar strate (measure (Dtz) at zero and test at
the flomengtpoRP afeflged withlew régl n@thamgihkng Bewds perraiited

throug o%ﬂf@v@ﬁ%}%ﬂzo&' We%? @%tsn@1 (SeY‘Q & @q%?ed}g%ra{eao%der

e neasurenents alned rom

the ne-Abimxcridition aed one o3Goredivovbstres®ccHapacteabiidy ats detetrnimed,
three pickoff sensor flow neter 200 according to the
such aaithe ke’ ant ol rtisne delayosiues tor dhe firpt @mﬂecepgrfmvv eeRrRduits, for
{e di scussed bel ow, such as in conjunction with FIG
exampi€. However, other calibration techniques are

cegt 'ﬁf'le%r@?'g tﬁé QoW ik *ibe $rﬁ§s§ﬂ8ﬂ%f8‘ 71 BED) and a zeromg

descri tlon and cl ai ns. Irst reference neter
operatieads bemgt presfdrimest, a’qluehms(?)dwnﬂem ng through the

first Iowcondu 10a, an en rgtes a (W1)
Q ditdt V&lfud] Atrensecgdid| r ¢hrlence neter 392 ()
urq:saj}glhepge:g gtOszo St geam MO wi ng through the
b

second fl 6w conddi't 22 1 an( gene ates a (nR)

MEasteperi the edfefsncENREeRro 8O/ dnte3d2 am térroeugiutea@ Hescribed
fl ow conduit and. associ ated reference net

immegligialy above (bea H8HNG & deichien ﬁpn@lﬁloaheltﬂhswok EP@ euaﬁrsmd that
this sﬁ%‘@én E%@g{féﬂﬂgwt{)efoﬂerbraé’f@r%‘téﬁ‘?o?t her flow

ur e can be obtal ne addi tion, the
c & slepatld floves-gemedded aaly thnoligiu theafirse flowestrel Uit 10z,
flLowr

. 39 h
During i oe DB B8 (e BT 20M 800 tre Sipt veRusndmneldhiadh psasure
first floW e RAIFRNstRE i kife fidt iBY dorluitdel ol qzéreéﬁrﬁﬁléethe flow

meters 391 and 392 but not the reference neter

meteF2@® can irecard fdnowsdteeam-tovnstreanctvineldetay oy Dr&m’rtbd fi'rstrﬂow
a three pickoff sensor flow meter according to an

condigiB0R ruifh thes flaw beingoughniheAiBtEnw coqdutedfar oihe flow
metef gbcgsufes, & HifH ASEYaTder el reci tw Gpedit 2108 EkRg the
flow thiSUTBEM ey bonduit 2108 bUFWhER: HRET hehw S e

secord flewaoaddit @1 0bf |1k bddftloﬂv\f[hﬁﬂiret ref@fenaeanéidr|3ed metabures the
flow materi al aIthou%g no flowis permtted {hroug

masstfiow ratgpf tha Bewarwughribeirghilovoreniyit2 W 4 eanid ggme@tes the
REFPJa‘Fué’}'. br at ed under

For step 703, where flow is generated in the first flow conduit 210a, then
equation (7) becomes:

m,| | FCF, FCF, ||Ati-z,[ | 0

In step 704, flow is generated through the second flow conduit 210b. During
the flow, both the three pickoff sensor flow meter 200 and the second reference

meter 392 measure second flow stream characteristics in the second flow conduit

210b. For example, the flow meter 200 measures a time delay (Ar;) for the second
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the no-flow condition and one or nore fl ow stream

characteristics are deterni ned, such as the Atl and
waeL@sH1Ises del ay val ues for the first and seconPCT/USA06/029735

conduits, for exanple. For step 701 , where the flow

RN AT
flow rhé¥@r Qﬁg?ﬁé’é&ﬁegﬁttﬁﬁ dégaé/oeﬂe}g)( ﬁ?ghélﬁﬁst ?I%(I\P@&cﬁ}l‘tt?l G%asdurmg

escribed 1 mediately using a zero fl

the ﬂcWIthU Ribe sétoridhflol &obduli2depBur achdrb alherehis &osﬂcﬁ@tmaugh
orned before or after step 701 . In stegg?OS

the firgf W icangiak 21 Ge e n BAATION I RATOrRrofeTPaEe MR S8AdsasUres
the mf%%g "ﬁowq‘é ¢ BEmENW PQWU%ISTrﬁé‘sé&%dC *I?\%O’rcgﬁﬁﬁ[t 2488 (pgd it he

er ence neter neasure Ow St'ream
generalies ’dmat @EF@ valoe).i Altematrfveiysforfthewaﬁbmﬂiohtsemm) 800Bbown in

| e, fl
FIG. & $BPelios et adie Sha aaisa ot oA theough the sacnd
flow daha@lwzﬁ 0B 1Gherafotd drwatﬁé SiNgReIRerehbBE PhaBr BbS id récfiireng in the

| ow conduit 210a. The fl ow meter 200 nmeasures a
calubrabmraye(up SOQ‘ or the second flow conduit 210b during the

f h fl

¢ BB staBLAHE Wi ol Suastner e B a0 Rt efr i Pl ant R Z gp, then
equatﬁéh gx;(bgcbﬁfes the first reference neter 391 neasures

the mass flow rate of the flow through the first flow

cjmq}n R1Ra (ACR, || Atf —%Eeg{;%%sét he REFi val ue). (210)

_ he f fl

C nd it 2 éerﬁ%ﬁ \ﬂé’thtg n elccr)]rrfsse Tlnrit FCF? 1

Zﬁg%t%p 70‘5 khe ﬂ&é s%%ﬂ%g cHaraciistic: mgé:ﬁ?re%e%@{ggka%eo?above

I'n Ste W 1S generated throu
are irtseded dntblao(s Xdr) ahodtrix Z8&d eqﬂa’nmm(ﬂ 3)theldwpvA rb@tnb( invarsion is

hr ee |ckoff n ter. 2
soiveft 5 Bt 1§ CRapeRS 308 Ppu b BRCELBRPTF F ot ot T ot FCron and
FCF.¢hThasé ﬁbWSctalnsﬁatbﬁ fhbRrs aronsed foruubeBaguéht kP BreiRr
exanple, the flow neter 200 neasures a tinme delay (At2
charaptefrtaﬂcmmmﬁ%w insidibe mermaboperalipnal defermingliope o gass
fl ow conduit 210b. The fl ow neter
flow ré%%ggﬁﬁ%&’gﬁy’i érj&g delay (At2 ) for the first flow
cahdre re2dda 4dequationshmd 4 ankihdwiesigMhehkeosec@ed rhéasured)
conduit 210b but V\,here there is no flow ! hr ough t he

quantitiessaref Rokv, Finfci 4¢, 24Ga. Aff n Asddiei, and Atie K sbowld be recalled

reference neter 392 neasures
that, per the zeroing step:

z, = At) (11a)

= At (11b)
The unknown quantities are the flow calibration factors FCF14, FCFq3, FCF3q,
and FCF2,. These FCFs are the values that are to be determined in the calibration
process.

This can then be assembled into a 4X4 matrix equation:

At -z, A1 -z, 0 0 FCF, REF,

0 0 At -z, Aty -z, |[FCR,| ] O (12)
A -z, A -z, 0o . 0 FCF,, 0

0 0 At} —z, A} -z, ||FCF,| |REF,

Then solved with a 4X4 matrix inverse:
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the mass flow rate of the flow through the second fl ow

conduit 210b (i.e., it generates the REF2 val ue).
w@\doenomnEes vel y, for the calibration setup 800 BEDWA20061029735

FIG 8, the valves 394a and 394b can be used to direct

fl ow through the second fl ow conduit g%Ob Ther ef or e,

o FCR Ne sidgle refergnce aeter 393 is r{&dif ted in the

I tipn getup 8Q0. FRn stepy£04 reyflowis
Ft‘it' 8 8 {} AL ?

ner at in the second T1'ow condw 2 P1@b, then (13)
ngm n (&) becoes:z\ (10) In sfep 705, @ he flow

Fegm charagteri stpc rregﬁurgarregps_gb ai|ipgg above are
|nserf d rnto a (4 X 4) mat ri'x (see quatlon (13)

bEI®V shéwset ddlibrativresetiipB00sacookding th mnasrilssdirent of the
lnvenq%@:erate the flow calibration factors FCFn, FCF12

2The cafipratiopsetuprg@q @ammwegrﬁmram heongdaires 394a and
394b gg%ﬁﬁg@%%@ﬂ&@ﬁbﬁ 894 SThedm A o| St SA&s 394a and

ations, 1nc I'ng normal operati ona
394b den dergamditalled 4o cbndects finsbﬂoweatle:and da“nsugbr the fisst dsimt gonduit

2108 34 GRURE & oo Qe S At Lo DU sPedTRaRoy CoRgin2 0B, or to
condubt a%o?nbmbéi fow stfdain ’thlto:!:l B botl@ﬂ@mﬁéc?ndwtbtm%'&oéﬂdjz?@o

recal l ed that, per the zer0|n te Z1 =
1£§\ezefeﬁeme me(telr&&i?)lsm@wmlmatﬂd rﬂ’lEtﬂhF@@ mcleo s@wsor flow

metere @ ARL - BheL3a Robyishh, dpieted pe Tty HE dashed

lines, ded esfateti metdrim3cahirabe OQIvEéW&SandTB%b)C@h bél Rﬁ:ated
be assenbled into a 4X4 matri x equation: Atl

upsfr%m@fihqﬂszwan@teﬂféﬁon REFOOA 1- 271 At 2 - zz FCF 2
Ott shouid be understood that for calibration setup 800, the values REF, and

REF; are generated by the reference meter 393 at different times. For example,
during a calibration process, the first flow stream through the first flow conduit 210a
is generated by opening the first valve 394a and closing the second valve 394b.
The reference measurement subsequently generated by the reference meter 393 is
the REF¢ value. Then, the first valve 394a is closed and the second valve 394b is
opened in order to create the second flow through the second flow conduit 210b.
The reference measurement subsequently generated by the reference meter 393 is
the REF; value.

- Unlike the prior art, the three pickoff sensor flow meter can share one
upstream or downstream pickoff sensor. Unlike the prior art, the pickoff sensors of
the three pickoff sensor flow meter require only four wires. As a result, the three
pickoff sensor flow meter can employ a common nine wire cabling currently used by
conventional flow meters. This enables the use of the conventional flow meter
wiring techniques, wiring feedthrough, electrical connections, and electrical
housing. The use of three pickoff sensors instead of four pickoff sensors therefore
saves wiring, space, hardware, and assembly time.

In the invention, the flow stream characteristic measurements are

substantially simultaneously obtained for two independent flow streams. Unlike the

prior art, a common driver vibrates two flow conduits that are conducting two
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(12) At 2 -- Z1 At2 -z 200" FCF2 000 At,2 - 21
At 2 - Z2 FCF 22 REF 2 Then solved with a 4X4 matri x

w0 pw8i0s3BHF G 8 shows a calibration setup 800 arCDUS00§029735
to an enmbodi nent of the invention. The calibration

indep3SHRLIGH STERTS U Iiedhe REior AEk £1€ SOW SURRDS st fod A
differ&etaRv ratab v emliik84Re pROr 3Pl BRca®Btdapl hak (ﬂlﬁerent
conduct_ a first flow streamthrough the first flow

dens@@ﬁd Mrlhkg ifm%pnpbaﬁomd@wv gorM SRR Nave §ﬁf|e@amqr¢ﬁ%s@qtlonal
areas | GoRECHEbridr M, 00 M ey Sandhale o0 ElimheiRg s etk

onedﬁherreference meter 393 is shown Iocated after the
|ckof& sensor. flow nmeter . O and aftgr t he

alageeysly, gosinihe figydpeier wi ?H%‘O(ﬁf gye fo thejsharing of
4
T S
metemwdlspenshmgusysatm) oa@bese@med hint additior,z8 chmmarodriver and a

u he ,val ues REF1 and.REF2 are, geperated.b
sharelfu8fef SrasirdSrlibe Poses cansifpyat AR Srns te-diizauch o a
smgle,emlee,elébirdm?@w@aéome.tI on process, the first flow

strean1through he first flow conduit 210a is
generated by opening the first valve 394a and cl osing
t he second val ve 394b. The reference neasurenent
subsequent|ly generated by the reference neter 393 is
the REFi value. Then, the first valve 394a is cl osed
and the second valve 394b is opened in order to create
the second fl ow through the second fl ow conduit 210b.
The reference neasurenent subsequently generated by
the reference neter 393 is the REF2 value. Unlike the
prior art, the three pickoff sensor flow neter can
share one upstream or downstream pi ckoff sensor

Unli ke the prior art, the pickoff sensors of the three
pi ckof f sensor flow neter require only four wires. As
a result, the three pickoff sensor flow neter can
enpl oy a common nine wire cabling currently used by
conventional flow neters. This enables the use of the
conventional flow neter wring techni ques, wring

f eedt hrough, electrical connections, and electrica
housi ng. The use of three pickoff sensors instead of
four pickoff sensors therefore saves wring, space,
har dware, and assenbly tinme. In the invention, the

fl ow stream characteristic nmeasurenents are
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substantial ly simultaneously obtained for two
i ndependent flow streans. Unlike the prior art, a
W@ oovsomBsds | ver vi brates two fl ow conduits thatP@r/ES2006/029735

conducti ng twoi ndependent flow streans. Unlike the

CLAII9I§t0r art, the flow streams can flow at different flow
UnI i ke the prior art, the flow streans can have

Whatds Elaghedis:densities. Unlike the prior art, the flow

conduits can have differing cross-sectional areas.

1, UA thie blBﬁ?ﬂPEé%oﬁHw nﬁeﬁ?r g éﬁﬁﬁﬁs'ﬁgn share

drivers I mnating at one driv
AdViasttfrye corsdyit (240s) coﬁdtuktmga ﬁvstriiet/vesstraaiml be | ower

o eegPnd BPwi i i TopE R ERcPandr ahpriEttdow Sream:

MRt@MMeh driseesic) sa;oﬁﬁgwamowa@tﬂee%@ﬁ&m dd’hdu.t (210a) and
addition, a conmon driver and a shared pickoff sensor

r educethsosgaonedies epbdgh(2Mp) el e the utilization of

Lngl I I
4R i VLB (A oA Rl igBR e A B LD
(200) , sscomr iimerdslayvaiues (Af) and ¢and fortthé Fitsteow conduit
a first flows second fl ow conduit

d
O e Wy Bnlahe esmBn AOM CHOUHZTBPL ot 11 ow Stroam

a common driver (216) configured to vibrate the first
fl ow conduit (210a) and the second fl ow conduit
2. (IIDGIID)W metert(B06pohelakofif witbribe fisstflo¥8cortdifin(2 12apbhd the

d ovi de fi r t and second ti del ay
secorifloEep et (51 dH) Promtasinar Bom oy it (o Zlondur ¢ (21
OGa) and the second flow conduit (21 Ob). 2. The flow
nmeter (200) of claiml1l, with the first flow conduit

3. (Zhedlpvametar{@0gkebelain lowitbdhedirst flon sirgarorarigiimatingrfeom a

fst b2 25 STy e b8 Mo Mo Bl hih el

(212d)i rst inlet (212a) and with the second flow stream
originating froma second inlet (212b). 4. The flow
meter (200) of claiml, with the flow neter (200)

I ,
o COMBAeN e BO0) 8 UBih oS o e RSP B Ghe o
Coriolis flolvmagteng densitoneter. 6. The flow neter (200) of

claim1, further conprising neter electronics (20),
with the three pickoff sensors (218, 219a, 219b) being

5.  CoHRlBW MetdrlRodFsEEiaim 1, with the flow meter (200) comprising a
vibrating densitometer.

6. The flow meter (200) of claim 1, further comprising meter electronics (20),
with the three pickoff sensors (218, 219a, 219b) being coupled to the meter
electronics (20) by four or more wires (100).

7. The flow meter (200) of claim 1, with the three pickoff sensors (218, 2192,
219b) comprising:
a shared pickoff sensor (218) configured to generate a shared vibrational
response from vibration of both the first flow conduit (210a) and the
second flow conduit (210b);
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el ectronics (20) by four or nore wires (100). 7 . The
flow neter (200) of claiml1l, with the three pickoff

WGEewso13s4§ 218, 2 19a, 219b) conprising: a sharedr/us2006/029735
pi ckof f sensor (218) configured to generate a shared

o opap o Al G b
(210b) ; lrﬂjééiernﬁbnt REERRMSE s pdinek Ffdm SMREREN 6t flow

configured to generate a first independent vibrational
responszenﬁum(ﬂma‘)ramd on of the first flow conduit

Cretonedfided BERE PR SRR ol s Rh R Wneldt )
vi br at isaBahd irﬁﬁb@ﬂ&énf vibratlonal pésponse firdn eibsagemef fheosecond
conduit (210b . The flow neter (200) of claim1,

with tHlewen ltp(?&ﬂb}f sensor flow neter (200) being
configured to vibrate the first flow conduit (210a)
conducting the first flow stream and vibrate the

8. sdtenibw hmterc@ud)iof clahOb withvitietihtdeepickoff sensgr fimi nueter

200 aind ananrerds Jinae B ikl condni i) G rapeing b frst
flow %ﬁéé}ntfﬁﬁ Jibf: é the %ét%rloom/{/ cbﬁaﬂi@g@mlﬂemﬁ e Qﬁi‘réﬁr@being

roma share piI Cc sensor and from a
perfurmnéelrimMeruonpmoh d‘rWes(a?hkﬁ)r re(cen@aa flrste/dvav@wd respenie of the

st RS T SO o S 4 B SR g rom o

shar@@ﬁ%kaﬁ%enéépmsbl angirire & MbEivak eﬁ@mqncl(o?ﬂ&nmqm 9a),

froma second i ndependent pickoff sensor 2
receivetaesedane \dbmeitipsal eEpanss Pete sanenddiay P@@qhatf 1&%\{*4@\ the

secoblBiatbRIGELAO: SERRRREFAN e i pRB NG LRk 1o

and feomid s6cart mdepemd@itqﬂwafhwso(rzm Omoahd gietathme a first flow
recei ve measurenent sigpal s; rst flow conduit

streapp chatackayisig o aafirst w&ramnﬁir@%n ang' e sprend) dhyational

resp&?é?éju' t (210b) that is independent of the first flow

stréeam a conmon driver (216) configured to vibrate
the first flow conduit (210a) and the second fl ow

co 1 . and thre Lckoff sensors (218, 219a,
9. A‘)ﬁ)ree&éo%@qw EW@?QQQ{}QPPH}H "e9 20) by four
W'r’ﬁ %r@é@?omé'so(f OTBSnﬁétﬂ‘é’dr’thrééel(/g%aé@frembﬁt sighals;
the firs | ow conduit (21 ? and the
a first flow conduit (210a) conducting a first flow stream;
a second flow conduit (210b) that is independent of the first flow stream;
a common driver (216) configured to vibrate the first flow conduit (210a) and
the second flow conduit (210b); and
three pickoff sensors (218, 219a, 219b) coupled to the meter electronics (20)

by four wires (100).

10.  The flow meter (200) of claim 9, with the first flow conduit (210a) and the
second flow conduit (210b) originating from a common inlet (212).

11.  The flow meter (200) of claim 9, with the first flow conduit (210a) originating
from a first inlet (212a) and with the second flow conduit (210b) originating from a

second inlet (212b).
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second flow conduit (210b) originating froma conmon

inlet (212). 11. The flow neter (200) of claim9, wth
wo b@shiysgs fl ow conduit (210a) originating froPCHUBI006029735

inlet (212a) and with the second flow conduit (21 0Ob)

originating froma second inlet (212b).12. The fl ow

meter (200) of claim9, with the flow nmeter (200)

12. CORAcH Rktér o) ef b@uﬁlgowmrﬂovmeta obb eVMPRERIg a
(200) of cIa|m9 with the flow neter (2 conpri sing

Coricdis fiowt meterg densitometer. 14. The flow rreter (200) of
claim9, further conprising neter electronics (20),
with the three pickoff sensors (218, 219a, 219b) being

13. COme fisw Arbtéo(200pef Brirhig, stithaihe fiwe aiedert (200) dompyising a
val ues _th t) and (Dt 2) for the first flow conduit (21
vibraiing dgRgitameietecond f1 ow conduit (210b). 15. The flow
nmeter (200) of claim9 , with the three pickoff
sensors (218, 219a, 219b) conprising: a shared pickoff
14. sdieoiiow Biete) (2000 bF giairad®, fortigemesrapesiag MBeellectronics (20),

with e R SERES RS 4 TR U e e oS
and s(e%b%)nm@déla&%iamésd@ﬂ nsleA) ok eid figse AsRTcondli®aR 10a) and the

configure enerate a first independent vibrational

seconéﬂpmthNRMdaﬂgbbrat|on of the first flow conduit
(210a); and a second i ndependent pickoff sensor (219b)
configured to generate a second i ndependent

15. ViTHeflow Redter O(Lg&wmela‘mcanvwﬂbﬂféﬁhcée pickbfieenseen@ 18| 210a,
conduit (21 16. The flow neter (200) of claim?9,

219b)\comPrigig hr ee pi ckof f sensor flow neter (200) being’

g%%ﬁﬁ%ﬁ ﬁ)‘i’ci{qﬁf é’%rg[)?gf’ﬁ)%r@tgﬁ%d nfda%)’lé}g ) 'shaf{dl\gﬁ?atlonal
sec?nd rég;m%mse;mrr:@tulmbr(aﬁd)ﬁt@f.bm tr:ezi:lllg;aflawmoa.tium@ﬁgg)ruj:d the
or ne e co ver , receive a firs
\F/)Ierbl‘ at |S@|98T‘ p‘ES-H?E}m 18&2 first flow conduit (210a),
Pkt ) e SR e

i ndepend@epermemkwofram oesgankedyomnitrratior of thsefitsh How
nse ,of the second fl ow conduit

Vi brat i on% ?i@a
(210b), FH( SQEGnd vi brational response being
g@@ée’ﬁr@m&é@@ﬁdaﬂ pilRTRsb Yo K@féb)sdﬁ?ﬁlgUréothS%erﬂﬁdte a

froma second independent pickoff sensor and

det er nisegond independesiwibratignal resranserfram |V£,bratd@npf fhe second
first Vflo%@éﬁ&ﬁ?@'lbﬁfponse and the second vi brational

16.  The flow meter (200) of claim 9, with the three pickoff sensor flow meter
(200) being configured to vibrate the first flow conduit (210a) conducting the first
flow stream and vibrate the second flow conduit (210b), with the vibrating being
performed by the common driver (216), receive a first vibrational response of the
first flow conduit (210a), with the first vibrational response being generated from a
shared pickoff sensor (218) and from a first independent pickoff sensor (219a),
receive a second vibrational response of the second flow conduit (210b), with the
second vibrational response being generated from the shared pickoff sensor (218)
and from a second independent pickoff sensor (219b), and determine a first flow
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response. 17. A three pickoff sensor flow neter (200),
conprising: a first flow conduit (21 Ga) conducting a

wo poosp1Iskdow stream a second fl ow conduit (210BQT/URANG6/029735

i s independent of the first flow stream a conmon

streafliipetefook S TG R alafal FpanEB AaE S cogBly vigationsl

respotear ed pickoff sensor (218) configured to generate a

17.

18.

shared vi brational response fromvibration of both the
first flow conduit (21 Ca) and the second fl ow conduit
(21 Ob); a first independent pickoff sensor (219a)

c dvthireg pelioff segsoreiiaw enatef (20£1), cordppsindent vi br ati onal

f Vi f.the. f t fl dui t
( S0 KR R PRdB S Aot SR SR E s or (21
9E)sé‘c@ﬂﬂ'fﬁ>w €shdu @9 OBF R @l F»@nght@l‘e{ﬁé RPGFow stream
vi br ati onal resioonse romvib ion of the second flo

c 8repmmop ZYBY (2168 configuracoia \ﬂl@neée theotins) flow QﬂrﬁhUIh(Z‘YOa) and

witht 21 Oa) and the second
flow c@ﬁ%%%&idz%’@ ﬁﬁpg% qb()hg froma comon inlet

( alshared ickdfisehko zrr@) Qﬂbnﬁ@@r@)ﬂ tofgetlepate alihar\adt\hbmgnal
first flow conduit )f orltg]lnatln froma firs

i nl et (%PP&‘)SGJW\)@WH’“@%@ Bettolhg firsiolove saaduit (%@ﬁ)@nd the
let (212b). 20. The fl

et or | E300y0 AR ERARR IS ) 1% e 11 ow meter (200

c arnfpsi isdaperadetd pickoffssdrism( marconﬂgmredl‘dmegénermmflm
200) of  cl

Conpt | STHRPERIBTYaraliapabisroons oDt vBstdhal hediishiou,

(200) ebn&lid| Z‘?Ob? ahd/r ther conprising meter

el ectronics : with the shared pickoff sensor

( 21condtiadeén nt pitkpEseasor (119bycontiguredrio (@@resste a

coupl egotad NeRENaR 1B RoBH 18hpas MR y Bt offfpibeond
wires fld@Qondai. (21'0@) flow nmeter (200) of claim17 ,

with the three pickoff sensors (218, 2 19a, 219b)
belng configured to provide first and second tine

c N8 el e P} o ORlin I7, it P S Iul 0yt apg the

secorkhfiol| condoit (21 0l) 2Hinatingciramra d¢gmnvort inldtl{2 12)ir ee

19.

pi ckof f sensor flow neter

The flow meter (200) of claim 17, with the first flow conduit (210a) originating

from a first inlet (212a) and with the second flow conduit (210b) originating from a
second inlet (212b).

20.

The flow meter (200) of claim 17, with the flow meter (200) comprising a

Coriolis flow meter.

21,

The flow meter (200) of claim 17, with the flow meter (200) comprising a

vibrating densitometer.
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(200) being configured to vibrate the first flow

conduit (210a) conducting the first flow stream and
wo@Ba1E43 he second flow conduit (210b), w th PEEUS2006/029735

vibrating being perforned by the conmmon driver (216)

2. cEfRdbn Pelerpoolptidin a7 e wtEr SR MTsMe hhfr sufSlaties o),
with thebRarcgepieksif senésrqam 8)1ehé first ddapetteht pﬁﬁaﬁ%néaﬂgﬂ)ga)

and fromthe first mdependent ickoff sensor
and thegegans indepepdentnighalt semmar (2E3R)0vriag 6pupled t@éb@ﬁaeter
( e second vi brati onal
electrgh‘&@'énsegg'féur c?r]rgﬁ%er\g %m‘drdg'mthe shar ed pi ckof f
sensor (218) and fromthe second i ndependent pickoff

3. ohas devbmeian OB helane 171 b Toe HiBeiRKAN SeisEnE218, 219
219b)tmﬂggegﬂgueédb@%bﬂaelﬂrét ES5Dnd2ime NBAPAILESTAL) and (Aty)

ree |ckof sensor ftlow neter,
for the firghfiogi eonduii (2188) agd the seeand flow conduti21@nduct i ng
a first flow stream and vi brating a second fl ow
conduit, with the vibrating being perfornmed by a

24. cqrna%\nﬂﬁievear(f.zoose@ﬁclwnﬁlg7awﬁthrtﬁé thriekrAtkaneendR Spanseter
of the first flow conduit, with the first vibrational

(200) peinmaeriigised jo yiratedhe dirstflow goreit & 05) srpAvCtSHG first
flow s %gi éﬁg]vﬂar td fh ‘%ﬁ%ﬁ?g@q‘gﬁé%ﬂd @foio) S\ﬁ@in le ¥|F)Fé\jtvﬁ1'gvt5élﬂg

perfomdi by tthe \wotrimbh erisec@ 6) vebeigeizofiat vibestjooas eedpainsg of the
erated fromt i ckof f senso and fro

shared pi.
first BT {24 P O g1 TER OYIbTSBRELRESPRRS RV OR TATA Lfrom the
shareld di ;Léﬁoff LONESH (REBTAAY %ﬁ?ﬂw%r firet fn@eﬁéﬁ&éﬁt‘}ﬁcﬁdﬁ §e%nsor (219a),
rat| ona response and the seco bration
recel\reea sensrd 2thrafitreal regpansenafithe secbnd flofv adnaiuih (250bivtith the
dui t havin ow. ,27.

secord ST rereE Tt beRSH a8 B0 e Ied Bl Brow 219
and foRM Ehe Ee@&@h@bﬁ@ﬁdé\qﬁﬁ@@ﬂﬂsédé@ﬂ(@i 9iaBhd a%terﬁhﬁe a first flow

measur ement method of claim25, with the first flow
streamshiuactedstic from thedsatvibratianabiasponse engdithaseaend vibational
n input. 29. The measurenment nethod of claim 25,
respo&}‘ggﬂot he first flow conduit originating froma first
i nput and with the second fl ow conduit originating

froma second i nput. 30. The neasurenent nethod of
25. cAdnarewementimetheddeca Herep Rickabsrnaar flowhagtarn Aemprising:

?ﬁﬁo?gt‘ﬂ]g{ 5‘?1%’(% Jv@ é&'ﬁ&lﬂ?ﬁoﬁcﬁ;dﬂﬂg SPRAEREN steahd'8nd Vibthting a
oW S

eam a
second ﬂow conduit, with the vibrating being performed by a common

driver;

receiving a first vibrational response of the first flow conduit, with the first
vibrational response being generated from a shared pickoff sensor
and from a first independent pickoff sensor;

receiving a second vibrational response of the second flow conduit, with the
second vibrational response being generated from the shared pickoff
sensof and from a second independent pickoff sensor; and

determining a first flow stream characteristic from the first vibrational

response and the second vibrational response.
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with the nmethod further conprising determning a

second flow stream characteristic fromthe first
waoesatisehal response and the second vi brati onBET/US2006/029735

response. 3 1. The measurenent nethod of claim 25,

ith the deter her, conpr.i Si ng usi t he, . .

F ThereRs e mrethe sb R 2v0 AR et R ditaving
zero fi®gponse in equatl ons O 1 FCFn (At11 -AtzZn ) X(I-

1x Tml) +FCF12 (At12 - AtZ12 ) x (1 -Tc 2 ¢ TnR) and

m=FCF 12 (At 22 - AtZ 22 ) x (1 - c2 x Tn2) + C2 (At

27. 2Tille m@é&répfe)nt%étfnod ?)}? arm%ﬁ Uvnfﬁrtﬂgrstetcgpow g\{g&ﬁlﬁu@

i rst nmass the f ream and
condwctmgcmaelcm%\fvlstbmanate {nm2) of the second flow
stream 32. The neasurenent nethod of claim25, with
the determ ning further conprising using the first

28. ViTRE#héQ Akt Pﬁé‘bﬁ%d%‘ﬁ@la‘irﬁez§ %We"flr@lrﬁ’dw @BAbuit and the

response I n equations 1=

seconq flowcoraibit prigTrRting f(amz commpx(lputrc ZCTnQ) and n2 =
FCF22 ( 2 - AtZ2)c (I-Tc 2cTnmR)+FCF 2 1 (At1- M ) X(!
-TclXTml) in order to deternmine a first nass flow rate

29. (Mhe reéasdrenddnt shethb8\wrf Sidi B, aith theSRSOMSv @BAdUIt bEYinating
rate (n2) of the second flow stream 33. The

from gdisslineuiand withribe serord Bpwicopduit @riginatingdrgypiasserpnd input.
zeroing out the three pickoff sensor flow neter for a
calibration process; zeroing out one or nore reference

30. rrﬂ'hermeassuremmﬂmhetabdmﬁ claiimni2 5, htht theesecondKiniW comadbr

flo
conduc‘ung a second flow stream that is independent of the first flow stream and

with the method further comprising determining a second flow stream characteristic
from the first vibrational response and the second vibrational response.

31.  The measurement method of claim 25, with the determining further
comprising using the first vibrational response and the second vibrational response
in equations

m, = FCF(At;, — Atz,)x (1 =Tc, xTm,)+ FCF,, (At,, — Atz,)x(1-Tc, xTm,) and

i, = FCFy, (Aty, — Atz,, ) x (1—Tc, x Tm,) + FCFy, (At,, — Atz ) x (1—Tc, x Tm,) in order
to determine a first mass flow rate () of the first flow stream and a second mass

flow rate (s, ) of the second flow stream.

32. The measurement method of claim 25, with the determining further
comprising using the first vibrational response and the second vibrational response
in equations i = FCF,, (At; — Atz))x (1 =Tc; xTm,) + FCF,, (At, — Atz,)x (1-Tc, x Tm,)
and i, = FCF,, (A1, ~ Atz,)x (1=Tc, xTm, )+ FCF, (At, — Atz ) x 1—=Tc, xTim;) in
order to determine a first mass flow rate (7, ) of the first flow stream and a second

mass flow rate (7,) of the second flow stream.
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measuring a first flow through the first flow conduit

of the three pickoff sensor flow neter using the three
wee@kois4sensor flow nmeter and using the one OPCTHODS®06/029735

reference nmeters; neasuring a second flow through the

second fl ow co dur f.t i ckof f.sensor flow
33. SEfgMeas el Mamedor HitniZE, BB it o ang

Usérthd b6t theehme ﬁ@k@ff ehesIEMEE nERéelos a cHli¥ration process

determning two flow calibration factors (FCFs) for

t Beroing eet P ROATOre EpieEeNge BiRierstR comsnyjcatian wih the dwee
measur fI ow nmeasurenent. 34. The

rreasur {fsaﬂg?r'afdaﬁ?ﬁ &i m 33, with the deterni ning
cnmasuang@ fitet fowritimioughtthe firstdioiW condiad oftthatthiee pickoff sensor

f act FCFs) f he, t h kof f fl
ot ng. T TagiekuR(ie 5 IhinRod RSl 5P GrRs O BLHIRRSH LT he

33, W EHetolF‘?ncg@tr%féFbﬂ Sh&Brgr i sing determning the
two flow calibration actors (FCFs) for the three

pimslasiifing erssmontl] flow throegh tise aecct flaggantuib ofthe three pickoff
calibration or f

ot er Coh IRV B B LT s B pesier TRl rfRlend using

pi ckoffheseﬂé@rnfdrewef&éﬁée ndéel Adout one or nore
reference meters in conmunication with the three

pretesmining fwe flow ealibiatien farrsdrChg) éprrtheéhrerer Rigkoff sensor
thr OUQHPﬁI thide$ s rlq‘jé{vﬂF&rf@W he%gurte!?r‘?eﬂtrg 2 BLES %I?YVOW

sensor neter cko Sénsor

net er anshsusemgnt.he one or nore reference neters;
nmeasuring a second flow through a second fl ow conduit
of the three pickoff sensor flow neter using the three

34. fﬁ%%éaéﬁ@ﬁ@nt“&%g"o? elaifdnb, Whﬁﬂetde? Yeital ccgﬁ:’lb sin

erence neters determning two f owc t1ro
deterfraning tise (WCHsY datibrathos falstare (PCERDIOr tisettyee pidkoff sastser flow
first flow neasurenent and a second fl ow

mete%%‘@&rﬂg A¥atiofy The calibrati on nethod of claim 36,

th-t he determ ning conprising -get L hing the two
FC%VI 8417 br a@’izonzﬁ act & s (FCIQS) or elmultiple flow
FCrondbi t of | ow met er usii-ng t he eguptijor

FCF,, 0 0 At~z A2 -z, REF,

35. The measurement method of claim 33, with the determining comprising
determining the two flow calibration factors (FCFs) for the three pickoff sensor flow

FCF,, FCE, |[At, -z
FCF, FCE, ||At,~z,|’

meter using the equation {ml }[
36. A calibration method for a three pickoff sensor flow meter, the method
comprising:

zeroing out the three pickoff sensor flow meter;

zeroing out one or more reference meters in communication with the three

pickoff sensor flow meter;,
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38. The calibration nmethod of claim36, with the
determ ning conprising determning the two fl ow

w@ 200801383 on factors (FCFs) for the multiple fPOMUS2006/029735
conduit flow neter using the equation

measuring a first flow through a first flow conduit of the three pickoff sensor
flow meter using the three pickoff sensor flow meter and using the
one or more reference meters;
measuring a second flow through a second flow conduit of the three pickoff
5 sensor flow meter using the three pickoff sensor flow meter and using
the one or more reference meters; and
determining two flow calibration factors (FCFs) for the three pickoff sensor
flow meter using a first flow measurement and a second flow
measurement.
10
37.  The calibration method of claim 36, with the determining comprising
determining the two flow calibration factors (FCFs) for the multiple flow conduit flow
meter using the equation
-1

FCF, Aty -z, A -z, 0 0 REF,
FCF,| | 0 0 At ~z, AL -z, 0
FCE, | |A? -z Af-z, 0 0 0
FCF,, 0 0 A} -z, A -z, REF,

15
38.  The calibration method of claim 36, with the determining comprising
determining the two flow calibration factors (FCFs) for the multiple flow conduit flow

) : m, || FCF,, FCF, ||Atf; -z,
meter using the equation .

m, || FCF,, FCF,, ||At, -2z,
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