METHODS AND METER ELECTRONI CS FOR RAPI DLY DETECTI NG A
NON- UNI FORM TY OF A MATERI AL FLOWN NG THROUGH A

wWEORb@4E FLOAWETER Background of the | nventi oPCT/1S2006/020188
Fi eld of the Invention The present invention rel ates

to meter el ectr s.an
g R e b A e PPl PPkl REEGHY S0 an g o
net er . MRTERSPAt BREATC GHROFE Pr@RienTd tFLP‘ﬁMEEIﬁva to use
Coriolis mass flow neters to neasure mass fl ow and
other information of materials flow ng through a
sed in U S Patent No. 4,491, 025
BaCIQSSue Qﬁ.tﬂglﬂ{'&@ﬁﬁ h, et al. of January 1, 1985 and
1. FRéd oPthednberitton). E. Smith of February 11, 1982. These
flow nmeters have one or nore flow tubes of different
cohh¢ grtﬁsmti igyentiongelates do auater Qi@mrqngcasraendi Bathedy fasaletecting a

' f tu vi bratjon nodes
ﬂow?éhgﬁﬁg' ng, H%)rrﬂgtfgﬁ%ﬁéwgl |tﬁ%’| &5%(;%%?’” %e%erf or si onal ,
2. Stapih@lt ok PR)Hd nodes. In a typical Coriolis mass
fl ow nmeasurenment application, a conduit configuration

i sltexkhowd to nseoheriolis m@$Seﬂ(W’ Isreieris 6o mpaders raassalow and other

M TR A
4 49139251 Wshed TEEY SRA®L boNadr JIRESS 10f198H %namee?zl ak ke the Qmith of

systems are defined in part by the conbi ned mass
Februdmy 11, d282.ubbsseafiaiv tetermdiies diad ominohé flowhtebéd avdiffaizas .

terial ntot e flow neter fro connecte
con lﬁu&éﬁnﬁe i AR QATESTAOMGRAY R ViaFSH A5G PIE e of natural
vibrdi@hehd@ds 1hl§1uhg‘fgg £l fed ]‘S{HERENQ Lﬂ)g{idltngetofrélf}ﬂ\élt Hﬁla?al Qhd coupled

ow t ubes an X|tst to a
mode rinectypitab CotioHs aisks ﬂbw&neaureﬁlcehtlappﬁceaml aeSndmf orce
to the flow tube. The force causes the flow tube to
configyiegtiqngig excijgbin Qe anqre Vikyation 81qdss as a@sﬂtﬁgaltﬂm@rpugh the
condifiegld MR P tne ArkpBIL ReSuRbORE, Sl BILINE PRE 8%

an | I ca ase egl

t hTH@'Gibrziﬁtﬁlaﬂ hivded Uf)the nGREiill filfedaS GRS Bt deARe ERUSEL by the

each point along the flow tube to have a different

comfpined ;aak phtheadge tubes and theemamahwsthm adlavhaubies.oMaterial flows

into g st SiRpAEe piveTihn 28 o Rigtsifonh REflos Heter. The

matehﬁ?fi&h&h 8ir8etbd BrougteMR Ay AR RIRAHRS 2l fe§ﬁ§ #Rtflow meter to
points on the flow tube to produce sinusoidal signals

a pipebpe esmvcttd arethefoutlbesidmt i on of the flow tube at the

di fferent I nt The. phase dif nce between_t he
A d?lrver apIF)Jl(i)es a fsorce to th«gJ B ow tuge Il"ﬁe% orce causes the flow tube to

oscillate. When there is no material flowing through the flow meter, all points along a
flow tube oscillate with an identical phase. As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the inlet side of the
flow tube lags the driver, while the phase on the outlet side leads the driver. Sensors are
placed at different points on the flow tube to produce sinusoidal signals representative of
the motion of the flow tube at the different points. The phase difference between the
two sensor signals is proportional to the mass flow rate of the material flowing through

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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two sensor signals is proportional to the mass flow
rate of the material flow ng through the flow tube or
wo b@e/1sadbes. I n one prior art approach either BCT/US2006/020188
Di screte FourierTransform (DFT) or a Fast Fourier
t .
Tran A et LR R b R (T ke BBERGne he phase
diffederidedretmesn thndemsor isipnatsi dhxelphhsedﬁ@mcemﬂmmbmtmﬁalt faequency
flowtubﬁaass nbly are used_ to obtaln t he mass flow

respppgect the llgdupe assembly arggised i Abtaghthe farss dlnye rate
B

pickwifigdal Geglerttyl yigsh S8t @ihg The fespeher sdiit k@ thearibrational driver
approach, the vibrational response frequency generated

systes). &n pnether prieseat appreash, Bie bratiopakisspanpe dequangyhgenetated by a

ool SRHSATR A S R BB B

whefdih HRS pridr drhBoRhiek@fdteiPRSiorkebp BEEREN of THY SoteH FiGer Althe
technlque works fairly well under quiescent
pickofirsehsdrdreguendser Bhis peiof hisdierhaigiei \aorks fairtyevell yosastgpiescent

con4 ﬁgleﬁj ot }@%?%Wg%ee{te 31? gb[ee uvlgrtnle %Orfrrli ﬁli grﬁgrse the resulting

. p1c %klfag {ﬁ%ﬂhe&fy ik 'i‘&afﬂ'%él? KtaBled Hé}'\?fé@érsth‘éﬁﬁﬁsé Hl%aidrefﬂent of the

i's not unif orm such as I n t\NO-p ase
pr1owhne seffedseviidnahe fimvemiatdriat st uaerm, duchus dn a\md-masmﬂo\ds
re there are air hub Ie in.the liquid fl ow
Wheﬁea‘ihé Oé(fmaifeﬁlai GERPEISes AHaY @n 2o 1Br‘1r6Yheg? thege prerais bahples in
|
the HASIMEACAARIALT I SIH Ut R, BoridPdlt AeriAREY FeBfidhchloan

flucfuate fapilyi Dioihg cohditiahs of fastadelaote Seqleentch erabhiitibay, it is possible
bandw dt h, %l el ding i ncorrect phase and frequenc

for the piske8rgnals tormpye gpisiieithe Sty bandsyidih, yielding: fncorrect phase and
freafRA o et SR AT R 0 S e G SR Gl chine, where

the SORGhdtE108 Fepedtdilly opératddan hItemdangs )én?f:y inli@ fHPEGYitiGARY €lso, if
rapi dly, a denodul ation process will not be able to

the JTKQCEEHQ)D ofthersensy mevasahpidly, askemadathtionagraesss ymllmu be a@le to

oo, B G B AT ALY TFPS Gl He GRG0 P MefLyATTog ot o Heorrec
freqh&ﬁ:?fr Tegioudd bé ﬂﬁ&éi’éﬂ’o@ﬁ %hattlf‘ﬁ@ &t&?ﬁﬁ%&ﬁﬂéﬁﬂén@? 'ié i\ﬁ%grrect or

val Ues of density, volume flow rate, etc., will also
inacberaten theenr sibtecaredtly Warieed mlees cmﬂeasnﬁ,rvolmme florw mte ctm, will also

be conpounded in bsequent fl ow char acteri c
be ipgortse ywaecigate. Nipreoper, fie erorgan etqq@pauga@# i subsequent flow

itized and digitally manipulated in
Cha%k%ﬂ%é%&?ﬂn% S%gf%]s? the notch filter. The notch filter

ac ¢ fesprivtl ayt, shewpickofsipanl cah berdigitiead bed digltatly ehaargylated in
when t he target freguenc i s changi ng, the notch

ordeyitg iraplepppt W@tn%‘éh HBee The notefe ﬁlt@m@xa?sg@ﬂy gingrraw bagd of
frequerpcws. Olci'le%fo}e, rrE‘hen t%E Lcargétlt‘}{equyﬁ]cey 1ds Bging,n te%l?)tcfh %iltter may not

be able to track the target signal for a period of time. Typically, the digital notch filter

implementation takes 1-2-seconds to track to the fluctuating target signal. Due to the
time required by the prior art to determine the frequency, the result is not only that the
frequency and phase determinations contain errors, but also that the error measurement

encompasses a time span that exceeds the time span during which the error and/or two-
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I mpl ementation takes 1-2 seconds to track to the
fluctuating target signal. Due to the tinme required by
WO b@opsi40F art to determ ne the frequency, thePCEESL006/020188
is not only that the frequency and phase
determ nati ons | R.err t t
phas B8 bRk 2R oRIA L' Rttt Bt Lo B Rbeen
filtertilPeensd@ddtichur i ng which the error and/ or twophase flow
actually occur. This is due to the relative s|owness
of Thestspahisshatfthe priet afi fflowmeter panmob pegwraielye Auickhe or

s GBS b s R VTP RO g i o
flow ﬁ?&t&‘idﬁiﬁ‘ ﬁ‘leaﬂ(]?\{&lﬁllé&frf C%%_Eicﬁienﬁ&,etﬁé BRSe dbrnfifati HOSAIkRSEse slow

flow of the flow materi in the flowreter. .

and cEomgeones Bt the, pridrerpdeabies dat phase différence wsing thevdeterminedy

) error one, as the prior .art deriyes .the phase

piclqlf reghaiige THETe AEY BEPINEh AP PR Hb b pounded

in thd Eﬁés%fd%{éf:%aﬁ%ne Tlreddlt %hﬁcrfeﬁs%ﬂté?fb? Yn BR ﬁéc{ﬂeﬁ d8Rrhfation
conpounded I n the phase determ nation. The result is

and innh¢ phse dermatation, tehdinbrie quenasgd daboe imiletatrhimmngihe mass flow
the phase deterni nation, ading to increased, errq

| [ .
rate. daaOifion, heFaureisdieterniagd fequenty valugds pehio drtcraea density
valud (fn5} KRR EANGIR N Y UFer FodlRift bt e CTLRE: i the

freqevey delegeiigtioy istpaated br campetndad ihnhé densityelgteemiyation. This

~ determnation is repeated or conpounded in the density
is alsgetrag for aatetesminationofivelume Hopiaks, mdierathgatodime Ao ke Is equal

of volu fl. rate. .where the volune flowrate is
tom@qﬁ,ﬁquggﬂag%ﬁl%%l}sgge di vi ded by density. In many
1 BinaRpHb A0t orlst it'i§%)@é§,i9c§ié B Bavieuridav@ies BAFEINEE & the flow

entrained in‘the flow material. A multi-phase flow
materippi Aahilyi-phese Goestypidatly phadudestronitiplemiaterials ingviflowhdhe

L P Bt 8L o, S S0, SO s o
portiggg gﬁéf’l a%%)na'li@s)tiﬁghé oW rﬁﬁt’eﬁﬁl. ak would %Hﬂ\?ﬁr?&eous if desirable

ageous I'f desirable and/or undesirabl e anonalies
and/coudtsbabld eh@atkies cnudld e detected edd iquantifted indhe Wmvemiatedrial.
omal y detection could rrakeﬁt(%os_si ble the effectjve

An
Anomahpdesectinn qonld make passtle g pilestyrapmexal gr REgYRNGionof such
i bl i . . | i . |
anorf I8 o Bl AR PRt E4 Bbsila BIANAGanE], 20O vV, ban

f1 o dFehRly édn cdpiaigel ©8 babbledior attBubbks ehtrainat éi tier flow
natural gas bubbles in an oil well out An anoma

: ) ut. A mal
materiah Examples aregaif brlkblghin Wajigr 6 nafurah gas B‘élvblﬁsatne%n Qifl ol output.

For exanpl e, water can.exists. | [ | gl L
An qudme R B nonk SruiBf SRl bk B SR, o el water can
exists iR MUY indn oiFREL SXBR! An ddoendly e BEthBFised slédin the flow

I nclude pieces of netal that have broken or
material. For example, the flow material can include pieces of metal that have broken or
flaked off from pipes, pumps, valves, etc., in a fluid processing facility. It should be
understood that anomalies in the flow material can include combinations of the gas,
liquid, and solid anomalies discussed above.

The anomalies can cause erroneous mass flow rates in a flow meter, among other

things. It is highly desirable that a flow meter accuratelylmeasure a mass flow rate of

the flow liquid even in the presence of anomalies in the flow liquid.
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fl aked of f from pi pes, punps, valves, etc., in a fluid
processing facility. It should be understood that

w@nmeabi4ses in the flow material can include  PCT/US2006/020188
conmbi nations of the gas, liquid, and solid anonalies

di scussed above. The anonal i es can cause erroneous
Summpgy oitheMoRdiads i n a fl ow meter, anong ot her things.

I Hhd SodlcHoRe Srbabhe aI*eh%lvﬁ gﬁd))ﬂh AR Rice ¢ tharaat i8laghieved

neasure a nass ﬁrowrateo flow liquid even in )
throughhtBe %[’@ﬁﬁbﬁ of afetarbevtionis and méthody fowdetegting 2 Slowngrgmaly in
of the Solution The above and other problens are
a flowgppiggigl.and an advance in the art is achieved through
t r oVl Si ; [ 4S; ewin
R e R R T vl
througqi £abkonkes isfpovided ecdordimgao fahemtzddmentyofithe invenBon. The
material flowng through a flow neter, is

A ovi ded the 1l
meter abestiogiasgompriaes Enieafaredpr B # m}%ﬁ??ﬁ respse kg flow
el ectraoni cs _conprise i nt.er f Vi
mater{3. 55 b 5P SER RS i of Ry Lfirst FEROY RAnd o
secont s isRRR], 2h@ 8RPOGSsihE Gl steing canmeisstian With she intarfage. The

signal and'a second sensor signal, and a prqcessin
processing eystém i configureskioi roeeivie the YiheationakieppRIse %‘ﬂﬁ%a‘e iterface

and obd5Fia WREY FEsaaNew THO NG ferEeE sl R asperete atteast

one ﬂ%wajia)fa&&gsrtﬁ%smélaﬁ GeamPiel fifst Rsbhdighalrasil tsentety diggesphase
and generate at 1east one flow characteristic using

at
shift. |’ﬁk@é§prot:2&sfiﬂg systhens'fsrfaﬁhelsctcglf@urgh@ qomepae et lepshpaeflow
ift. T [ i.s .f her .. .
I S e T —
the atq? aﬁr% I%%l% ?llron'wc‘ %tka?a&&%s@i‘é fbﬁ?gfﬁthﬁf‘ﬁle%@%!ly’ piIRé,idnd indietech

e vibration response it the at | east
anom@Recdrldnoripd astieof de detéaings Wi t hin the anomal y
profile, and indicate an anomaly conditi onﬂ?)s .a {hefsulﬁ flow
ofA nieshetbfos detesng a flowt sramalyin gdlovk matgyial fopdgp through a
anomaly, iLn a flow i L0 h i
e SRR bl TSPl QSR UL T B compris
receibﬁé%ib%fonﬂh@sﬁ&%@ Ot O 8 @sctere CRievvibrptimnal response includes
Vi

rational response fromthe flow neter. The .
at leagt bfinstisensuir sigps sqeqad gerser gignpb ke glethlasftmggrn%?pmses
si gnal .and second se [ S The . least
conc B B SHRE SESRIe 2 0L e AT e o
one 111{‘\9 cflbx:e]léferﬁﬁ@ﬁﬁﬁ% St Bh)! the gkt 38R didnalald theadisdty degree phase
ow characteristic using at least the first sensor .
shift.s Theahethod filrtter nomptisesdogreingithe et ksastiane fiye chasagsgstic to at
further conprises conparjng. the at J.east on
st e oTSI BRLS, (8 HU0F BAENT B BC ARG FAPRFolf T atleast one
deteeld L in! ' ' i @ dnbnialye condition
flow gﬁafag aesr{égg %e(lelfs%iftﬁm the LSNPt BRd idBeRRS e
as a result of the detecting.

A method for detecting a flow anomaly in a flow material flowing through a flow
meter is provided according to an embodiment of the invention. The method comprises
receiving a vibrational response from the flow meter. The vibrational response inclpdes
at least a first sensor signal and a second sensor signal. The method further comprises

generating a ninety degree phase shift from the first sensor signal and generating at least

one flow characteristic using at least the first sensor signal and the ninety degree phase
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flow characteristic falls within the anomaly profile,

and indicating an anonmaly condition as a result of the
waledeasisnyy. A nmet hod for detecting a fl ow anonBUSI006020188

flow material flowing through a flow neter is provided

._according_.to an enbodi nent of the inventien,. "
shift. Feroeined furae sonener oongse b Al fy shRBgeristg o at
least 4 gé;ssa{rﬂog%ﬁfcﬁﬂe, dhE et @b ft Ao ViBRHBASsIG ek putlse daBe at least one

st sensor Signal and a second sensor

flow cagradristitHellswithodthegas heomelympofike endineeementing abubble count

ni nety degree phase shift fromthe first sensor signal
as a eyl fgiesting-at | east one flow characteristic using

t l.eas . first sensor signal and the ninety degree

ASpefa)fﬁé’gg@%ilP{eml?&e nmet hod further conprises conparing the

afln be@adpeonsf the aneteheieetedries, id intartacatindledssta diggsr

anomal y profile, detectjng a shift in the vibrational
configureptmdigitize thpeengor sigadk one 1 ow characteristic falls

\gla% Ié{'lcgthtgrg%ﬁ aS,AAN9 MRk REL inicﬁéthggitiioééysﬂﬁi e fGrther

Wt as a result o ecting. "Aspects of
conﬁ%ﬁ}‘éd ko ueRkiveR petfRRethasaRdingfcenbeiting! esmprand, dotetisg, and
he interfacé includes a digitizer configured to
indicdlirgg.t i ze the sensor signal. |In another aspect of the

M e S R T N GRS

Coridl&NRvtdepd, conparing, detecting, and indicating. In
yet anot her aspect of the neter electronics, the flow
nmdheet amother aspectafToe instar slecironicazthe Flow mejRECORMEBAT?

_aspect .of the nmeter electronics, the flow neter
vibragiggdensdtognedetyi br ati ng densitometer. In yet another

aﬁﬁﬁ%{ ?ﬁgthéﬁ% pEt BthehRed R tbRics ! he afleakCasd flOR @hhrdabteristic
characteristi 8

conprises a frequency response. In yet
compHet héfeqasmeciespdnsthe neter el ectronics, the at |east

one flow characteristic conprises a phase difference . .
r d@p@ﬁg@thwp@ﬁ@féhﬁn}eﬁé e&ﬁcg@ggcgi r%ﬁ at {rastons O\FI&E?Iﬁgli,erlSth

fi d,. .di
compiiong WG e RegPay’ SnddaREiie oS SRRATATIther
confislifiaab.codlifitd iR pHRsOadfesans eespohgnading the yiattyadvgtdeephase shift,

aspect of the neter electronics, the at |east one flow
the fuitaensrsigret.ianddherpedosd sensoppigsal. di f f er ence response,

anl% }\f,\ett] %rrlgtihgr gsrfa%c o he %nseiteg*%lgéfrsoth?crg {h% Jt Y.dsPEhe flow characteristic

comprises a phase difference response, and wherein the processing system is further
configured to generate a second ninety degree phase shift from the second sensor signal
and compute the phase difference response using the ninety degree phase shift, the
second ninety degree phase shift, the first sensor signal, and the second sensor signal.

In yet another aspect of the meter electronics, the at least one flow characteristic
comprises a sensor signal time delay response.

In yet another aspect of the meter electronics, the at least one flow characteristic
comprises a mass flow rate response.

In yet another aspect of the meter electronics, the at least one flow characteristic

comprises a density response.
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configured to generate a second ninety degree phase
shift fromthe second sensor signal and conpute the
w@b@sa3@ii f erence response using the ninety dePCBES2006/020188
phase shift, the second ninety degree phase shift, the
yer® beSERERE a0 Bt e el DR RED Tne oA RNinR B hizgs Rdicating
a soliéaadonsalg. f| ow characteristic conprises a sensor
signal time delay response. In yet another aspect, of
I ywother asrechat 135 ‘metselseimonias thoweiqfig comprises indicating
I conprises a mass flow rate response. In
afo&ga{ﬁ@ ?ﬁg&ng pect of the neter electronics, the at
| eds vetamottek avpechaf aetrpstes tlecir 6869 lthéﬁﬁh@tlﬂg Rehipyises indicating
response. I n yet another aspect of the neter
agaéa@@maldm cs, the indicating conprises indicating a
' ??t aﬁ']lr(]) ef a phec]t o%%q% ?at@ﬁélre‘%%?{%?f Elieslq%ic&tuggtcgﬁtg)%ges 1nd1cat1ng
anafﬁ&b%ﬂohﬁly_d anomaly. In yet another aspect of the
meter el ectronics, the indicating conprises indicating,
a dayetamothar pspechof/tie aetor blectraisips dhe Bidicatisgreomprises setting an
roni cs...the indicating conprises indicating an

ano%qafiz %%FIB‘EF@‘I&%%I y. In yet another aspect of the neter
rrg todﬂoﬁﬁar abpt bPHeGALEPECRIRES IBS imBldtinBS ﬁg) ise
ano ot he

y alarmcondition. In yet another aspé&ct
incrmnbmnngdtremmmniyceunﬁ he i ndicating conprises

rementin ano Iy count.. I n one aspect of |
e neae ASIREL PR B Qﬁ theme rfél@%cq%rﬂ%ﬁsﬂ%wely performing

the REENEARS, LERPAMPDYARAS! Ald icfBEPl 1 00, |

mefh Qﬂothéh&;péd:t@ﬂtlﬁ@tr&thdﬂo i flew snaerG@mmides afC@volis flow meter.

nmeter. In yet another aspect of the nethod, the flow

metl @Vetoaéwﬁrqrga%ecaomf@rraefﬁﬁ@ the Alov Beter spmpriges/@ibrating
densﬁ) t her aspect of the nethod, the at |east one flow

CERNE eristic further conprises a frequency response.

| N Ty 96t AAdeHNAEpcRE BLEHe REthbAShE®E [Rash ordeFovRthiras@tis@d firther
fl ow charact erl stic further conprises a phase

comghrifésca ﬁn@@npgsmms@ and with the generating the at

! °% tyetoar}l%ther aspect of the method, the at least one flow characteristic further
comprises a phase difference response and with the generating the at least one flow
characteristic further comprising computing the phase difference response using the
ninety degree phase shift, the first sensor signal, and the second sensor signal.

In yet another aspect of the method, the at least one flow characteristic further
comprises a phase differeﬁce response and the generating the at least one flow
characteristic further comprises generating a second ninety degree phase shift from the
second sensor signal and computing the phase difference response using the ninety
degree phase shift, the second ninety degree phase shift, the first sensor signal, and the
second sensor signal.

In yet another aspect of the method, the at least one flow characteristic further

comprises a sensor signal time delay response.
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characteristic further conprising conputing the phase
di fference response using the ninety degree phase
wa biobti304the first sensor signal, and the seconBCHERR06/020188

signal. In yet another aspect of the nmethod, the at
| east one flow characteristic further.conpr]j .
Thaeb aaherapR ol T peas: ettt 050 AP TRER i further

Comprgsgﬁéﬁgé’sg?low&% &Igﬁ(gd\%gt eristic further conprises

'Ng a seco ni nety degree phase shift fromthe
RGN nsthBsMspest afiiad netttbd; trepattieasy onh Bophehseacteristic further
di fference response using the ninety degree phase
comprides prdensiferespebid ni nety degree phase shift, the first

nSfS'n'tac;}d[ indRABAE cSHPRes inifbalAk a solid
;ﬁ’&eﬁ@flo@g]b%&b “o p%g%rtrlzﬁgl%gmt E%ﬁg cléié%gt S)olrﬁle fl o%va SORE
anomdiparacteristic further conprises a sensor signal tine

del ay response. |l n yet another_ aspect of the nethad .

t eyettanpéhes asmnteoﬁti/lémqﬂh% s mdiceting cPEIPrNeY H’gb‘i‘?ﬁflg &egreign
. .,amss flow rate response. In yet another aspect of
liquidiagg ‘hod, the at |east one flow characteristic

TR _Iya%oﬂ{%[r%ﬂe%?é‘f tBe GRAROA, Yhé BENENDE. colnpriset indiatingra gas
aspect of the nethod, the indicating conprises
anomalgdi cating a solids anomaly. |In yet another aspect of

the nethod, the ipdicatjin onpY. i i ndi | D0 A :
B srgmoRihamrenb e et T a4 Aiching an air
the indicating conprises indicating a gas
b“bblgﬁ%?r@g{?’: In yet another aspect of the nmethod, the
i mliyedrionger aspaet bSthegnethdd cthe imdjcatingadomsisss petting an anomaly
anomaly. In yet another aspect of the nethod, the
alarmj geadEi ng conpri ses setting an anomaly al arm

condit i on, |0, &€he HIGhOR6d ARR G dicRind Sitnpied Abreibfiting an

i naPEat ﬁg ERpr ’ses 1 ncrementing an anonal y count .
anomBBS&dunpt i on of the Drawi ngs The same reference nunber

represents the same elenent on all drawings. FIG 1
DescriptioptofdheDrawingsi ol is fl ow neter in an exanple of the

NS SRRy B L  comadags

FIG. 1 illustrates a Coriolis flow meter in an example of the invention;

FIG. 2 shows meter electronics according to an embodiment of the invention.

FIG. 3 is a flowchart of a method of processing a sensor signal in a Coriolis
flowmeter according to an embodiment of the invention.

FIG. 4 shows the meter electronics according to an embodiment of the invention.

FIG. 5 is a flowchart of a method of processing first and second sensor signals in
a Coriolis flowmeter according to an embodiment of the invention.

FIG. 6 is a block diagram of a portion of the processing system according to an
embodiment of the invention.

FIG. 7 shows detail of the Hilbert transform block according to an embodiment
of the invention. |

FIGS. 8 and 9 are block diagrams of two' independent branches of the analysis

block according to an embodiment of the invention.
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FIG 3 is a flowhart of a nethod of processing a

sensor signal in a Coriolis flowreter according to an
weendwodsment of the invention. FIG 4 shows theP@BUS2006/020188

el ectroni cs according to an enbodi nent of the

invention. FIG 5 i | h f .
BUETLAST 0 el 0 B o o gy N80 gl ofa o
meter%ﬁ%ﬁgbﬁnefllcgilﬁ‘%ﬁbgi. according to an enbodi nent of the

i nvention. is a block diagramof a portion of
t REGpr dcstmsisng Kijtsdre mansform dblogk tagcandirgrive dhensinglephase shift
the invention. FIG 7 shows detail of the Hubert

embodB#Es or m bl ock accor di ng to an enbodi nent of the

i i . : .
| RAEo L S el s Hock R SucREte e e e
t @Iamamgﬁs tenenet provessimy efithieany@iten dsCconpagedpiovibe prior art,
spectrumdensity plot of a pick-off sensor signal of a
wherefin ameedisferenerieht) yabue el cach %ﬁo‘i%ﬁlﬂﬁﬁ%‘{- FIG 11 s%ows a

?ﬁiﬁ&[ tlé%@%ﬂh@lﬁé@)ﬁ%&r@ggﬁwﬁﬁn Qo LRGN S élﬁb@diﬁféﬁlﬁfs% the

. i ment. ows tne analysis bloc

inventid@. si ngl e phase shift enbodiment. FIG 13 shows the
sensor processing of the invention as, conpared {10 t he
prHI6: 151s 2 gudpbradianiegueneieresPpRser TS (ipe,) Whsipigdhe ppward

.. each i s conpared. .Fl 14 sho .er. '
spiked 3¢ edFerorey Brothercisnbs g AlpEe il L KRR, such
as airdubbes@ 9raph of a frequency response versus tine,

erein the upward spikes in the frequency flow ..
cHECadbds b griph ofépnedday varsustimes svherein the dawmwigspies in the

. h ir_bubbl es. . Fi i i
time J6log dovy FHERCIARRH IR 1D BON AR O BB O A T2
?ﬁhﬁ elf7|stlM *ﬁ%fqasﬁcg/lf HeStdre 998U HiHRPI0R S&RalleRy GiAGFaRk YN of air

Fow mat'er i FIG 17 shows frequency response
in thoyglosusatetiae for a smaller void fraction of air in the

Lt T £ ko LBl SR PSR o
watel B TIERR o G range o Bo70 1 C Lreaueney

FIG. 19 is a graph of drive frequency versus SG for a SG range 0f 1-7.

FIG. 20 is a flowchart of a method for detecting a flow anomaly in a flow
material flowing through a flow meter according to an embodiment of the invention.
Detailed Description of the Invention

FIGS. 1-20 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. 1 shows a Coriolis flow meter 5 comprising a meter assembly 10 and meter

electronics 20. Meter assembly 10 responds to mass flow rate and density of a process

8
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FIG 20 is a flowhart of a nethod for detecting a

flow anomaly in a flow material flowng through a flow
woredoen3@etor di ng to an enbodi nent of the i nvenP@DNS2006/020188

Det ai | ed Description of the Invention FIGS. 1-20 and

t.he fo] | ow d . pt i [ .9 :
mateigh JHE\eh S aRITF PLde P ERieIgp e b SRR EE obie
provid@endBden R flokkeratd) \WantdRPeraftd idfben SR path 26, as well as
teachi ng i nventive principles, sone conventional

othersigfrentasiohaverdbeent 50 thelpréseatinyentien. t Adéoriotisofbew siet¢r sgcture
N R A R —
coul Eg?ﬁcﬁ&d éseéjvibgaéﬁ Bk HeMdilomARRLBEh R Re hddtiohd18neasurement

ures descri el ow can be conbi ned I n various
capabiiyss ptovidedrby arClotiofib enasaifloatmees of the invention. As

Sl OSSPk b 50, S B e
1 . i t . I 1 i j ' 2
03 G54S5O HELS D G b kg e L o v

mecZRisnMe 8@ tempeitire sedsdr o8 panispdio ofradscity esmsoest ¥/0dnahd 170R.

densi ti/ of a processmaterial. Meter electronics 20 is
Flovcighpeti®and 5&@@@? i@ seseniisllyisirajghy iplehipgs 1gd apg 131" and outlet

Vi ensi.t mass. {. e r -
tegs RAPEpdT 1 SHEH Eom R o B n e RO tEing plogks 120
and 1. FRIvEMBRE 180 ahfe30Tsent thé yantdetival fodabibhohlosg thedmiength
meter structure is described although it is apgarent

and are esfentielly kidallebthiroughout eir length. Bracedrass &40 and4ditsepie to
coul d be_pr jced as.a vibrati t ub ensi tonet er
defing ﬁ&%’ﬁe\_%’r?é‘_géﬁd‘?&t‘?% @1&%@%@&? 088@5%‘?% ity provided
byTRe GRE 151 131MRSP ahli QW4 TEILbf AR 18beABTRAR] Y30 @re fixedly
i ncludes a pair of manifolds 150 and 150', flanges 103

attachaditd 13w thibesmognfihgbyeks &2k and 120'and thase' blockspan urmfare fixedly
arallel flow_tubes 130 and 130', drive nmechanjsm 180,
atacPgRraBpS § SN9BR 1500, T Brey g5 CO PR iopss Belsbaraath
0 h{;‘%,t bes 130 and 130" have two
thro s%%@ggﬁ 5&5??% g 1|H'nl et legs 131 and 131' and
ouWleh flaagss 183tard 803 3Havindhelbs toDurd §62'tapevaomisectdchia inlet
ot her at flow tube nounting bl ocks 12Q and 120'. Flow

end {Qfhand auitet gpd 194 0ntae arecass lingd net shasyn) wch cawies thrrocess

] ir | h iyl | .
ol Ot PR Ra TGP 9340 b RRId oo gricce
101 Ler1giefel 118 ik bendudt&d Wheuth MémilBs1atl Sohb loveadl rhdwewingHdeck 120

oscillates. The side l'quS 131, 131' and 134, 134' of ‘
havihg ewutfadrek2 11 3Within mpadfoldal ¥ thee seaterjalds diddedlandrovtesithrough

o155 TR 10, BB RS e D L
recofdbiredth QWA sBesRWitiiH Ahi IO S5 aRBELHeAlafRRFUted to exit end
104' connected by flange 103' having bolt holes 102' to the process line (not shown).
Flow tubes 130 and 130" are selected and appropriately mounted to the flow tube
mounting blocks 120 and 120' so as to have substantially the same mass distribution,
moments of inertia and Young's modulus about bending axes W--W and W'--W',
respectively. These bending axes go through brace bars 140 and 140'. Inasmuch as the
Young's modulus of the flow tubes change with temperature, and this change affects the

calculation of flow and density, resistive temperature detector (RTD) 190 is mounted to

9



10

15

20

25

30

through Coriolis neter assenbly 10. Wen flanges 103

and 103', having holes 102 and 102' are connected, via
wo pdoeti3@ntl 104 and outlet end 104" into a procRPCEUBI00€020188

(not shown) which carries the process material that is

fowlfbg 30T BRBAReED Sshlies T Ghlis™fey oldng Boly JipHg 18
temﬁeli‘étﬁicbgdi‘f thBflofvotuBe &ﬁ@h&l@cefﬂh@WoltHQ@aﬁ&Hﬂh B6rodd SRR TBFor a

having a surface 121. Wthin mani fold 150 the materi al
givensuttient phssing thpretbraugh is lgoveryhd by dhe tem‘r@satmoo%thd nizgerial

oo R o S ERE 9Pt e B 258 scros e

RTD’Q%"USE@ lifla HRf kn@% Ihéthbti%exﬁgfe? EleE@Hﬁﬁﬁi 2@ Y Q&hgeﬁﬁ% for the
connected by flange”103' having bolt hol 102

chang@ in kekaspe oodsbislof ew tudkes § B@wngi 13¢ d:uw tb ahp shdigEsam flow tube
130 ted and t I
ot B e RO LB 5 R 1,
t ' 1
o b Ja0aRAT AR p T drhieh 180 in DBARAGH Fetiops

abouithetf rafspsqiﬁﬂetbenéllng axe¢h 86 and AVidindagit svtes isgerthéd thedlrst out-of-
br ace bars 140 and 140'. Inasnuch as the Young's

hasedhearing 18eds ofche flow metsss Lokadige mﬁ@hﬁmw 80 Fayr mpfivg any
one éPhl%n %Tl%o@\t ffﬁ"fa{n%[e}rgﬁtsc gltl&uésae{ fn[%g &%r&%?onﬁgg tube 130' and

enS| resistivestenperature d

an oPPoHIAE 60111 afduaiwdtts IRwlbe, 13’0%@&&%@1:1@%&&]& affeRerhaEn b@rrent is
tenperature of the flow tube. The tenperature of t

passpd dov Yibrséing F@@tlhﬂﬁ\yéuberﬁe A @mt%lfgj@ deipp signping apphed by trreéer

\ ent SI n erethrough is
ele°§8’{}1§F 2%“83 atdﬁgs éYea nq lﬁg mat eri al passing
t hivpsiehelbdiforidsoW fedBi®es Eﬁq{TEffﬁﬁﬁéﬁa@ﬁr@ s Faﬁi%ﬂ 195, and the
vol tage appearing across the RTDis used in a wel

left dombrightrred dvgiy shgnaﬂneapmeaﬂhg ohdemisd$5andd 66Brrp®psm\@1y oMeter
tlanqusofro es ;130 and

the c e in W
clectzgioS 1 BYedsichs o Al APPTENE HEN LEn G iy elompaL180 and
tad
vibrifk dibe 1SOUIEHS0! NBreelhrofl 8 20180 estlly Bt ufibfaitivbocity
signa3 andphsRID sgiiat ¢d computeihe mdsh €lorw n’a%an&:bﬂlle\denklejndf ﬁhg material

axes Wand Wand at what is terned the firs L
passig thspughapetehassemBy hoddhsrinfasmatipayplyes @’rlth orhwsm&}rm'flaon» is

applrre‘3 H’leﬁszeﬂe%go %6 QYRf bg‘tﬁ %5 Wil%a H]’[%Q%{% #‘5 Yt known

ngemen Sue noun ube
13@"IG321 ghans Rlefe 2iddgofilts Izorawmamg toQaIf dravoditieat d8Meamnkntion.
t hrough which an alternating current is passed for
Theymdienglpetepniest 20 ¢21declﬂ~1db@§ intarfges 2@berd @pracesyng Arterng03. The
neter e

- mer G TR S SH5T hif BecSB S8t sitmafford B sty apgembiy

10, $atR ats%mfﬁé%(ﬁt}séeﬁﬁ&l sifials.eTHe H¥Por AR 20 processes the first
and second sensor signals in order to obtain flow characteristics of the flow material
flowing throﬁgh the meter assembly 10. For example, the meter electronics 20 can
determine one or more of a phase difference, a frequency, a time difference (At), a
density, a mass flow rate, and a volume flow rate from the sensor signals, for example.
In addition, other flow characteristics can be determined according to the invention.

The determinations are discussed below.
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left and right velocity signals appearing on | eads
165L and 165R, respectively. Meter electronics 20
w@e@dusmEss t he drive signal appearing on | ead 1BGT/U82006/020188
drive elenment 180 and vi brate tubes 130 and 130
MetRg ﬁés%%ff@r‘éh&éd@t@rnﬁhgﬁ&%ﬁ&tﬁehﬁ ciu%ht:y a&gnﬁingﬂﬁn are much
vel oci ty signals and the RTD si gn to conpute t
fastemasé nidreaccuabte aaddelidbée thansutly deferhations #rthalpripaagi g one

emb ! o%gtth%p qts,qf(ﬁffgéggeg%etgggmggéq? p{g@ fd'%ﬁn%aeggy dgclet(?nqgaatlon are

d1re<§ipg:etrgv‘és hﬂgﬁv\g %%‘}eltgééereghl gg ?Péfﬁ?%esseggérj di [1,' &ﬁh&[ﬁqgg n&t for any

frequeemiby défieramice efgnbh eThimuéndnitageouilyacd®des I’th@ﬂ)l%@ésfsﬁfg tiBe 28quired
can include an_interface 201 and a processi qprg ystem

in ordepato cpmpute et igw ehwaeteriicss In@npthes ppbsdimanistha phiase

d1ffe§e§1%8 ng Eérﬁk?ioﬂ‘?lﬁ é)%??ﬁl s}uftg g%éﬁesegﬁremgﬂgz ﬁ@%’lg){he %‘equency is

y 'Sensor “sign

dern&*ldﬁ’ﬁdrﬁ@iﬁﬂ}ﬂén&ﬁld@é ohifiss@sal! Mg inchdasey e 66RAEY SERSRTlow
signals in order to obtain flow characteristics of the

chargqteristient and kath cambe defermined ghuathiaster than 1a§@€emm<l>ryarmo

onh PARE RS tsh el oo el BRI 50s hicall 86 52 Se5Bndio
perfétd. f BY @e@st( Eﬁe)fre@eﬂ@}n%t%ﬁmn%tlﬁﬁ%écérhﬁ?l th @ﬁeemvéﬂt% an be

volune flow rate om t he sensor signal's, for exanple
perfarmedddias |ll<dﬂﬁ a0 heillis¢conds ﬁms)acEmn fasfiec freqwncbeietermmatwn is

L T Lo e e T e
samlﬂinfg,f SIS Re Y8 SHal ?ésh&?%a A QR G ie% qlll]l% r&%&matlton rates, etc. At

det'erm nation are nuc ter an te accura
the 50ehs fbleertcyaktcrmidntidatratenitrahéten 81eb'@oﬂi1h§2© atardagtto the
one enbodi nent, the phase difference determ nati on and

inveRtien ¢anchf ahawy 40 simes fnsien than the erier atbct I y deri ved f r om
a ”Pfg@fh‘:t‘eﬁﬁefztofl %ce%és%h@ s%? Q%c él %orgx Oé}e of%t Q4it} Bhsors

1er &
17 O]'_aahchITI(HQ Giattﬁla Yealde G! 00 @5 FIGel PTRE @RSHAG 10 N/ RSyl N
order to_ conpute the flow characteristics. I'n another

necegsRO Aesiied stamal pongiéoning fwckas eny sageet Gyfef@rmaftblmgphas e

i f1 f bot h nsor SI al s efre uen
amp§iatiod Br NG a7 S RiE Sindt' Al ghle sidegf domitlonife can be
perfdrﬁﬁaqgﬂ@esp&e@ssﬁwg@ﬁyzgg both flow characteristics,

and both ‘can be déterm ned nuch faster than in the

prinorddation, ththiatqrfaco 204 can enae enmymdndmrom batvezn the meter

[ caI t.ake on erform
elect&%msrg@?n&/ ? ﬁfdﬁcﬁ@é{l@rﬁfﬁgﬁi §A0 Be cenadis wmﬁ@ner of
electfth@ ieAl, gf"{if 1%?1359@6&18{ tif, @s little as 50

econ Even faster frequency determ nation
[ sTlummitafqde@lOédn odepmibddingerniis thwepléd péthandlgitizer 202, wherein the
configuration of the processing syst em the sanpling
Sensqrase%negfsomﬁélseﬁ W A NS Fa s d herdagitipen QO@rsamp;l@sand digitizes

the aﬁﬁggqgﬁéoﬁféngpar{cﬂsr%auce%t Cdlgio‘gl sensor signal. The digitizer 202 can also

perform any needed decimation, wherein the digital sensor signal is decimated in order

to reduce the amount of signal processing needed and to reduce the processing time.
The decimation will be discussed in more detail below.
The processing system 203 conducts operations of the meter electronics 20 and

processes flow measurements from the flow meter assembly 10. The processing system
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the 50 nms frequency determ nation rate, the neter

el ectronics 20 according to the invention can be about
wWdobi1amEss f aster than the prior art. The interpPeresSR04/020188

recei ves the sensor signal fromone of the velocity

203 é}? Qﬁf%;s z)(r:lé 78 8110%1 gr&: 95?% hﬁltﬁqiég ah(? ﬁfé?e%p@rogéss § e fPU The

rmany necess esl re

meaﬁir@ﬁéﬂlts O BEtick | t@gtddgce BhE Br ﬁmréiﬂywmlamtermﬁcé ormatting,
[ification ffering, etc. Alternatively, sone or
aI heprachesing gysiem 26 @ﬁm FmPFiee & 8AN%al PEPPYST GARDYLRE, Bhe

mlcrgé%%gsf?%n% i%ﬁ?rfh[aﬁlﬁiggcoc%cgﬁ]tn orgd dll\éo&l% Ell?e?a]t ;gﬁ'EBsfeaocfecugt%ﬁllzed
procgslgg&éb SIS STE praneksiet SRl 20 ¥aCBs distituteNiRbh@ afliZflé

e capabl e of any manner of electronic, optical,
procossmrg desliess Themroeassiagispsten20$ ¢antinelude eny omenper ofiategral or

th 20
indepebbiletiont sharargis duhis BrslbiEe SRl Wgnal
Thepg] Pﬂic@kﬁ sy%@c%n%@@’g)lr&%s%Qh@h@isbf gigRall e 1ﬁ'3)%éfgo determine

Senso S|gn and produces a Ital Sensor signal.
one Fhmork fjotheracﬁ(ﬁEtlcsfroml &e spesof elgmahhw nEkglent or more flow
deci.nati on, rei ital,_ sensor si

n
charaglgiishes &80 ey ed%Plni‘SG efistiee. eHECEIBER 3?%?{81106 (A1), 2

e ng tine.
mas#ﬂ%ﬁgcr /F}g%ﬁwﬁﬁﬁn% H‘%I @%éﬁg&gdﬁ ?hf%rggﬁggét ai |l bel ow.
Then preeptssiimgnisshotvantRid ocasiigalysteap2d htétonsines thehfbow
nmeter el ectronics 20 and processes._ fl ow rreasur enment s
charpetepisticedram ée eq enseisyends y 19 end Tht apd ieyaglp gensor signal

o RBHEAEE R RS0 ERS 00R60 WERREFR AL B, e

and ﬂfe@é&ﬁl@n@}nﬁoﬁf theaie sbhea siphalsaxitoedidsl i1cand thBingle phase shift
processi ng system 203 can conprise a general purpose

213.cdmpuesi, either @ fitgs oo second mhassyshitied senspogipaldbpdiastone of the

sy GOV BP0 Ces e DL P EnP DSy B BRIEBR D o 203
accRdRB 9o M 1?1‘\@1'1‘[?0%%@%%1:&&‘11‘1@@§ha§5ﬁﬁff@feﬁ€@Sasﬂr&iilency, a time
system 203 can include any manner of integral

diffarmmter(ém);l and/oehexdss dlovcrase mra]g@ﬂuwdnamlah uch as t he
g,r age system 204, The cessi n em 20

b Suaa weesr ALh FAR gAY ToRIPRP BRI e pliare
routfhrég c%[rn %g%@aﬁf%sg\ﬁﬁaﬁ S’Q’ggﬁﬁg’?fééé ' E?oﬁ%@rﬁb&lﬂﬁlei‘? riﬁ@ﬁtorage system

| ow characteristics c
204 hmmhdaéeoatup:ﬂmﬁa it Bk euentlsy the froegsi@ncystem 2037dn one
difference (Dt), a nmass flow rate, and/or a_densi

embpgimarticthe stswpgmtystana P04 sigresaghase shiff souiine é%atfbﬂlilﬁﬁé difference
routme%, atfr sugncgfcr%%’? hg Qlé,yasth%@dﬁ?&elqge @tﬂcﬂﬁﬁletﬂ?, I PV ow

characteristics routine 218.

In one embodiment, the storage system 204 stores variables used to operate the
Coriolis flow meter 5. The storage system 204 in one embodiment storeé variables such
as the first sensor signal 210 and the second sensor signal 211, which are received from
the velocity/pickoff sensors 170L and 170R. In addition, the storage system 204 can
store a 90 degree phase shift 213 that is generated in order to determine the flow

characteristics.
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characteristics fromthe two sensor signals 210 and 2

11 and the single sensor signal phase shift 213. The
w@e@easEifhg system 203 can determ ne at | east pOPUplIaG@20188

di fference and the frequency fromthe two sensor ,

Si : t ' ' . As

2 EB Rt U iRl 3ol 201 SoRRARE of Mt S50
charseipsstics Dbgiadd fremcthe dvoneaniretbits ufiht seaagosystem 204 in one

downst ream pi ckof f signal s) can be processed by the
embgdigeeas 8iorRy f@%ﬁbﬁﬁaQ@BlSB%Scwhiaﬁ@ nhase digterenpe 2o fieguency 221,

v gk 20 D PRRERLTY OB, 220 RSBt e

225 fdllogeteratiged fbm thegesiisagal 3y:t em 204 can store flow
met er ﬁararreters and data, software routines, constant

vallbe phasgrsbify eoutisngl 24 2vpariosms 1M dageeesphsse shighen an input signal,
.  storage syste 4 includes.toutin t.hat are executed
ie., B RGBT P A0 TR oSS Tl M 2 s e S
impRhRHAIEHAYST BahABANTHRERedbRdGSe shift routine 212, a

phase difference routine 215, a’frequency routine 216,
a Thephatefdifermncerqubine J1ouletarminds pleasd defférenee using the single

characteristi routine. 218. I n one enbodi nent, the
90 dZ0%F DRt oS ool G Spimatihn G ASees P dgpiorigto compute
i.9| S 1fid [
the o fchliced The PHae Utforchoe 1 Bne R AR Eqhptia tfom the
firstsemwosigaalgtid), tiklecand s¢iser signalrit 1s end tire X depabe gHdke shift 213.

\gni ch, are receiived fromthe velocity/pickoff sensors
The glotgrmined Phessrdifferenegdppivgiorehin We phavedibipronsm220 01 thastorage
sighahe. LSRR RO R B U PO R ST cam e

calcelarddind®btaindd@ush diagethsay & mmprM afil aeScangrovideirtical
flow characteristics obtained fromthe fl ow

differenesip dlesnmster applieatinng favisg dighflowsaten op mdeenolfi-phase flows

tores..f.l ow charact.eristics such as. a.phase difference

ocoiy, 88 8aiipR e ARGRITer b 5 B e PR B giiep s U quency
of eiffe SefdoPWehall 21 (23321 18 MRRSIveY, béddhse MipRask AitfRnéd RW

rate 225, "all determ ned fromthe sensor signal 210.
detefthimeq fradeperdently afdbe fiequarc®, preetfror crenporent tetpeehaghdifference

shift on an input signal ..i.e., on the sensor sigpal .
oSy efe G e CHTERDGE (0 onEa IS ET BABOY Ferpere is no
o B RS 0 B e S gaitly, o hase
diffaterideet@n ¢eredacatjotdre iang leffdéhdagtikeppbiosae shift 213.

Addi tional informati oa can, al so be used in order to

conpafiedueney saEdRe 41 @ AeicEREES 2 FrauptasEueh 13 Girbedubited by
eithéMfie AFEP Qéﬂngﬁénélsz 1PSPHE ‘ﬁgcofnrd%g}lgc;}%ignal 211) from the 90 degree

phase shift 213. The determined frequency can be stored in the frequency 221 of the

storage system 204. The frequency, when determined from the single 90 phase shift

213, can be calculated and obtained much faster than in the prior art. This can provide a

critical difference in flow meter applications having high flow rates or where multi-

phase flows occur.

The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211. The time difference (At)
can be stored in the time difference (At) 222 of the storage system 204. The time
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first sensor signal 210, the second sensor signal 2

11, and the 90 degree phase shift 213. The determ ned
w@b@sa3@iid f erence can be stored in the phase dpé¢T/Eesmnea20188

220 of the storage system 204. The phase difference,

L e N R T —

freqadricy, did B thérefopé avddi® det&inihe 6 madsfieay eee in flow
meter applications having high flow rates or where
nuifbp flewacharaqiesigics ceutine 218 eandieterarine epeopmaseilow
L n term ned.in endent.. of. t he.
charfotgifidiey Ry PRraPCLERGIClbRare SA6T5] 8ty incd phase

diffevbri@moBN andafi€ deteninle fRiyashed2t I ebeaen1S, i ¥&&th A8Sbmplish
i ndependently of the frequency, an error conponent in

thes¢ pédiphneldlay thardadsicodsshmid baohdetstoad that mdditional information

T N
exarfiples YRR chdraiteSais '}Bhﬁfm? b f‘@czﬁh&’e?@rnﬁh{:] hehan cfﬁ)v;glﬁe{t@ from the

~1s reduced over a phase difference of the prior
timeThifefanee (A1) 292y andt theef@edrantter phase sli fierbnec@®Ehand the Udyuency
ibjted. by either the first sensor_ si

as, t gat xtf] nal
221.2ibe rmufa for mlgl@gg)&qss %gﬂte 3 g}ﬁn mgrﬁ.ﬁq@l‘%@lo. 5,027,662
to Tgﬁ)% ECall Eﬁ& & iﬁE%t%%rﬁé@herE&?%%eﬂ%ﬂ gﬁ%{ @?g&ég&g@%&g&relmed to

e storéd int requenc
the 1838%6. fichh ef fivequeteriy] inthe malet asemblyd (. ridiretvire, therfidve 90
phase, shift 213, can be cal cul ated and obtai ned nuch

charpeigrigicsariing Al & ¢am gsq determine thefdensify?24rapdiagdhe volume flow

Ftircal di i ter i cati ons, havi,n .

e 541 TR USSR iy LA o BB 8 B ficrea

the thadseflsly rdte neBaBie (BSityr T4, iaRe tilvoldRie ORI 0Tese ﬁoidg@%gstem 204,
difference (Dt) between the first sensor signal 21

respegityelih elnsasiditian, wenow chagpetdristies carmpretransmitted £4 extemebdevices
b ttiDt)e cap ge stg{)ed inthe tine difference (Dt) 222 of
Y Eefgeg &¥6yst'em 204. The tinedifference (Dt)
COPTG! 385 AURSRAN0RbT ¥ nidifo 6t SORBRY RBhanidHa igeéjCOriolis
by the determ ned frequency, and is therefore used to

fowdeteravcoaling® ammsbddiment af the iffhantiohoin stear3ddt tiei fati asl
uti ne 218 can determ ne or nore_fl ow

r e . .
Secoeﬁé?%w sighalsiaggreceiygds | éaﬁ,fgrﬁfa%eaéqreﬁlm C% COIPpFipe @ither gn

UL ‘*“55%-‘ t ' di f f erence 220 and the
Hps eter m@%e fegé&ﬁé@c@g%?%%gﬁpexanpl e, in order to
achostpp 36D, thbeasonasightls @aabefcbaditiohed.alit &d @hbedimeht, the

shoul d be understood that additional informtion may
condsionipg ¢ap glydsfiligimgdogemer anpiseiapa gnwanter signals dnranss

4 . ' . I The fl ow
oA RerifE R mp S BHEERS T HR il ound s grpecied
fundafieatd fequédts ditheeCetiblieflencefePs) Ir 3dditidAdothBiesRidai¢hing

fromthe phase difference 220 and the frequency

operations can be performed, such as amplification, buffering, etc. If the sensor signals
comprise analog signals, the step can further comprise any manner of sampling,
digitization, and decimation that are performed in order to produce digital sensor
signals. .

In step 303, a single 90 degree phase shift is generated. The 90 degree phase
shift comprises a 90 degree phase shift of the sensor signal. The 90 degree phase shift

can be performed by any manner of phase shift mechanism or operation. In one

14



10

15

20

25

30

221. The formula for determning mass flowrate is

given in U S. Patent No. 5,027,662 to Titlow et al.,
wa@ae@eilso4ificor por at ed herein by reference. The PeEESINEO020188

rate is related to the mass flow of flow material in

the neter senbly 10,.Ji kew he f| :
e S RS bt it R bt i, operting
on digBASdehYor And/or the volunme flow rate 225. The

etermned nmass flow rate, density, and volume flow

r dnestepeit e phinsy diiferonce iecompueted) wing thesimzle 90 degree phase

slnftggggit{%@gé%ﬂr%g}d%t créS&Ysg)Ltgﬁnfqeéﬁg oo%é'ttg (E@%tpg{eatﬁg pﬁXssetcﬁf?erence.
hiS i Bletrhffd iR MR beriBY LGRS, th

In O%%@E%%éﬁﬂe?gg??ﬁ%@&gga FIG 3is a fllowc?ﬁart ! 00 ©
secornf semsoesipnal, afd thecoads Pt degren pbasesihjfinallbe iphase diflerenice s

fl oweter according to an enbodi pent .of the_inventi.on,
compripes pdhasgpditicrgne il e TespRRse é&&ﬁﬁséeﬁ%ap@ﬁéﬁ%ﬂ 9faiﬂ?‘f Is seen
due tgﬁﬁgb}sﬁglis Eﬁgctfigrtﬁ‘é vibraiE rméﬂeﬁﬁ%%m%gnl@.onp.” se either

an upstream or downstream picko sensor signal. In

St'EiRe @Qdltinkphasedisterert gnadtermiand thvontietrieed do: adynfrequency
one enbodi nent, the conditionjing can include fi/l terifngt
aSter

valug i the eelealations d henesulingpiasy differisasecan be ehfained much

enbodi nent . the, filteri.n ' HSe = :
i STREES ek B8 FR0 SR RS RONERARR iroronce s
a grehfc@ AbAREYy Hantdithat®lifRréeldaRividred 8sing a flaquagiei.t i on,
ot her conditioning operations can be perforned, such .
aslnestep 803, cafreqrepcy isf dampuied. The freqpenchiqcerding to the invention

ARSI AR S B A
emb&Gf]HRERME DBle geg glﬁgief PiARAd e ArRRpohdEnP sQHeE Signal from

digital sensor s . I'n step 303, a single 90
whictiehe 66 depasehake $Hiftiisdererndr ditediedhisncO B aldfrationphiesponse

hi ft conprises a 90 degree ase shift of th ]
frequegh 4F One RG o dbaee” S and fre tecens sensopginel (i gpencies
r.. of j.f i I g4,
ot o TERF St PR SE L TR BTy Rt ahE iy

compiSse’ g ibldioast fréquansy ssponsedithe flogtube i fipwiabeswrsvibration
signals. In step 304, a phase difference is conputed,
genegled §y thredgyergl®. 90 degree phase shift. Additional

i nforpmation _can al k Wy

A8k TR, B, LIS oA APB 15 RIS FukBncen
freqebincl @6RAGR e IsfzrdBt BRETrBQEEnLY adbameliffoih tisedisge 99i d¥gade phase

the second sensor signal, and the single 90 degree
shiftghagepstition. thatie npichdastet thar iethedrtos ap i Besesnlpna figquency has

a gre%ig%;teg{frggﬁ g{\a?ll atslgg(ggﬁr nef A %Sla%e!dgiﬁ%i‘lé pli*ibre art. in a pickoff

In step 306, a mass flow rate of flow material is computed. The mass flow rate is
computed from the resulting phase difference and the resulting frequency computed in
steps 304 and 305. In addition, the mass flow rate computation can compute a time
difference (At) from the phase difference and the frequency, vvitfl the time difference
(At) being ultimately used to compute the mass flow rate.

In step 307, the density can optionally be determined. The density can be
determined as one of the flow characteristics, and can be determined from the

frequency, for example.
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due to the Coriolis effect in the vibrating neter

assenbly 10. The resulting phase difference is
waledensi4ned Wit hout the need for any frequencyP@BRUSE06/020188

the cal culation. The resulting phase difference can be

obt ai .

cal EHPEUEHEE v RERAE Ao AR Ao RtRRalt be ERHSRsH, The volume
flowdiafd @he&RRIdIAENE] B 6 6 tha TIoW Eteiradifridiics, Ate® be determined

di fference cal cul ated using a frequency. In step 305,

ffOHathﬁ meass dlewy rate m@bﬂw@e@&w,fhéew@dee ncy according to
B TR 5 AR L TRV L

1nveH§§r§ Tﬁ@el%ﬁleﬁﬁsgah%nﬁﬂ@ﬁ Qi PIG, 2agharettﬂe s&b rr@t%laé?i&@ nfighbers.
sensor signal fromwhich the 90 degree phase shift is

deilhe ewter khestfonéepihinythisserebadiment inohvdes thesfrshsamsor signal 210
uen of one .qf, .t first .sensor
and e Ao SE . (e posstitztn e A bneSii e st and
seconfl{d Eta ggﬁ‘s%lr §1eg‘1’1raf‘s SlRsicent il drder 1 teri@le bk or rlnore flow

oper frequency conprises a vibrationa
charhcteqstms cfy,orn dspgipsas oAstmevmhsdywilmessad thie ank wip @sort @l oav

vi brati on geqerat e he driver 180. The 6{x ence/
charpp{gestifs Ay derlide & %ﬁenca CIRERAUTCTUsECHeedme dlitigrgpce (At), a

masé ﬁg%pr fdgntn {11[)? gl 4 vfoﬁfrﬁé B & &P %e J@%ﬁtaﬁ uency

ai’ne he ‘sin egree ases t in

an Il@ﬂﬁre@ﬁbdﬂ’\méﬂ@dhdvﬁl mha:ﬂs’rof:@@ngrsytsieaﬂzo)m détbﬁnﬂfels ﬂ{e flow
art. The resulting frequency has a greater accurac
charﬁﬁaﬂstspSffr@a @@btt}leémownmréegnalﬁ 21fkansk 3 15 V\thout the r@@é gor any

I t d,
exceied SRy i RS ooy BLTB Pr PreBpMGtency
refei®nas Sighhll fEHeq Q@esﬁﬁ% dviRnd 20Utdd dderniife UETRAY 1RO PRANeRH ference
in steps 304 and 3 In addition, the mass flow rate

and dm@mwncjoﬁoaaﬁhedwm@n@ralgnamm arfde?rldnce (Dt) from

hase di ff the f with i ,
i PrearBrte oy Gty th e feer S8 a0k Mrbp B T routine
212 sé Hﬁ‘ﬁ’:réﬁéeerou{lﬁe 515 §Q(¥uen§:ff‘ ?o&?rf@ﬁ 1oy a‘iﬁi‘i’e difference (At)

optionally be determ ned density can
routithetd7pambal flass draeacséridtive réutme 2Barket sorage sysmm&ﬁ)d st@as the

first 3gasor £165AL/ LS THEsRE 91 nest PG PRl Spigase system 34 also
storfie] B0 Aere TNR MO AW L5 090 B BRI e

aracteristics erm ne

genéraﬂémftdﬁe tHeesasdd gndlaireordadtiot digertt@ns itieyflow ehaxepplies. As was
FIG 4 shows the neter electronics 20 according to an

prevwbddlﬁ@lwﬁ%fth@ Heragesyaieno4 staees dhepkase dlifferepemdafh the
frequency ZEIGtheZtm%Q a{f?er%nce (%%%2? %heefrﬁgscﬁowlfngeiz% the density 224, and

the volume flow rate 225.

The phase shift routine 212 performs a 90 degree phase shift on an input signal,
including on the first sensor signal 210 and on the second sensor signa1‘21 1. The phase
shift routine 212 in one embodiment implements a Hilbert transform (discussed below).

The phase difference routine 215 determines a phase difference using the first 90
degree phase shift 213 and the second 90 degree phase shift 214. Additional
information can also be used in order to compute the phase difference. The phase

difference in one embodiment is computed from the first sensor signal 210, the second
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The meter electronics 20 in this enbodi ment includes
the first sensor signal 210 and the second sensor
W@ 2@aabo4211. The processing system 203 pr ocessSPCT/URE06/020188
first and second (digital) sensor signals 210 and 2 11
sensbﬂmgﬁg%rl 1t eqﬁgtef?d:{i)%q‘?g gﬁas%rshﬁf hps %gﬁ tf¥%econd 90 degree phase

teri stics reviously

shiftdl 1S¢ URiRealbterinige Dptease rdlﬂ’aiéﬁcef d:ahV%eCsh@fed(ih €tid ISHdsé $11ﬁfﬁﬁnce 220 of
i nclude a phase difference, a frequency,

the siprage ﬁ)éﬁﬁ%fé 20t 3s, prfavwagléf C’fusc?wqdaﬂéhe pahala@ ﬁﬁfetrsmeaﬁ@ﬁ@r a
t |
cere T B ik e A TS i, SBshl8e apohined

much ff@stéﬂ t8dn ﬁﬂ%& f}b‘ﬂo? kS TTHES cAr HrdvRIR dcrithel Hifer&RRSAflow meter
ignals 210 and 2 11, without the need for any

applmatlenmbavuﬂg bighdty rateaguwém@rmulélnpha&b tlewistocchie Ineastdlition, the

phasl 2B S B0 SR DA PTG et of T sepprsignals

210 ghd D8I eNMReRRE, BRGude B lf)ﬁﬂ@dlff%%bé Reddtdenif e iffependently of
signal's 210 and 2 11. was previously discussed, the

the fsequeagg ap\estog noﬁlmnsmonéhe phash dsfEershed doasont smﬂffelzﬁtdm & error
hase glff rence routlne 215, a frequency routine 216,

compopqnot herfeduspee dpispralaR; ife here 15 BR §ORPOIRINE error in the

t T t
pho SIBHBELEL LR FELAL el g Shot SR BIRIEN B0 duced ovr
apha%ﬁﬁterancgnﬁthe%frilor afhe storage system 204 al so st ores

a first 90 degree Bhase shift 213 and a second
dedhedreghensy Y§H#11ﬁ% I hdeteppineg alanerey (Spefpt Het ?Péhib?j@d by

e1the°f' tH0 ﬁk‘ séﬁko? LigRh1 %13) gl%@ Q&Jﬁ% s%ﬁ?or S oéﬁvé{l 21 ls)e%om tHe first 90

char act éri's previ ous Scius
degisb @h@@%hﬂff.%l?ah@&fb @b@ﬁ@so dbgrepphag dhift Dedempe deB¥mined
the frequency 221, the tinme difference (Dt) 222, the
frequensy can b staiedimthe fraqueneie?2i o@thzzstpra%mmtem 2044 asrpseviously

225. Th hi f
discigisSiod e Sy Sheh Aenrmine et fifhand Sedper il s spics
can bé @alt:hlﬁ%td aﬁﬁ%@eﬁn&l Rh st BAdiPhe Hhdr 8AC Al SANHOVide a
signal 211. The phase shift routine 212 in one

critieatishiferered ini fipy exbert appdichiidreriavingalnigh dlow (atéssausbad multi-
f{{l@}\g The phase difference routine 215 determ nes a
Phasﬁ %‘?Cflference using the first 90 degree phase shift
3- h@Rthd @er Kgp%guﬂﬁegﬁ?ﬁflé’c@ﬁéﬁégltfg{ e ditttrence (A‘(c)) between
itiona |n ornmation can al'so be used 1 n order

the ﬁnstma.ﬂser $ifreal phaseddhé §eoadcensorf bignplhiisle Thd fime elifferchoe (At)
one enbpodi nent s conputed fromthe first sensor

can be gioxd inthe timgdiierenae sangae of ﬂ@t‘nﬁpragz pysteme2 0, ag praygously
s8R REE FAB c AL BB 0. B agspiae

divigédbethel ddtdrhendehi@ eﬁbﬁfﬁfdeiﬁ Eleerefdte @sfedttb RefriROe mass flow
system 204, as previously discussed. The phase

ratedi f f erence, when

The flow chéracteristics routine 218 can determine one or more of the mass flow

rate, the density, and/or the volume flow rate, as previously discussed.

FIG. 5 is a flowchart 500 of a method of processing first and second sensor
signals in a Coriolis flowmeter according to an embodiment of the invention. In step
501, the first sensor signal is received. In one embodiment, the first sensor signal

comprises either an upstream or downstream pickoff sensor signal.
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determ ned using the first and second 90 phase shifts,
can be cal cul ated and obtai ned nmuch faster than in the
w@eooen3@ni. This can provide a critical differpomesions020188
flow neter appli cati ons havi ng high flow rates or
vvh r h occ
§[ }g]ﬂbﬁ ﬂélg ﬁ&k? I?V\§ Is re!é%\rsgcg giené A l% (ﬁm@Htaﬁ% second
sens&r ﬁgﬂﬁr&ﬁ/np?fseé bighey %Wnsﬁ*e%&lr%p%ﬁ@arﬁ @@hk%iﬂsenb@rsegm (i.e., the
because the phase difference is determ ned
oppasiid @p ErriBrst bgnserf sighad).f r equency, an error component in

th ha | fference does not s ffer om an
colfbarBR3 dhe pisSr S eat ey PseRroRkd | brohd tuSodiRicat, the
cond1t5'r01ﬂﬁg CONRRINIHEY Migerfiol 0 retldvh B@lsﬁ %8 enfliahfc@'s@Hess. In one
nmeasurenent. Consequently, the phase difference error
embopdimendube dilteving can mmpesejbéﬁcbp@ﬂ ddtepingt ﬁrseprpmouslyahsscussed In

.The freque toutine.216 det nes .a f e uen such

addif g gt P R S rken oo ETred oh SR léﬁé fon,
t

butigii, Ao, oS RIRGCLBEHE hg‘ﬁ%*ﬁﬁ%%ﬁ%%‘s% Seh ffihet®

complhsa‘ anyZﬂndnnéEhEE sampingy digitizhti e aedcecoaatidnethstt ave @drformed in

the frequengy, 221 of the storage system 204, as
Ordeﬁr%mqsiyg?gilgaﬁakmgreﬂgnatﬁe frequency, when deterni ned

| t e
(TR R T ——
shiftaolmpridek 8 90aiegpseqhastestaficfithe €iadt sedot Sigﬁﬁlc eT he 00 dewee phase

met er appl i cat| ons having high flow rates or_where
shiftraantbedtes fl SRy @@amner Theeehapismiofr Ppeigtier. {ppje embodiment,

the b ernafand il R ot e bR A brE L ERT it Ykl S Biita

sens6t §iBAhls211. The ti rre dlfference (Dt) can be stored in
the tinme difference (Dt) 222 of the storage system
201 step 50b cassasasd PO diegebest: shifids gelmatd'df Tbe sexmd (90t Jegree

' . | h
ST SR AL AL L e g v phocecatyaca
Ml L L e e R e S

mechatien drivperitioni ty, and/or the volune flow rate, as
previ ouslg di scussed. FIG 5 is a flowhart 500 of a

melh&@p 300 Blaass slifherence isrcommyiedtheimgen tiedyst sengerasignal and
f
e 4t SRl LMERLnO0 LB g, A ARBRIEDN) 60 gogec

phaseabit.vadditiohabin€oreiniosicam also Behgetliifi 8tdes @cmsaﬁpﬁﬂegnabhase
conprises either an upstream or downstream pi ckof f

dlffeg@lmor n#inggaibodimenteihepbase difierencedndeteanised Gy figst sensor
51gna1 e se%gnd Iser}lsgrn se1g§ qbﬁ)'ld 15%o dégr}gef’) ase Sﬂlft and the second 90 degree

phase shift. The phase difference comprises a phase difference in the response signal,
i.e., in the two pickoff sensors, that is seen due to the Coriolis effect in the vibrating
meter assembly 10. |

The resulting phase difference is determined without the need for any frequency
value in the calculation. The resulting phase difference can be obtained much faster
than a phase difference calculated using a frequency. The resulting phase difference has

a greater accuracy than a phase difference calculated using a frequency.
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sensor signal conprises either a downstream or
upstream pi ckoff sensor signal (i.e., the opposite of

WO b@ofidedss sensor signal). In step 503, the sePSDUS2006/020188
signals can be conditioned. In one enbodi nent, the

condi tioning can include fil [ t ' . .

iR S0 BRARGIey IhC OB et ABF RSt Eer fraR] 1 iffhcon
. - H H - . | -
is a GREBEOREy DARALRATRO I 51 D0 dodec e 58 lid tepssedo
degrep %hﬁwsmem, The dleqasnanipldnkieagtodonentinges Brei Hydegseephase shift

t

and theshpriesp RS SOMBF FEBa LRy HEa o) SeatF phtse shift &' deived
igitizati ; ' ' '

e 5 OSSP o s g o

the se@ohd E&isoP ﬁgﬁ@]g@ﬂ&efra?meies oif fite twe> Baperagrads arFtsabstantdally

90 d h hi
identiohl intopefariona. e HequeS GORSIr RGP Y FRAY TSRS TopRuse of the
shift .can.be perf.aor - Of h
fowtiie Lo 16 g teB b e ey o R v s e hace
S 'Tlfe?t‘réc?xeﬁ@f fiRk R vEs isubtankiihathbut thanetd fon anyriadetendent
on digital 'sensor signals. In step 505, a second 90 )
frequdﬁgyrméerpn?ssagsﬁi fEheifreqyenet isobtpinethiordhs 99 dygregdipseshifts
. phase, s t. conprd ses.a 90,de i
in an SgeOn et FCRARIRT AR I MRS s Segs e S2tup hos o
greatStdchrac I%ﬁar?? ﬁ%@gé&%{ RS feSH the peidh afte performed by

any manher o chani sm or operation. In step 506, a
pHasept 08, amemsdldve rae vpflowdnitetiakie sompatead. reie masssiiw rate is

signal and the second sensor signal Si the first .
commsSBameh sl e AR Ak B gh el e
stepss'al'e%]c d FihiA ﬁfﬁon’ e%ﬁ@tﬂd%‘reﬁé‘%ﬁ SftiBR cHB 88miplte a time

.order ‘to’conpute t he phase difference. In one
diffeRmBe dAfyEFIm thidyehash differandef ardehe Erefjgernthyt writhi the tinfer difiference

the first sensor signal, the second sensor signal, the
(At) being ultgnatglsgised tp asputstie fl}as%lﬁﬁwt ’E-second 90 degree

L S, SR

Pi Gkedd 5 BEIBOVSIuntd Bw irfie $€ Optitigal tytbd deaemoinedyldspreviously
~effect in'the vibrating meter assenbly 10. The
discusesul ti ng phase difference is determ ned without the

need. f or frequency.val ue in t .at |
"Bt e T S0 Y G A e 05,
accotdlig tfal Pﬁ\%@dﬂhgﬁ‘ft QreRCiaveRidnu 1atBél figsie) thetblbeletrepresynt either
e resulting phase difference has
processing circuitry or processing actions/routines. The block diagram 600 includes a
stage 1 filter block 601, a stage 2 filter block 602, a Hilbert transform block 603, and an
analysis block 604. The LPO and RPO inputs comprise the left pickoff signal input and
the right pickoff signal input. Either the LPO or the RPO can comprise a first sensor
signal. A
In one embodiment, the stage 1 filter block 601 and the stage 2 filter block 602
comprise digital Finite Impulse Response (FIR) polyphase decimation filters,
implemented in the processing system 203. These filters provide an optimal method for

filtering and decimating one or both sensor signals, with the filtering and decimating

being performed at the same chronological time and at the same decimation rate.
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a greater accuracy than a phase difference cal cul ated
using a frequency.In step 507, a frequency is

wae@oeovpasEds The frequency according to the i nvePtT/082006020188
advant ageously conputed fromthe first 90 degree phase

L S SRR 52 0 L s
Inﬂni?{jierﬁjg%l%‘ﬁe %ﬂgﬁsg EI'IR? siReRdiEh §eNaMle glii gtlfilferPon Midrgirocesses.

degree phase shift is derived. The frequency is
Howevey, ibstatild haindesoddbatfateerdtaringafroesseesandy oraliltgring

embq%frgggféﬁg (%gl%%pp n](;j?ét {]rggoasrg gﬁ@gﬁl ﬁfq”s%ﬁé? §{" &ggiesérti&?on and claims.
SYAE! 9hoRb bkl the EffochtARRIAILIGN 60T heokamgueasY

onprises a vibrational frequency response o
embddipetiidfehenvihtivt.ubethetemtzodimbntathioom, therdilberetiapsforrhdlock

603 i P AT BEpaR T e TR o s
LroSEHFEERGE Atk PAEPHE s N, PRNR BP0 tron

inclufl@SAERPON®ay Bloth & 1prih @hratiel withine RREG dilter bipckrGudieyLPO

has a greater accuracy than a frequency cal cul ated i
delayt bleclp 7 bendithe RPQ defaspblogls 71 b infgadiice pypkng delgys -t ffibi‘ﬂfl’o

teri I $,4C ted. The f i
actag Pt 7k pQ UG EPH A L8aTTT BBl SRR D BRTR APl
signdl SEAPRE Pat GRIBIMbAE oot allyamer #08mafsht 901 PONuICRIPOIdigital signal
the mass flow rate conputati on can conpute a tine
samydes thet &a ddtetddt By fhednP ® Hbtep biesk TRfandithe RE Qhfitiet bleck 712. The

BT AT R NG ——

: t 4 | optionally be determ ned, as
the I%anveid gggfag %%%ai YarfyR8s.

scussed. In step 510, the volune flow
r aTlee Eélbe piahsfoahl biotie6@iiser ishstdp taprqyiding dsplyase

di scussed. FIG 6 is a block diagram 600Q.. of artio
meagfernp. ﬂ?ﬁ]@é@él%qrhﬁa’&%f@f@ %02%36 03688?1&?%486 %étegﬁff decimated'LPO
and gggosgém{éncpéﬁf&ﬁls' IMABE: BAnstbfint ﬁ?lefﬂi%&@traﬁﬁ&i@hﬁﬁﬁées 90

resent  elther processing clrcuitry or processing
degra€ phReshifdvopsisns JhthellRE kndl RPYY signd0Q. d. ni¢ prodimsesquadrature

stage 1 filter block 601, a s_ta%e 2 filter block 602,
(Q) comeprnents aftheerigimal, in-gbirsesdBsizadsomponaatsy dihe qutye et the

...604. The LPO.a PO 4 nput s. ri i
s O ST FER MRS E b IQPLigSems LPO
Q arfd RP61Q,Hénd-Rith e bABINRERr-pARsq@FiEhE @othponests IFEMS and RPO L.
signal.” I none enbodinent, the stage 1 filter bl ock
60Thaimputste the Fjbedt trarsfam blook k0% 0an be rgnressatad as: t al
Finite I nmpul se Response (FIR) pol yphase deci nation
FHIAPRS S 14, cos(r) 2)

RPO = 4,,, cos(at + @) 3)

Using the Hilbert transform the output becomes:

Lp Ohilbert = Alpo Sil’l(a)f ) (4)
RP Ohilbert = Arpo Sin(&)l‘ + ¢)] (5 )

Combining the original terms with the output of the Hilbert transform yields:
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i npl enmented in the processing system 203. These

filters provide an optinmal nethod for filtering and
wale@obBi4ifg one or both sensor signals, wth tPer/US2006/020188

filtering and deci mati ng being perforned at the sane

chronol ogical tinme and at the sane deci mation

r Al ed@@t ehdn(dhe- gt age’ 1 filter block 601 andé6

tﬁﬁeﬁgta%"é’[z i?,ter %I glck }6002 can conprise Infinite 1©

| mpul se Response (HR) filters or Ag)};ﬂger sui tabl e

di RPOa Af jleaserrst oy+ fsin(wer dlodgstes” However, it (7)

shoul d be understood that other filtering processes

a r of i litoer.i odi d :

b S 93t PR TR AR B B FIDOAUAERLALRE, BBl

blocksétEccorting to &f erhbedibene bt tHeriangftionmTHeamklyBBDlock 604 is the
according to an enbodi nent of the invention. |

n the )
final staoaf therfreqsivnen differentipiinbese.tand qisits k) Bepswerment. FIG. 8 is

i ncl.ud a LPO.branch 700 an r
phasq ey G4R comarirme el P RGeS dpha i oteRifee from the
in- | (PR IhpdRhtsPIFICK 9 192 frelyukoyi iedtiot 664D that
o ph%%éoak)%l%%%&%rﬂglﬁeudes d;rﬂ}]ﬁ RPOt S'del ay bl ockeh17&ilﬂi§’1 Iiiﬁtlo é
deterpanes 4 frbqueinti fimm RRAnfpHase(l) bhd qradratpre Recarmeyneafsgf a single
bl ock_7 and. t he RPO del ay bl ock 711 jntroduce
sensol SUH-n JICIBPRl oS BIRLC AL PP R LAY SaRAL £ g, oF can
]@&‘Jfﬁ jz%)@ ore select LPO and RPO digital
altenga%ﬁéll &Js npezcgét at ggﬁéel chronologically later in tine
t Hatthé babb&an of RE@ 8lithe phasegioginen 6&4mel the analysis dleck 604

filtered by the LPO filter. blo 70 nd the RPO.. .. ..
inclufles 1058 bISCBRRO trrand S0, prsontRRteROw G Broslsm i ligstion

fi r 7 f hase shift on
block ki, AR HGCHG, BES bk oie BROLBBSENASD, b

t rERSioat Bloek 8K HAld 8l bareteivs botdit iapptase () and duadratune (Q)

phase neasurenent. The Hubert transform bl ock %gé‘%
compansais\ais: sengorfsignab pad pagdbemme d hemoniidispock Sga pegorms a

d f Huber. t f Th .
com 5 afigbsNagratsred it R EROSI ek AR Syrh{ B of the
imag@iiy BRRaB 1 DB Smplex SnultiplicAopdIcass GRmUltgilies ¢hd RPO signal and

conponents of the original, in-phase Si

I |
the 1RrsignanirspleTivstiog eutios: (8) helowub e fiterinisrloput bnplerents a
B R CADETT R e N —
poly#:ﬁ'zis@ I@éﬁn&ﬂoﬁ 19}e0 PRt i€ QEHIABEBMS vé B2 01A8 BortBR from the in-phase

nputs to the Hubert transform block 603 can be
(1) afi puadanteasompdents ofithe sassf sighil, LyVeRROte-degimate the
cos(w _+f 3).Using the Hubert transformthe.output
signded gter)ppéjﬁ)cgf@,tq ca%a l?foc smmyoﬁg@: ecimation of the 1 putted

signal, such as decimation by a factor of 10, for example. The phase angle block 805

determines the phase angle from the in-phase (I) and quadrature (Q) components of the
LPO signal and the RPO signal. The phase angle block 805 implements equation (11)
shown below.

The phase portion 604a shown in FIG. 8 implements the following equation:

LPOX RPO = A,,,¢”/ x Ap,e” ™ = 4, x 4, &’ ®)

Ipo ipo Rpo

where LPOis the complex conjugate of LPO. Assuming that:
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RPChi ! bert Arpo sm(wt +f)] (5) Conbining the original
ternms with the output of the Hubert transform
W@ 2@hbds34t¥O = Al po [cos(wt) +isin( w)] Al poelP(BYUSHPEN20188
Arpo [cos(atf+f)+i sin(w + f)] Arpoe a>t f) (7) FIGS.
8 and 9 are bl ock diagrans of two independent branches
Tzanal_yn‘gl S bl ock 604 according to an enbodi nent 9
of 4°|e ion. The analysis block 604 is the fi naf®
stage of the frequency, differential phase, and delta
then:T (Dt) measurement. FIG 8 is phase portion 604a
conprising a first branch that determ nes a phase
di fference fromthe in-phase (1) and quadrature (Q
CORPONERER = Hle5? 9 A*fcon(freginépify portion 604b that (10)
determ nes a frequency fromthe in-phase (1) and
of a single sensor signal.
Theﬂ%gﬂg ng ereg@ra} rsi g@gtlsscan conpri se the LPO signal,
as shown. or n alternatively conprise the RPO
% -1 ﬁl ¢1)e enbodi nrent of FIG 8, the phase porti ?{11)
a 8? (@npl ysis block 604 includes join blocks
801a and 801 a conjugate bl ock 802, a conpl ex

IR TR I N ARR A O K
accofcﬁﬁg ky ﬁlekiﬁtféhtid'ﬁ pf}ﬁsﬁaecfu'e)l(gagﬁnﬂﬂﬂ %tc‘dﬁ% Qe on el.‘i;lheer the left or

onponents of a sensor” si ass t hem on.
rlghtqncimf@ sigaab(ld¥k oBRPOpeiThe ﬁmuana;qvcp-hen 604 Jlmtjmtamlmahment
sens r, si gnal éqﬁere the LPO signal), and for
showiigafidss adpnitieck Hllgerrarplsy giRpSatT hlock G081 a,-feamplmg block 903,

a coffple t@%&@ﬁkéﬁhﬂbeﬁpoﬁ%@?&gg&&é& Of5 ¢ trghgégﬁrggég

constant bRIickBI0G¢ knBdiviisioh Blehtowga digital filter, such as
the FIR filter discussed above. The filter bI ock 804

cafs @mﬁiw%)é digcpsedyihaien @&qlq%lli 1gpeivey beth inphese @) and

a0 LR SRRy B D5 BRERG b ik

902 fé‘&fdm@sa é&nﬁl@ﬁ icBRfuBafet S4B sigdd1Shdrk HBEX PO signal, and forms a
coefficients can bé chosen to provi de deci mation of

negatitie of theumaginasy gigahl. Bheodelagsbldek 968 tintoodusys a stapting dely into

the ERpepaE i aRR0 Do g RET Adps gt 'g%lk 0 GRRdbe

t P
chroﬁ(@)) fgggg g@é& gﬁfg Oﬂggs 81@9} air%gaﬁé n%ﬁél geait@%ﬁk)ﬁgq')mh the
curremlh dvgltalb sigoal inThe cphpks mualtiplicaticitlacls BMvnThel chihPlex8

t fol l ti LPOx RPO =Al -
mult;prlr{%%% f"iikﬁgi)%n&ﬁﬁ WI ng{_%%J gignglnand the LPO conJugeﬁ:(e) glgna?

implementing equation (12) below. The filter block 905 implements a digital filter, such
as the FIR filter previously discussed The filter block 905 can comprise a polyphase
decimation filter that is used to remove harmonic content from the in-phase (I) and
quadrature (Q) components of the sensor signal, as well as to decimate the signal. The
filter coefficients can be chosen to provide decimation of the inputted signal, such as
decimation by a factor of 10, for example. The phase angle block 906 determines a
phase angle from the in-phase (I) and quadrature (Q) components of the LPO signal.

The phase angle block 906 implements a portion of equation (13) below. The constant
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where LPO is the conplex conjugate of LPO . Assum ng
that: RPO = Lpo = A (9) then: LPOx RPO =A2em =A2[ cost)
woe2wsi1an4)d (10) The resulting differential phaBeT/asye020188
is: FIG 9 is a block diagramof a frequency portion
604b of the_anal ysis, bl ock 6Q4 accordi. 0.the. .
blocki YcHPPIHE & PRI S FURRLF GH° 095 05th PO pEP Bbas ghovn in
©6f &t@}ion (14
cquarr (134, THE it Blodk SR peplofibd e B b mrRrg b eion (14).
| MeUERMency portionl 6Ok iBPlmentthefbBowitggqugtive: bl ock
902, a sanpling block 903, a conplex nmultiplication
bl ock 904, a filter block 905, a phase angle block
Agg'“a cglglgqt)ant |0(}(K1_19 7 Abd _a,di %/J(mmo,m bl ock 908. (12)
§ di clsse tPhe j ol n Bf ock 901 receives
both i n-phase (I) and quadrature (Q conponents of a
The b&tw&éxgﬁﬂd) camstcpissesnilésintiirefcfére conj ugat e bl ock
2 perfornms a conpl ex conj ugate on a sensor signal,

here the LPO Patl forms a negative of the
HT@,gJ.g)ar)etng l ay bl ock 903 introduces a (13)
sanpl i ng del a CQS(Wb—@he) frequency portion 604b, and

therefore sel ects a digital signal sanple that is
n Sj‘ﬁ? T g8%o fiz0i t al
whic 1Sgﬁlgl Xng {ﬁ}glgﬁ\%f{ h@t) é?{clu roentZ digital
SI gnal i n the corrpl ex rrul tiplication block 904. The
| ex@truPtipt fFati on bl ock 904 nultiplies the LPO (14)
g?r and Azhe LPO conjugate signal, inplenmenting
equatl on (12) below. The filter bl ock 905 inplenents a
gt A it bRk 4038 nRh& ¥k AHpleYpreviousl
whe i?léugsstggk#ﬁ%ﬁhﬁster Ioc§§905 can conprise a plep Y
discuseéd; TRESH daeot iddzon filter that is used to rermve

harnoni ¢ content fromthe.in &f\ uadr reﬂ
( @I(%d&péﬁétﬁ)t“éel’épe(ttﬂgn AN aFlow
meteg ﬁgéeg‘ﬁt{cﬁgltaggoédlggﬁg  TH EéanE %11 ﬁ‘ﬁ(‘éje:fdcg 'o?'ﬂ&éﬂ@@ﬁle&‘i" is the

gV e geci hat on 0 nput ted signal,

talleﬁ%ﬁfke&ﬁ tHe gtag)‘ﬂtdn@fls hycagedfarabart 165 HA, Thefigereaty showkseveral
hase angl e bl ock 906 determ nes, a phase angle fraq

othet haegs Spllpﬁsagéhé( ﬁ)eqmyqp@ram 8 l(f@)noé]oﬂ‘ﬁ‘éﬁ@ﬁt“@ Btod? fthe twist

s 54 Fs RSBl 1 SPGFRR pgy) hs

splkgslm e }?arﬁl%ﬁfcoﬂ'recﬁiéﬁ&%b of the ﬂi)vﬁﬂ%r énd alse cEﬁlpﬂisv otte,
, as shown in equation i} The di vi sion
unddsirab]le s@ﬂﬁ)rpmdasr(ne & heistingds aﬁecepé eind B1pdef etequat i on

(14 The frequ Jon 604

Fof Gl st Ao DA R Rt Bl R s ipg 1 2 sinele
phase shift embodiment. The Hilbert transform block 603’ in this embodiment includes
a LPO branch 1100 and a RPO branch 1110. The LPO branch 1100 includes a delay
block 701 in parallel with a filter block 702. The RPO branch 1110 in this embodiment

includes only a delay block 701. As before, the delay blocks 701 introduce sampling
delays. As before, the filter block 702 performs a 90 degree phase shift on the inputted
dtgital signal sample. It should be understood that alternatively the Hilbert transform
block 603’ could phase shift just the RPO signal.

This processing embodiment uses the Hilbert transform/phase shift of only one

sensor signal in order to derive both the frequency and the phase difference (see FIGS.
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The angl e between two consecutive sanples is

therefore: which is the radian frequency of the |eft
w@R@kAsfsis Converting to Hz: where "Fs" is thePCHUS2008/020188

the Hubert transform block 603. In the exanple

2090 S U e ke i ol T oo ps
measiirginaht il sterfifiomitlyeicdncdsrnte humbensl copmmahtidnteddd s obtain the

fundanmental frequency of the flowneter is the tallest
massHpwWealsf t he graph and is |ocated at about 135 Hz. The

fi . | - ot I ' iA.th .
A OSBRI GaRLIER ool wovie
the dudBrdive Q) BBEIB oAt D fFBEUBB Gt 6F ri?H@éhstr- shortdl W& dobBoth. In
requency of the fundanental node). These Spikes

the exemple bedowathed M@ sfgnebjisaheseshified.t he fl owneter and
al so conprise other, undesirable sensor nodes {i.e., a
tw st node, a second bend node, etc.). FIG 11 shows
an A4 shpatest@)Hubert transform bl ock 603" accor di ng(26)
to a single phase shift enbodi nent. The Hubert
tr or 3" in this enbodiment includes a L
branch™ ‘Og&g%5+§9RPO branch 1110. The LPO branch 112%%)
includes a delay block 701 in parallel with a filter
Using tbe Milbeg. trankforRPMebvwpetbetdt®si n t hi s enbodi nent
i ncludes only a delay block 701. As before, the del ay
bl g 701 4 nginQsiyce sanpling del ays. As before, the og)
filterBl ock® 702 perforns a 90 degree phase shift on
the inputted digital signal sanple. It should be
unddt@obg codat +@)t ernatively the Hubert transform (29)
bl ock 603" could phase shift just the RPO signal. This

e e AT 0 o WS UL 0
90 pg?ﬁef? 'ﬁé'i?l:&%quency and the phase difference (see

FIGS. 2-3). This significantly reduces the nunber of

co at) needed to.perfoism a phase nmeasurenent a

si gni régﬂ?ﬁﬁﬁwreﬁﬁggg’ ]h" mlnber of conput ati ons Q?O)
needed to obtain the mass flowrate. In this

‘whilenioRP@estdys théearaett put of the Hubert transform bl ock

603" will provide the ﬁﬂqf;zba!‘_léﬁj@m—»(ﬁ conmponent of
ei (R =t4)g coist +g) :ut”g)]hi?;sensgr——si—g al, but not both(31)
In the exanpl e bel ow, the LP® signal is phase shifted.

LPO = Al po cos(wt) (26) RPO =Arpo cos(wt +f) (27)
USERg. 176hoRHABE bnd1 S8 BIRKB04bN forQHe Bib1IRERE BT embodiment.

The analysis block 604a’ in this embodiment includes one join block 801, the complex
multiplication block 803, a low-pass filter block 1201, and a phase angle block 805.

The analysis block 604a’ in this embodiment implements the following equation:

. Jorsg) o o) ] A x A
LPOx RPO = 4,,,e™ " x Am{e e } =

Ipo Rpo [ej(—a)l+wt+¢) + ej(a)t+wt+¢)]
2 2

(32)

The low-pass filter block 1201 compriseé a low-pass filter that removes a high-
frequency component produced by the complex multiplication block 803. The low-pass

filter block 1201 can implement any manner of low-pass filtering operation. The result
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LPChi | bert =Alpo sm(wt) (28) RPO =Arpo cos(w +f) (29)
Conbining the LPO original termw th the output of the
wolwenso4ts ansform {i.e., with the 90 phase shiPt¥/US2006/020188

yields: LPO = Alpo [cos(wt) +isin( w)] =A poe w)

30) .whi l.e the RPO h : = .
ot o A0 B PO PR LS LS B BTG LGP PR e s
and RPHaTied VS a ?%es(i baeRh 28 B Rishl), ane dﬁa@ra,st? afld the (ot) terms
anal ysis bt ock 604a' in this enbodi ment 1 ncludes one
canc¢laianh bther loug 0The (ater obms)esimplifies gt & Conti-df) srockt 180 the

ok SRS T LS OS50 i i RS B can

e AT Sk gh B Sy el SEMSn sy o

+0) teomr quads: filidred put dfahe resotiwsingaa ivgbassdijteen de cotpitdiihe low-
roduced by the copplex multiplication block 803. The
pass [t pagse chmegranwg%@etﬁm% 0iaﬁ‘gl €hent any nmanner of
I O%Q’Ft@fs‘flﬁeﬂ‘iﬁ LRl tGgperation. The resultof the
mil t1p ’ [

I catTon operation produces tw terns. The (-cot

+w + 0 ) termconbines and sinplifies to a

phase-only O term (@ DC result), since the (- wt) and

t h&POm BPOer #e’ Cancel[cedghr id(@)] out. The (wt + wt +(3B)

) sinplifies to a (%vvt +0) term at twi ce the

frequency. Since the result is the sumof 2 terns, the
Therkfagh, the dififieratyal phate ar@le tser m can be renoved. The only

signal of interest here is the DC term The high

frequenc S{nwt +0) termcan be filtered out of the
rem#tand%&—é—a} | ow-pass filter. The cut-off of the (34)
| owpass LFPEBL] can be | ocated anywhere between zero
and 2w. After filtering, the result is: Al LPOx RPO

:AB? &alﬁh% hd Hbért frinstormd ioff ohé plcktSBrighbeinefead of twhethe

differential phase angle is: sn(f) f =tan- 1 (34) , .

compwetional Byad ngerdad ta pesfoanbplase and desquemsyosstioréiopiis (Cosfolis mass
' ad_of

o S8 RS i R B 0B R o
detefffi®ied using two sensor signals, but using only one 90 degree phase shift.

FIG. 13 shows the sensor processing of the invention as compared to the prior
art, wherein a time difference (At) value of each is compared. The chart shows a flow
material including a gas flow (i.e., gas bubbles, for example). Under this condition, the
flow noise is substantially reduced in the new aigorithm because of the rate of phase and
frequency calculation. It can be seen from the graph that the result derived by the
invention does not display the large peaks and valleys that are reflected in prior art (At)
measurements.

FIG. 14 shows the meter electronics 20 according to another embodiment of the
invention. The meter electronics 20 of this embodiment can include the interface 201,
the digitizer 202, the processing system 203, and the storage system 204, as previously
discussed. The interface 201 receives a vibrational response of the flow material, with
the vibrational response including at least a first sensor signal and a second sensor
signal, as previously discussed. The processing system 203 in this embodiment is

configured to receive the vibrational response from the interface 201, generate a ninety
25



10

15

20

25

30

flow neters i s advantageously reduced. The phase and
frequency can therefore be determ ned using two sensor
W@ k@anab® s but using only one 90 degree phase sPET/1S2006/020188

FIG 13 shows the sensor processing of the invention

e RATRHIER ROU I EERR) i b BERL B oWine gy,

charamex\rﬂcalsiﬂg)w loadt etid fulst semebitisd pivg aadghs ninlepddgreephas@dhift. The
bubbl es, for exanple). Under this condition, the flow

first ﬁ%}sg*éﬂggalsf@ﬁ\sqogmrw&aw PickoRié sensor sienal fiew the gesten aspembly 10,

o pRERLS L0 T LIS OB g rgompue
the at (T ctndiﬂidsw\chdrabtérisﬁetd et bad afleasiyabfit, 9pledya §Hif in the
| arge peaks and valleys that are reflected in Erl or

V1braé}qna)( sponseat theatdepssonerllay charagiesigtic falls wishiarthe anomaly

Q d t t t of th
proffe, B0 iR £ nBERR! it e BB b B E & moci ront
can shﬂlﬁlhlljéaxﬂd'éﬁstéd& 1%{ @8 %e%&leleétﬂﬁu@ki 2 bf #8 fiZ8e cah MEclude

processi ng system 203, and the storage system 204, as
variqys effes gompodesis asdied routhnes discessed abo2@ 1Coepenerds amd/or routines

vi br ati. }_lres f the fl ow erial, ththe

in cofRpS it odher GBRoHEENTS LR ROTYTER ¥ gHaee JumbEs, sensor
Si PR AR LI HRBERMD S8R céfngﬁlﬁhcatﬁ)?x @ftﬁvﬁe%iey assembly 10,
di scussed. The processing system 2 In

whererthe dieterassésblyditf Gaguoetprise ang mrmer bﬁﬂow rbeetei ihahgénerates at
onse fromt hiél nt erf ace 201, generate a

least,g; &%%Ff‘éeom?a apgiepborliaeRts the TRetEE asssmhbiol0 sommkises a
Cori E]bdﬂ%r}ﬁét@# r@%ndtl‘feq%}nb%ﬂﬁnéﬂtOMe‘}g&%ﬁ&stsgﬁbg{ %/(9 a@é?@%es%

ast t sensor si gnal e nin

vibrgpingsensitdrhéter.The first sensor signal can conprise any
pi ck- of f sensor.si nal fromthe neter assenbly 10, as
pr B Bgtaryl fzﬁtr§@u:§ ot thig @rr&oetr@@rsn qag stre taednemaltec processing

F I the t 0._compar as
routl, R s Bt G RR e OB  PBoti se
procéssiigl btitihé 111@19 avi dRoaal PaGbctr8eReN 5807, anthematy ﬂnﬁﬁ}‘é@e routine
one flow characteristic falls wthin the anoral y

1403ppad p enomaly dlami catimedA04n myldcbmdmdersmo@ﬁlaatheqxube,ssmg
of e detecti It .shou be, under st od t hat the
systcf 20 Sar cfid, e oHIBRE P g TEen Al mara eeviously
disci4déd. ous ot her conponents and/or routines discussed
above. Conponents and/or routines in comobn w th other
e nBlozimeten tekacs?dma'ros 20amamnclodd earéabtes andndberking FdleesTeTey meter
el ectro S nbel communi cation with the neter
electng 9f %@S 1@6@h@¢ﬂ@%ﬂé§§€%ﬂwemn@eamldb@m O gore

anon?f'% gf@ﬁ&e {40 Bl &hndidtat 491?.”%%{18&1? ‘Iarr:gr?ﬁhl? and an

uency reépons A S
anonadys eotnityl 419, Gofh@iwlcsbéu@de@bd)@thﬁ tid goceRigl systeth 203 can

anot her enbodi nent, the neter assenbly 10 conprises a
include other variables, such as the variables that were previously discussed.

In operation, the meter electronics 20 processes a vibrational response that is
received from the meter assembly 10 (see FIG. 1). The vibrational response can
comprise a time-varying electronic signal(s) that is substantially continuously received
and processed by the meter electronics 20. The vibrational response can include first
and second sensor signals, such as signals from the pick-off sensors 170L and 170R.

The meter electronics 20 can process the vibrational response in order to obtain one or
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vi brating densitoneter. The nmeter electronics 20 of
this enbodi nent can store and execute processing

WO obi1B8$S The processing routines in one enmboRPKCTERL006/020188
i nclude a vibrational response processing routine

more oy BB PR S S e R AR BT

g
e O BoRe, LR BPApL i 0R s s desi. o
massrﬂnw ratesa tdlamevibove raepsto.oshey fitive clume@qnsﬁm@rweor@tpmplated and

are v%llg}eﬁ tggeosrc]:lq)]%é oﬁ&ec ggiugtg({q? %}eﬁ RS Ylﬁfaglogﬁ{)@ap%gﬁ,t including
any dRGHH) qgc? ﬂ?\gfdh]gf éf?‘f?@%’ ahﬂ%@@ﬁ‘ﬁ)ﬁaﬂl#%gnv@ i lcafiBE %sedaby the

anona an anomaly condition 141

mete BM’ﬁchaBaﬁIﬂbﬂd&% detect areneneiipinthedlow misdral flawing through
shoul d be understood that the processing system 203

the floynmieifél ude ot her variables, such as the variables

DBk HEH S a%vér%ﬁégwéns&w&ﬁﬁged bn@BR! AhLRM dilFphase shift

roni cs rocesses response

deschb@d abcve! @eﬁﬁﬂ)é/qﬁcfdycb‘ﬁt&lh@d neteftras settel ptldtOirt( Sderdove, the
). The vibrational response can conpris

ﬂowmh'mcwaxs;zcm@enebee@qtcmmed sibgemtialy nsiantapepusly. Otber flow
bstanti a cont i nuousl| ecej ved e
charfigiyEt ars or HeEPBMAIRY e REGm S e PACCERRR R e
detehﬁ‘i%hﬂ&r?s d11ths FlodNcha2 R4 cS 8AS proved Odbfintate$ A6V @fracteristics.
signals fromthe pick-off sensors 170L and 170R. The

The medrbyr inslaatineous ﬂswmamwmpm detsgmination(sh aen adyiaatageously

t bt
TR T T ——
the 1%?%%16055: SuseltBE t@&a%goteﬁ’stwﬁ e Bl ﬁﬂbs"té‘rﬁfh‘l’l@siﬁstaﬁaneously

erence tween sensor signals, density, a
determmedf dnomaliat & the ol nmterid] can baqmckbt and &dmea’te]fyl dstected.
characterlstlcs are contenpl ated a r WIIh n th
s c bpe apemeplycandaelnfip EREHIhERS AR 165 1t flgRamaterial.

The a oSG, 1f1 ﬁhéjglf&% og?{“d%gg ﬁf{HQWH{%&W\l The. anomal cagx include

al a terls I'CS, onal rrve gal n,

a soh'@ ﬁﬂth@)ﬂd\i"ﬁlat@kﬂ? r T‘hb eabmaly @8 112&1udd€1 amwdthah@oﬂmmuephm flow
anomaly in the flow material flow ng through the flow
matémaler The fl ow characteristics, when determ ned using

Iﬂg)%% és}iag%ctt%r?ﬁlé:a %ﬁnc% Sl g é Sr% glf gﬁéﬁﬁ&l@ﬂ)agge%%ﬁfou%ﬁ EEhe meter
asseM?ﬂﬁ . eWthﬂr@Slghﬂiﬁ’aﬁthﬁfoﬁfdlﬁ foves ﬁﬁroﬁgmtﬂéeﬂ(ﬂﬁ&ﬁ’céﬂ firdneter will

substantially Instantaneously. Qher flow
expaieacaet esiatamrsus shifthie firueney ansba q@irers@onﬂ@gfln@tqmmws shift
nce. determ.n t he

T WL T L Tt T
mat&PA" 36t %[eiqﬁéﬁé&fsof the meter assembly 10 can increase with lower density of
the flow material (such as when entrained air is present, for example). Conversely, the
frequency of the meter assembly 10 can decrease when high densities are present (such
as when pieces of metal or other solids pass through, for example). Likewise, a density
of the flow material can be used to detect anomalies such as air bubbles when the

density characteristically decreases. For air bubbles, the frequency of the flow meter

increases with the lower density fluid and the mass flow decreases due to the low mass
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The nearly instantaneous flow characteristic
determ nation s) are advantageously avail able for use
WO pooetiBrans det er mi nati ons, such as in the anonaP@T/US2006/020188
detection according to the invention. Because the flow
r I
o a0 AR of o B AL Shalty LR ARG ka o
detecpﬂuckla;lomakﬂesaccur ately detected. The anonmaly can
%ggde entrai ned as/air and/or bubbles in the flow
i B 1s aygraph Absriiequensy TepRINSeIECEsUS Hme; yiheraie thegrnvrard

ik BTSSRI S 8 il e

as aib bubbiks.i Thhase Iﬁht@ifilal‘ﬁ@ttﬁfsl XampldB Wateny ThenRedr @5deditl$ 30,
w | | change when an anomaly passes through the neter

when §idlegtyith W@ter vhids fove mgﬁﬁmalc@mlbmmwarﬁmem}r ofiajtout 132
T A AN T ——

Hz. TN&doahy seee Gtbn 84 éfaphﬁha&&% rﬂét&vassé‘mlslpq 0 is filled mostly with
density/specific gravity of the anonm differs from

water h Ftovesiver, e indieatedry éhe fibquehion spmes;wdtﬁcyx aif bubtdesrse through

the PR AREILRY KT S FheqanamEHOL AL bcraeh aT e 1t ab darh spike s
aboult QUO%@W{eﬁém tl@m’(ﬁfn% &4 dhe ¢ WLIH@ 1tft P&ﬁ[ a?foubBR tH‘f)tagsr through

assenbl'y 10 can decrease enS|t|es are
the metes essem(ok}utih Tke aﬁmagqofreqmcyfcormtaaés to rth@amagesd&nsdy of the

1ot 18 Bl RS i mbi o
dens@y o rRHPRLE \ggléiﬁoévflﬁ %q?ﬂt}e)épﬁhar acteristically

Creases. or arr e frequency of the flow

MeFBG. 16Bragaastsofding dely veavwsrtirdenshdriinftheidewamnerd Bsikes in the
mass fl ow decreases due to the | ow massof an air
timeylekgy ow (charagigristionagain feprpyras an Gn‘ﬁmélb’elﬂé]@e Haw/atetiphelhe

over L AL SR B . SRl RO Rl e e

chanigbeirlfwa delag i K8 tintk dd8y HE@aaRMerwdte ¢ sBRIRE) BtanGair
repr esent anomalies in a flow materi al, such as air

bubbi@:b@ftsesthrmlr@ the ooeterassemhly 1(h The shamgesrsl @Inlesleimrtcmn be related
The neter assenl wh filled with wat
to the inRrriaRcors a}a,sgrg% Fitpe Pl ntipe, 9Wfsrrsa@eﬂ%<§0%a§%mto detect
an adotRal§n thBoWetfErigssenbly 10 filled with air exhibits
a reSonant frequency of about 158 Hz. It can be seen
f r Bt K shogrsdpdyuehest reshensestessus amfdrlaysrﬂallelr s'ofd frh@ibn of air

di d by
in thF Fgh iyl p ecihonER {FPiAIACHOB 68 op s pHilGgh, Badlow

T e
metet @6semably $01 Feorhithegtabhf Blcas bé @éerﬁﬂa’@dlk alrBibbeestave passed

t hr ough
through the meter assembly 10.

_FIG. 18 is a graph of drive frequency versus fluid Specific Gravity (SG) for
water plus entrained air. In the graph, the value of SG for air is zero while water has a
SG value of one. It can be seen from this figure that the Specific Gravity can be used to
differentiate between the flow material and the anomalies in the flow material.
FIG. 19 is a graph of drive frequency versus SG for a SG range of 1-7. Solids

have specific gravities greater than the SG of water (i.e., they have SG values of greater
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the neter assenbly 10. The average frequency

correlates to the average density of the fluid stream
wab@ecabmamyes i n frequency therefore can be rel Bt BPUS1006/020188

the i nstantaneous density of the nultiphase flow

terial stre L g
an 75864 BBl G0 B 550 B s A WA e i
SG ﬂ?hﬂ%fpfdaﬂw 2BH\RIFH BE1 Theefagaivhet 8RHES QAth AdifRAa@ksity than

t | ow material. The average tine del a

the floov masqtn gassen thrblegtnthe magjer, adtesuehemchsinge wei/lchgwdthat can be

et B PPl o B2 T b, BBl S e g i see
as th® Hﬁ&hﬁ S}Pﬁﬁé‘ﬁﬁl tﬂlier 1%9:? wdd Hﬁ‘érﬁfe e@qggrrbi M ﬂh@ abddiRe of an

change ntinme delay can be related to t
anonalgt dihe drespescynfies chiravienbtic well mdvei dqmd$ tawards 83 Hz when

stream and. can, be used to tegt an anonaly in the
a stegl %\i}%m%qs,tgqoughfc@ mi@@ﬁ%ﬁﬁ’%ﬁéquency respgnse Ver sus
Ul Re hfdier® SR tc%rzovc%h@HMe@gIE%t‘?}pséifthé‘h1ﬁorh£1ytctlﬁdi‘ti!09VY412 that

materi al . ough t fraction 1s”| ower
ind1datBsEhGocdlﬂrerfch ef fHeawonaly The tietersdertroaind A0t cantsubkequently set
akes about 100 ns for an air .hubble to pass_throug 2’@“ )
the apﬁ@albeﬁlérmalééémﬁt yan perfeng pf Hatg sgpye, manneg 9f appmalydigndling

1rou‘[1"nh,§§9 ng%gé %ﬁot%ﬁbﬁsTﬁg}ﬁget&aeﬁ qﬁ%nﬁ& C?UJ S%J?g%cgﬁhﬁg increment
the BBl céﬁdﬂ!lldlfﬁlﬂ% chingts EHe’ﬂd/dtéc}ted &ﬁ)mﬁl@rcowditﬁ)hs pIThs anomaly

entrained air. In the graph, the value of SG for air
detegtipng émdicatifin, elamas.aindiseynbars@iscapied 1omeRaletal by e

t his fi Specific G t b
conj gt St AP DRI AD, he T ow mator i &l and
t he ARGRBAd @RletsloddBaf the\hdtBt &lbéBdnicd P > can Herafivalyde@iVe and

of drive frequency versus SG for a SG range of 1-7.
proc&es| thel yitiratienad p@ppﬁsec Ay awsulteﬁlegn@at eectrorps 2 earsd@toft

r ., they have SG v es of greaterth ..
oS eB ot BT T i T B S feTcs 20 can
I
S“b%%ﬁ%ﬁ RHaRla RNt it Oty Bl bR MM ocesses
overdins as yatidarenohelits paustiadoeph dhe flawsestet.hr ough t he

nmeter, a frequency change w || occur t hat caj he .
detl Be vilgatignal ﬁ@pﬁ%&e&r%w@grreﬁm% 14 recgives ey Biatigpal

respolt :{ésgﬁretv[hilsfyl cﬁ%’&urg?e&g u eaxllglaaglgg?f I%gI{?Of%g EBIEE%IM@IISV and second

sens8P&§iengle (Rt réfech fp@bponsd bEtHer @pusaayref fl@wconduits to a drive
characteristic will npbve downwards towards 83 Hz when

vibratia iwapossd lon dhgBewaneten rBmfgwbrﬁ@mbteépOWQmﬂsymg@Outlne 1401
er electronic ubse uentl

in sl s EiPb LS CWARCH A ar e R Bt omg or more

ﬂowahaHL@er?s@i@B’%f the fIR@ niWedredl. §he Q)tnéQ)E‘ infcte ZQwEhracteristics can
subsequent |y set

include a frequency response, a phase difference between the first and second sensor

signals, a density, a mass flow rate, a volume flow rate, etc. The frequency response is

inherently related to the flow of flow material through the flow meter (as are.all of the

derived flow characteristics). The frequency therefore varies with the mass flow rate in

the flow meter. The frequency also varies with the density of the flow material. For

example, where the flow material comprises a liquid, entrained gas passing through the

flow meter will cause the frequency to momentarily spike up to a higher frequency
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the anomaly al arm 1413 that can performor initiate

sone manner of anomaly handling routine, process, or
woodoefid@at i on. The neter electronics 20 can  PCT/US2006/020188

subsequently increnment the anomaly count 1414 that

valu€ Q4 hS Hfag%eln:jtﬁg FohP Hhe P AT YandARGhd Vf?)?éthn-gv ?esﬁgxl‘i’%g% gesme%orarily

det ect on, ndi cation, alarns, and count are

- less dampaat ey Aetvanhtebial. oFhdrafoeq hjywnuplogimewhe fast fieghidmwehdphase

...2000 of FIG  20. It should be understood that the
differgnce deterpiations dhe mete pleqtioaicst0canydatect epomakigndin the flow, and

an ne?t‘éﬁﬁ%lll% E}%ta\ﬁitﬂe%gg 'a"éléec{ tg;g %Hﬁﬁlieﬁslnlaard’éigﬁ% &]ilehgé{aer electronics

_ Fonics can detect” anond
20 iropetiaémbadiaientdn BGRRE bethe Hloft MR can LANHIBL BE anomalies.
el ectronics 20 can substantially continuously perform
t hEheyaepradly detret autingrl 402 limeng eabadisrani compersskesibrational

ver t] as _various a i €s,.pass_t.hrough the fl ow
resp s o i PR R e B CU AT B ruND ot psitina
respdifs0 Fall £k RhMES e tRBmYiyOsrBHionAll, HRBRAL SRomAS RHEY kY1402
di scussed, the vibrational response can include first

deteranitiesbebmianenslyris stgmehg t hat reflect the response of
T TN L T —
141% d%ﬁ%ﬂ%l&v@}!l"fﬁ@aﬁjo%y ki SRI o HROG) glér%fc%% WefeRESthe

e vibrational response In order to obt
occummenee 6f they anbmabc t lardnetendodirhent) éhef dnomaipieticat rodtine 1403
. one or nore flow characteristics can include a
lncr%%@ﬁ@?()@éiﬁb l4kd.nhase difference between the

fi . ' S
5 A RO PP D) S QaHRRELLY g e
14131 eBpoaioendl$ alanelrddBtday [péﬂbﬁh o ifitiatehmyfthaedbf bh&aly handling
material through the flow neter (as are. all of the
routige mroeassfrgwtiésatient eri sti cs). The frequency therefore
rate. w nmeter. The

vafl s WM.t h_the mass [f]0 in.the flo

{r hER Ry e L BRp B D SHSET Sl prop i i r0f the
meteFBEseibly 10.FThe OXHEROII rd¥BBAR 1410 SanQUnPH R dndmanner of data

conprises a liquid, entrained gas passing thfough the

storag,cches ecingillar quenss fortexempiee qllenviprationmbraspomsel 1440 can

spi ke . to a higher freguencyval.ue, . as. the, SS |
COmRrﬁss Cﬁ%@@f?ﬂ%@%‘?ﬂt@?%ﬁ# 4R gﬂfﬁ‘éﬁi}?ﬁ rsgaqabmspwggmg@ meter
. i o _
e APPSR SIRANL DYl LIS, ok i o
electdcdlfsegrmhc €hel etterativmd résposse 14HO mmtincludd Eedt adisécndGensor

R T AR LTI -
e 1 850 S SREE DS LTSI AREEH L

valus(iesl fr&fiendy epprofidtionde tegiination) thatis i ell frodhe first and
enbodi ment conpares the vibrational response to at

secondgpPsolHgnanomal y profile 1411 (discussed bel ow). |f
t hleh vl brati onafl .
¢ anomaly profile 1411 stores one or more profiles that are used in order to

detect anomalies in the flow material. Multiplé anomaly profiles can be included where
multiple anomaly types are desired to be detected. A stored anomaly profile can include
any information that enables an anomaly determination.

In one embodiment, the anomaly profile can include an anomaly frequency

profile. The anomaly frequency profile can comprise a frequency threshold that is
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response falls wthin the anomaly profile 141 1, then

the anomaly detect routine 1402 determ nes that an
w@rp@aaBbos1s s occurring. The anomaly indi cate roRPCT/NE2006/020188

1403 in one enbodi nent sets an anonaly condition 1412

. o |

O B g L R ey 15
vibratimabrdspohisenteedshike ananalyyfréquencatheeshold, ithen ddfRdmaly

i ncrepents the anonmaly count 1414. The anongly al arm

OCCUTESAET Heleirgunghicuiaste fbanFrsely. 48 egothrecahadaiont.dha apemaly
_ . A Bry -
ook IR RO a0B0, BRC OB G b e con

compribd 4 freqiidnen rarddeethui Bradbl©BEbel 6&#IRO SR cieddDfl S Vhefaceristic.

vi brational response received fromthe neter assenb
Whepgthe yihsatiqnat sasperss) is et thecanpmady Sgquensiypenge thenyan anomaly

t Qrag S sc.a circul ar queue, f.ar
occ FRATET Mlthey 1 860 YERaRBa kS ol LRl o e
phas@iagitl campbsipi6s ¢ Medn b o®f maferianak §%:@infé Ithé ahomh§Pdquency
received fromthe neter assenbly 10. The vi brati onal

range €8p bp secciiia ® & partisulap grs sudaaphasurah gas inomerude oflnbow stream,

and fis b r 1 R el R P8 SRR e P o
Furd Bigd erhB&dinfift, thOMGRAG 3Bkl Bh ik Qudehi &ﬁ?anéltk/gagmﬁ&de

first and second sensor signals. For exanple
profilé.nThe amomadly regpitndepbfildcanincludeland@momaly emphingly threshold or

an af Gty e Bt S ER R RPHGe YBEHiRE Segs o comprise o
denst 9?‘@%551‘:10\; Eﬁe?&oﬂ%te Yr @hgge' (ie?agla%}%liﬁgg LGRieORSE e%.lln  $However,
pf of | er 1o esin

es that are used I n or etect anonma

the dnomaly amplimide threbholMvhidepdaa inciad@btheprlot dtesactaistids. The
i ncl uded where nultiple anomaly types are desired to
anorpaly gaindisydediresheldiange savbarBovsrasthelav ansxpertedifewangterial

i hf QN t I n.anomal vy det erm-nat.jon., In
o AR A B 5D ADBIPLY S L SH P Bomaty
amp BRdaBhisHol @eaRe theRr8f dnohaly! v BRIy dtér8aHEN Y exist.
profile can conprise a frequency threshol d that

| skbeneecrobodieieniytimanomaly peefilelconinmudy & timef durgtienprpfile. The
: Lstic. W i_br at i onal d
time GBS TRD s Ry e Pl PRl BT a 5Bt o

mate?Tal Bhdr8Re8stics FRteRaMpNed thficaPdiSbubtit tehaak 'v&)iglt?énsﬂt through
anot her enbodi ment, the anomaly frequency profile can

the noetapasssmbly ¥ mcpbont Y00 arifisecotids (msp nlayfréqueque nesponse includes
range can conprj se freguency range that i.s above or
a freg iy, SPHE HEIbaPHIIOPSI CHANaR RS figte duration profile alone may

-be used in order to make an air bubble anomaly determination. As a result, when an

associated flow characteristic deviates from the expected flow material frequency
characteristic for a time period that falls within the time duration profile, then an
anomaly occurrence is determined to exist.

In one embodiment, the anomaly profile can include one or more of the above
frequency, amplitude, and time duration thresholds/ranges. For example, for air bubble
detection, the anomaly profile 1411 can comprise both a frequency threshold/range and

an anomaly time duration profile. Other combinations can be used, depending on the
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When the vibrational response is within the anomaly
frequency range, then an anomaly occurrence is
waledensi4ned to exi st. The anomaly frequency raPQEUSENG/020188
be specific to the phase and conposition of the
anorﬁﬂ8ﬂ?ln%‘cé§mg&[ Elrajre%a s to cfe)fgc@ci e1hd F&ea{]o%n'%l i SThaERENt
range can particu ch as
empr@@z‘sqmaémgpa&gnﬁn@ cr ude 0|I fI ow stream and the neter
el ectronics 20 therefore can detect natural gas
bubbbe esomalytoeaditiondd 18 |qan cPAIPSSe astso Hamable that frglicates whether

I d
=IEFF Y R Rsilime 2o it Fe e SRt HapicaR0 can
qu1cl%1@Q§I‘%ﬁ1&Sst@ﬂﬁHllyt 1H§{ﬁnﬂ%aﬁé&%|[59 Hétemhind IR eRBhMteASRIs! {Hdd@omaly
range. The anomaly anplitude threshol d/range can

Cond@f@wpiié’r Ekcan luéwgietap anonsay fin ewbstantielly oeal tinme ]'cmrormrfa@mple the

amonfo AP 411 G 1 Hride ol P ECgRN i W e B Rl i

assi‘dhgqgks&.{%ﬂrtﬁ@ hRter %Eéeﬁ?oly e eamby sé’t‘ RPEAT Wiotherwise.

d/ range can above or bel ow an expected flow
matbe aad)mallycnlmrnhhﬂécctemmcxmnme aNiate viahiebleithatdhdicateb an alarm

condiSROREe aeSsedn °Hé{4%gé?%a¥¥o%£%§ ThLE Rhenes namaly is '°°
deteﬁﬁfn?ﬁ% BE gcct,u?rl %‘ 3 {)h]rgr@ea&ur r QHT%H b ﬁ{é%l tgfi.ﬁ nt]ig'teysome

['e can 1 nc i on

manﬂeﬂc&’[rbunnq; Ipcddelss&ng,aﬁr motifaiisetabd pﬂﬁoxﬁlﬁd&iﬂrﬁig t@é afomaly. For
deviation fromthe expected flow materia
exanyplgr 4 drsehl &t degectgxhin félfeaﬂem mategialyibe @a@malylralm b3 pan initiate

o0 i Fhly i A hbahe O SR B R ARRRE et e cevice

etc. i ncl udes a frequency spi ke that is about 100 ns in
duration, the tine duration profile alone may be used
i nThe aeemaly oeukiel 4 canrbepisstite cammmbma@eomumena@s drhe

am@m{l@ﬂl sl A s a8 UL eh Pt O ToRsi gty or solids in
the FRALREEON] The ﬁn&ﬁﬁlyabohhfnm PEEAPSe T drAld 8t WelNifteldtsh of an

time duration profile, then an anomaly occurrerce Is
anongidy e lilne madmily @wing 1414 cambeinendneitedmhen thearmmorta lcpndition
rofile ﬁ i ncl ude one or nore of the above
141 ‘rséﬁhfé’nac@ PP+ IQ8EXAEAE- t i ne duration
th f@hﬁ (ﬁg&%ﬁ 2()'6@r 08 fg q&i&h{%ﬁ@ﬂé&' a?lomal%n} %ﬂow

det ecti on, anomal y pro rrse

mategial ﬂewmglﬁxyoﬂgh@ﬂbwlrﬂéteﬁﬁl@ﬁ)rdmg t@ean aﬁmaimeﬁtldMe invention. In
duration profile. O her conbinations can be used,

step dAQbridYiRERtionalRERONEPHS Rrosessad.e Lha Vitsational ssspanse ¢an hise

procgs%{sﬁ 211} ﬁr%reg gég&ert]gﬁﬁg toh%ﬁe ngbﬁg ﬁlgyvx? c%gag%c &?stlgﬁ € ?ﬁi E}lt%gfﬁonal
respEi@Iah $6mprisé atiest\eatisabdiRl ddnsdr s@aw Fhesx a1t Nehe dfe or more

anomaly is currently occurrin or exanpl e, because
ﬂowtqh@rafptqr@tlcseq:a@dm]@dc edrezmeneio the vibrational response, a phase

difference between the first and second sensor signals comprising the vibrational
response, a density, a mass flow rate, a volume flow rate, a time delay, etc.

In step 2002, the vibrational response is compared to an anomaly profile. As
previously discussed, the anomaly profile can provide information that enables detection

of an anomaly of many different types. The anomaly profile can specify a gas anomaly
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qui ckly or substantially instantaneously determ ne
flow characteristics, the anomaly condition 1412 can

WO p@oaat4es an anomaly in substantially real ti nmeCT/UR2006/@20188
exanpl e, the anomaly condition 1412 can be set to a

T . y : .
to belRebetOd. Bhlb URBY IR AR SBLGPE itefon! 1RuBR3RRMY to e detected
The andmalyirgefileldaa specified yolad atomdls 13 bedstectedpri Se a state
varh%bl e that jndicates an al armcondition. The

an&iaryomplymiptleran dagudear appligidemopdilgn schas aarseplityde
' | | h 13
anorh ity U ATl 1 bfhoRFL RO funell 1R MTRHOQABRN dib'chmprise

ate so ner o

a praftle o€a Steq@endy, dawdityf oC@abbflolqateefldve chats®estyri ng the
anomaly. For exanple, if a solid is detected in the
f | She Aegaplyarofilerran dpcdnde g fegnuenaypreBles avch a5 a frequengy

' ay to_an operator an_initiate.an .
anori)9 W S bl AaBREY PHE5 md Mo bR oMl aciBming an
anon8A&lY i tHeAfldwaddletdg. used to count anomaly occurrences.

The anomaly count 1414 can count gas or air bubbles,

potkeasomalyfpseBiegan incjudels timer dwotioniprafile.t Wke fitmewluration

terial. The anonaly.count .1414 can be i.ncrenented at
profil e st 31 BIPD 44108 ARGl FrPORs AeaigPot B A appcted
respGitR aBEordiify ®MROHER dPsbd fergniomal y condi tion 1412 is
set to a UE state, for exanple. FIG 20 is a

f | She hrorhalzqeofilefcan comphise aftmbbibeprefitd, igrladihg awair bubble
profioy Bhe Hudidr Brofe o0 airoeu SRBRUNgIon Hp s iSuenay. and/or
timeSfa s%lgé%%ﬁli@atg 'aﬁfaﬁbfnagﬁ&'n thEFRANRE A Pﬁ&ﬁ&%gg)‘ie, HdBubble

an ep or r’'to

vl brational response rocessed 1n

profiteinesns sirbadiment caninelutit aviretfnanactteésheld 6Bfreqiir@cies above 135
vi brational, response can conprise a first and second
Hz agd adipe dnighian of abgyt 180 ang veherq Hie Bows negtenialis weteswnd the bubble

s AT RS e—

contérhpBitedaitdl £€%AIMh BRNSEPe 6 BRAUScrHRITN Arki dainishe
vi brational response, a density, a mass flowrate, a

voltgheultlhewndarséoodethati thre ademaly, prefite caminsiudp oae02martief the
s AL P SRR, S BRI AR i o
matefRNakd R AR dr RLRE PRdeRrmliRL arﬁﬁh?ﬁ#ﬁy}eg fhAGd &gjregieidﬁg the flow

anomaly of many different types. anomal y
mategiah specify a gas anomal yto be detected. The anonmaly

el a005i S irniiguag Fopone: aneigaly Rl arode, then the
e IS4 B ohc it T BT TG LB 2004
2005.

In step 2004, because the vibrational response falls within the anomaly profile,
then a shift in the vibrational response is detected.

In step 2005, because the shift has occurred, an anomaly is indicated. As
previously discussed, the indication can include multiple actions. In one embodiment,
the anomaly condition 1412 can be set to a TRUE state as long as the anomaly is
detected. For an air bubble in a water flow material, an air bubble will typically take

about 100 ms to pass through the flow meter. In one embodiment, the anomaly alarm
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char act er| stic. The anomaly profile can include a
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AvERERREY BY SRS aa8 A8 WP eI DB LA g meter
elect?c?}mﬁée&f%%%Sﬁ'ﬂlgﬁeﬁ tﬁ@ AR, yl“lgé/ @ggnﬁ@‘% Afic ?%flatagg]\rately

w nmateril a n'ste eV| I ona

detectesion aaomalym T mvéﬂita)rmmrﬁﬂtact Rhoklies subsrAtibine
nmet hod proceeds to step 2004; otherw se, the nethod

instapfagpedy Aheimengee pssanpambadinmtsand wids spmediuy conditions
can @ﬁ%ﬁﬁﬁletaﬂgp# gr ational response falls within the

prori then a shift in the vibrational
r eSRONSeniisn 041 88k&th gdsbudbRAN4ROAowhasRHIE Tﬁbem%@ﬂlﬁdn can
has occurred, an anonmaly is indicated. As previously
deteqtiagcirsadble irhbeiflei vatdroh Eheinveotion eamoduritpirdubbles in the

flow el e IS ioreaae oot ol GO aies OLRhipy in e Tlow
mateH@l. ePﬁ@fﬁveEQén 84h &téct%%ﬁl&ﬁﬁd@ iV Sov o‘gérf@t his ‘?ﬁventlon

an air bubble wll typi take about 1
can ddtead wglhds inghé iflow metegial. Tine miveniodcali coamit solﬁdsanan@ﬁabw
al arm413 can be set to TRUE, wherein the alarmstate
mategigh performor initiate some nmanner
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of anomaly handling routine, process, or notification.
I n one enbodi nent, an anomaly count 1414 can be
wo pcasEmnt ed, wherein the anomaly count 1414 cPOMUS2006/020188
occurrences of anonmalies in the flow condition. For
We@Fan'pl e, the anomaly count 1414 can count occurrences
as bubbl es, air bubbles, or solids in the flow

1. M‘&Eﬁéléé%fomdst(%}"ﬂﬁ' dbtdeing %C@d'vﬁ bRedakiata fidie n@eﬁéﬁzﬁ flowing
met hod steps can be iteratively perfornmed. As the

throwglba ﬁt)wcmaier (Osibsnmeter sleetommm sbyprisiggi ved, it can
b t d d ) )
vt i O B P BRE o e R Ao ﬁ?ﬁﬁf%ﬁ@ﬁ%}a& with
the x%; F’fﬁ@ s;aae sd pLEBhS Y 1eé}§t>a %pmkb@ﬁgﬁana% sAebREdetdor

d substantially 1n real tine.
s1gnﬁ1| amd:hart therefore | oops back to step 200 1 The

0 BFRSCBE BT L7820 ISP G ST T Bee QD) and
coniggﬂ&?{dg%g iSe bk ﬁﬁpﬁfonltapreggﬁié% qf‘qn% ﬁi’eeﬁl?érf]a%g X@(ﬁ‘f)aggrﬁaratb fa ninety

Advant ageous enpl oyi n

degrfet pharersaift &oth mhzfﬁet sdmts@rsagman@ gsnerhﬂ&elt teziseone flow
el ectronics can detect anomalies in the flow. The
charpefgestiq wingatrea ﬂafkflsﬁt senson signrland the pinebedegres phgye shift,

detegﬂ% Q?Jgﬁ? Ii,‘tgqh‘felbrqt onCs% i ﬁ%gta? %:rt]astacgh%%\kf %ﬁaracterlstlc falls within

neous e invention

P’Rﬁﬂé @GQn@l@d@ranSeﬁi@ﬁlaﬂﬂf eundifoglhd & @ék‘&thﬁ’mhe detectlng
quant| he anonalies. The invention can detect a gas

bubble in the flow material. The invention can detect

2. Wafensfguns B0 Shebt T Fom asupiare ChALAH B f aReiie
confi egi&;&g{ﬂzrathygglogm%ﬁglndarl es of bubbles in the flow
terial.” The invention can detect foreign liquids in

the flow material. The invention can detect solids in
he fl o mat er i h vent| Qn_can count soli i.Q.
ARG (20) RC T In et A OR P RIE SeEb (030 further
comffi g\e,:\d&iﬁé ﬁ%%frlgﬁaﬁ)egﬁog (;t@v@ pnét;ét% é»rfn;% %eﬁerfahﬁﬁv d@ﬁeﬁii'in%l detecting, and
indiedtggt roni cs (20) conprising: an interface (201) for

receiving a vibrational response of the flow material,
with the vibrational response including at |east a

ebieE RARy A7 o2 B, SAARE SRRl oo BRE o Coriotis

ﬂowﬁfe@ﬁf ace (201) and configured to receive the
vi brational response fromthe interface (201),
generate a ninety

5. The meter electronics (20) of claim 1, with the flow meter (5) comprising a vibrating

densitometer.

6. The meter electronics (20) of claim 1, with the at least one flow characteristic

comprising a frequency response.

7. The meter electronics (20) of claim 1, with the at least one flow characteristic

comprising a phase difference response, and wherein the processing system (203) is
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degree phase shift fromthe first sensor signal and
generate at | east one flow characteristic using at

wo e@sti3d4he first sensor signal and the ninety BEDUS®06/020188
phase shift, detect a shift in the vibrational

R PRRRISE ol S-S, N AIBCECA b
phaseahift, thofirsasersor signall and tHelwecoled sekbnggnal. The met er

electronics (20) of claim1, with the interface (201)
including a digitizer configured to digitize the

i . ter .el i,.CS of ¢l aim
s. THERSRL SLARlcs o) J00GIR Lo BE BBk (R Pl
compisihp @hest diffetdnee aéspoabe, ape RiREEh tReproeRing H8tem 2203) is
gener at i n(?, conparing, detecting, and indicating. 4.
furthep sophigused tq gencrain psscqmeyinety deigedernhpse shiftfram éhd sevand sensor

s . B8 D B i
the s6&OnCHIABE RbR@ phayd it ’:cHéEfn‘g?&%"s% ! ezﬁ,rae%ndletgg E%%g%ﬁﬁor

. electronics (20) of claim1, wt
signdll ow characteristic conprising a frequency response.
7. The nmeter electronics (20) of claiml1l, with the at
| east one flow characteristic conprising a phase
5 o L R e BT
comypiiifihg asar®r sEppbiise dekiyngspdise.ni nety degree phase
shift, the first sensor signal, and the second sensor -
signal. 8. The neter electronics (20) of claiml, wth
I . | St.i i S -
10. THE nheri R onRE 20 SRR R G BN Doy
commysihg mnfR0 Bowi mitd tespbrese. configured to generate a
second ni nety degree phase shift fromthe second
sensor signal and conpute the phase difference

eusin i pety.de e ase shift, .the . .

1. SEERRBASITENRS A0 SRR LG B RIBRC AR Db caeri
com@iigﬂgih,deﬁﬂg;&gﬁ)rﬁ@_cond sensor signal. 9. The neter
el ectronics (20) of claim1, with the at |east one

fl ow characteristic conprising a sensor signal tine

lay re nse. . Jhe npter electronics (2Q), of, =
12§ Rty SRADRRs (2 e Tt T i Tro BiicBha Sebanbiseiidicating a
solids @fiBfkfj Ny a mass flow rate response. 11. The neter
electronics (20) of claim1, with the at | east one
flow characteristic

13. The meter electronics (20) of claim 1, with the indicating comprising indicating a

foreign liquid anomaly.

14. The meter electronics (20) of claim 1, with the indicating comprising indicating a

gas anomaly.

15. The meter electronics (20) of claim 1, with the indicating comprising indicating an

air bubble anomaly.
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conprising a density response. 12. The neter
el ectronics (20) of claiml1, with the indicating
w@eovpnB®ifg i ndi cating a solids anonaly. 13. TPET/DE1086/020188
el ectronics (20) of claim1, with the indicating
r AV .

16. FRERIckS P dftsab) Becifig & St Il 3B R ing Rrting an
anomdlgliateati eehdétdsrpr i si ng i ndicating a gas anomaly. 15.

The neter electronics (20) of claiml1, with the

i ndi cating conprising indicating an air bubble

. h | ect L.€S. (20). of claiml. .

17. BPRR Aot (5] 8 1Bt SRS ipnfuplBorementing
an angrALCOHRLI ti on. 17. The meter el ectronics (20) of

claiml, with the indicating conprising increnmenting

d t & 0Q: W

18. Al BB acOle o A8y BRI R 1R HREFLICKR Bt o flow
meterethe methb@ comptigidgconpri sing: receiving a vibrational

response fromthe flow neter, with the vibrational

r eERSIYdRE  Nlrdinnagresponsedsemahg flowrmelenswith giegribiatianal

e . sensor. sk.gnal : generat i a ni.nety degree
rosp e IR T R SpaseC HRBRN P R gl Pty SERAE
gepéieratinida AinelyeddpireOpifist kRIR BOHRIAE FRdtishdor sibdlaDNshPgenerating
| east the first sensor signal and the ninety degree
at legsit gse flom ¢haragenybimnising atHeasathd fiss sensoesighalvend the ninety degree
h chﬁ@gcteri stic to at |east one anomaly profile;
Phas§&feteting a shift in the vibrational response if the

at cérﬁ?%‘iné)ﬂl%_alft heW GRAMAS CRAdastelistié & éltsleéfgit )%Hé Qn(}}lﬁfﬁ?/ cPrl{Oﬁle;

anona profile; and Indicating an anoma con
asdetectorggid shififin tlevidedtonnl regporks .if tHeat iekhadt H6w chaiaoteristic

18, .further conprising iteratively performng the
fausr"@@%?&?%@}“@%ﬁ@i‘@@?hﬁ}d conmparing, detecting, and

i ngj i Jém;ﬁ [ ith the flow
ne?féi?cadqé% %P iaé?rﬁlgigggo r |%?€Ss£%sgf\}v%%eé%te% "The met hod
of claim18, with the flow neter conprising a

vi brating densitoneter. 22. The nethod of claim18,

19. ‘hhe methnd oft clpiant, fyrtbert qasmprisiag Herasivelytesformingnibe receiving,
gene‘fzﬂ{Hg, 'cgrlnggrir?g,fd’e?e%ﬁgg,c d'ifaR? 15’5'

20. The method of claim 18, with the flow meter comprising a Coriolis flow meter.

21. The method of claim 18, with the flow meter comprising a vibrating densitometer.

22. The method of claim 18, with the at least one flow characteristic further comprising

a frequency response.

23. The method of claim 18, with the at least one flow characteristic further comprising
a phase difference response and with the generating the at least one flow characteristic
further comprising computing the phase difference response using the ninety degree

phase shift, the first sensor signal, and the second sensor signal.
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23. The nethod of claim 18, with the at | east one flow
characteristic further conprising a phase difference
wo empasEes and with the generating the at | eastrPonesioneoeoiss
characteristic further conprising conputing the phase
se. . .
24, S HRRIEGr ABRIRSEH TR LIE Rl DL AR SRR 8By cqmorising
a phadegtifieredde rdspenseinionith thecdedieratib, thivat Raéthedow e@fhcteristic
one flow characteristic further conprising a phase
further £PBPERBE: r esponse and with the generating the at

l e e har actieristic further conprisjng: .
gencnitifi SOl AT el bt it B BRCRF vl ¥t gt and
s ecRPuBNERphak& dffererR Qeﬁﬁﬂﬁ’@ﬁéiﬁ? tR@inBRaRBree phase shift, the
di fference response using the nine degr ée phase
secosflinfnety dpgres pbasecshift.ribe firdsersoe sigmag @nd lthe secondheerfsor signal.
sensor signal, and the second sensor signal. 25. The
method of claim18, with the at | east one flow
25. Thanas hBdlhfn f1Yr k i i ' isi
L TR S o, e Rhen ¢ Pprsing
a sermpr bigasl timnelefdyawspomag.act eri stic further conprising a
mass flow rate response. 27. The nethod of claim18,
with the at | east one flow characteristic further
26. %gﬁ{é’tﬁ%&‘%ﬁaﬂﬁ gg,' Wifh HESRIERE oné Bow ﬁ%ﬁk‘ﬁ% g c%élgﬁrising
18, wth the indicating conprising indicating a soli
a maas fowl tate 28pordsee net hod of claim 18, with the
i ndi cating conprising indicating a foreign liquid
anomaly. 30. The method of claim 18, with the

27 YRESEEAANG SRR A\ ORISR e Fcomprioe

a dehdiyiregpdr’g. an air bubble anomaly. 32. The nethod of
claim18, with the indicating conprising setting an
anomaly alarm condition. 33. The nmethod of claim18,

2. ¢t et SHShaR oM A biEblie sOSOR Pow ifnre S ANE ¥
anm{lgl@yv material flowi ng through a flow neter, the nethod

conprising: receiving a vibrational response fromthe
flow nmeter, with the vibrational response including at

29. iﬁg %tg'ﬂ?ocf of Gclginﬁ’ ?E,Sv?zlrth %Ille%rr}g{ca’ggg cgmgﬁgi%gqngiggt%% ‘a foreign liquid

anomaly.
30. The method of claim 18, with the indicating comprising indicating a gas anomaly.

31. The method of claim 18, with the indicating comprising ‘indicating an air bubble

anomaly.

32. The method of claim 18, with the indicating comprising setting an anomaly alarm

condition.

33. The method of claim 18, with the indicating comprising incrementing an anomaly

count.
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generating a ninety degree phase shift fromthe first
sensor signal and generating at |east one flow
W@ b@ocast4es i stic using at |least the first sensoPCEHUSINA6/020188
and the ninety degree phase shift; conpari ng the at
e
34. An%?}{a o‘arfgr %; }9{ %@?;g{: ohrqatly ﬁl%ﬁ]p%tmﬁ e VI %?rgg@rour%jlaﬂow
metdreﬁjeoﬂ&ﬁodﬁ:oﬁipﬁsmg | east one flow characteristic falls
wi thin the gbs angmaly profile; and increnenti n%
buBEw % a vibragonal response Hemthe flgat meternyith 85 viprasional
ng {dterative
respBFsIerlﬂgluﬁ{n %t%é@t g‘hrs s%fﬁo@ %g%u;éfé?fgci 2 %éco%g g%solr IS}%lal

he™recerving

d ebesdrhtit a Attty ﬂ@g@é’@h‘ésb REift #6m the Qir@@ehﬁ& s%nat hAd Benerating

34, with the flow neter conprising a Coriolis flow
at leﬁ@toep Hlogw charpeteristitheting ot leasaithn fivsf seisphsighal dnddhe nistetyr degree
h ising a vibrating densitonmeter. 38. The nethod of
pas@l 34, with the at | east one flow characteristic

fu E:bﬂﬂﬁérﬁé’fﬁydt%a{w ofie ﬂb@%ﬁﬁ%ﬂsﬁé re@ael%ast% as Ehemaly profile;

nmet hod of "claim 34, with the at |east one

chdetactimg & shifcinfthe Nﬁeatlmhmspsmsegf thepdideast dné ﬂewecrlnamctenstw
fallsre ogﬁe and with th enerating the at |east one flow

C

SEASTERLY P P»?‘Rﬁlrrprl sing conputing the phase
di [ ee phase

Shﬁcﬁrﬁgﬁg{gi@?g@ggﬁgﬁﬁg%ﬂg Qfﬁggi&%ﬁggecoﬁd sensor
Si gnal 40. The nethod of claim34, with the at |east

| ow characteristic further conprising a_phase .
35. grihﬁf@rﬂé%@ I ¢laup 3 s BIrtisE cQnpHsing étegeéW@LYaﬁqrgfgmmeﬂmrecemng,

rther conprising:

genér&t@%é} Cgﬁlﬁ)ahgg\é\%eggﬁ hlgrgdeitn%}é enng phase shift fromthe
second sensor signal; andconputlng t he phase
di fference response using the ninety degree phase

36. dhemethedhefl elamAd, withdbs/flawgneler prmapusisgiafGorialisdlavw mster.
sensor signal, and the second sensor signal. 41. The
met hod of clain134 with the at | east one flow

37. TR8MAGhEd bélafin BUT mﬁ&h@ﬂmrm&bﬁamﬁ S8R grw@ﬂaﬂﬁ%heﬁéiﬂasﬁleter.
del ay response. 42. The nethod of cPa|n134 with the
at |least one flow characteristic further conpr|5|ng a

38. gt of Shinat. GG 1 ehlrish ARG SPBrsLetagersie gher Compriing

aﬁe%ggﬁgfyil%g 8 denS|ty response. 44. The nethod of claim
urther conprising setting an anormaly alarm

condi ti on.
39. The method of claim 34, with the at least one flow characteristic further comprising
a phase difference response and with the generating the at least one flow characteristic
further comprising computing the phase difference response using the ninety degree

phase shift, the first sensor signal, and the second sensor signal.

40. The method of claim 34, with the at least one flow characteristic further comprising
a phase difference response and with the generating the at least one flow characteristic
further comprising:

generating a second ninety degree phase shift from the second sensor signal; and
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45. The nethod of claim 34, further conprising
i ncrenmenting an anomaly count.
WO 2006/130415 PCT/US2006/020188

computing the phase difference response using the ninety degree phase shift, the

second ninety degree phase shift, the first sensor signal, and the second sensor signal.

41. The method of claim 34, with the at least one flow characteristic further comprising

a sensor signal time delay response.

© 42. The method of claim 34, with the at least one flow characteristic further comprising

a mass flow rate response.

43. The method of claim 34, with the at least one flow characteristic further comprising

a density response.

44. The method of claim 34, further comprising setting an anomaly alarm condition.

45. The method of claim 34, further comprising incrementing an anomaly count.
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