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METER ELECTRONI CS AND METHODS FOR GENERATI NG A DRI VE
SI GNAL FOR A VI BRATORY FLOWETER Background of the
wo pooefsi3on 1. Field of the Invention The preseP€T/US2006/035706
invention relates to a vibratory flowreter, and nore
Mg;aqﬁki;ﬂﬁé‘rk%ﬁi’cg%ﬁb MEFIOBY FHIE thR &% DRIVE
enerating a drive signal for a vibratory ownet er

2. St at emyIGNAL HER X MIBRA YOR R HIQWMEKRER sensors,
such as Coriolis mass flow neters and vibrating

densitoneters, typically operate by detecting notion

of a vibrating conduit that contains a fl ow ng
B“k%‘{‘s}‘mﬂhep’fﬂ’xg‘é’i’?? es associated with the material in
1. Figpgeofqp@g%h,;io,ﬁuch as mass flow, density and the I|iKke,

can be determ ned by processing neasurenent signals
r ddeipvessnt inyentinn teddies ioamuibirterystlauBster sarsimare prriipgarly, to

conduit. The vibration nodes of.the vi ti. .
meter SRt SFs FTIPENOLs Lt o genae acty Earaith 3Ll gy fqpgmeter
2. St&z‘é%hﬁ@ﬂh%ébleﬁﬂ i ffness, and danpi ng characteristics

of the“containing conduit and the nmaterial contained

t R&beiting candyip sewbrsCsudhods Somelssmpgsoile wianatersiangd Vikjetng

.one or nore .conduits that are connected i.nline,i.n.a :
densifelPn PR L ORERA!S P ASREHHE BRI Ana-retifg syttt contains
a ﬂovﬁﬁg%é’c@}iﬂ. @rg]gertifeé WisHSiated! With HRSmARA L Paht tbfduit, BuétEs mass

syStem Each b d as h t of

ondui t nrgy e viewe aving a se
flow, nizhsityhnd/iberikiei cm beoditernined bgipnogessing neseametrent signplse
.bendi ng, torsional, radial, _ an oupl ed des, Inh a
recelYaplirem metien BRHuRLS §S%C&W%é£dﬁ%ﬁf€‘}@”a ;‘B}q hyatigh mades of
- a
the vIEREH bplepElfbd i RfiRa0l SRR S U MDA nSe
stiffneégdud Hainpingeaticedistts pbihetconmhriag donduingnd the material

conduit., Excitation is typically provided by an
contazradiie®in. e. g., an el ectronmechani cal device, such as a

o FFE ol el ot S ho B et h 8 PR f Be®

connERES #llinkddn hipigsldel il tRhaset Bystdm kad cesvdehweeial, e.g., fluids,
nmoti ons at the transducer |ocations. Two such

slurries and thedées ir( te systerofEachaendpi mayrke tigype a6 hyving a set of

empl oyed in.order .to peasure.a vibrational, r nse. of
naurfBLYE EaARUR g2 BRan oIS sl b )R g AR ang
couplefGRb&S:. ah aRPSICHT ORFolPShECREH MshseWst A5 Batibn deonduit is

actuator. The two pickoff sensors are connected to
excited conooi moiatabratiopmeddses abyateeinl flowys thrpregh the conduit, and

N ns}rumenéat Lon . . e
motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
transducer locations. Two such transducers (or pickoff sensors) are typically employed
in order to measure a vibrational response of the flow conduit or conduits, and are
typically located at positions upstream and downstream of the actuator, The two pickoff
sensors are connected to electronic instrumentation by cabling. The instrumentation
receives signals from the two pickoff sensors and processes the signals in order to derive

a mass flow rate measurement.
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receives signals fromthe two pickoff sensors and
processes the signals in order to derive a mass flow
WO atog/0sBascur enent . I n addition to generating flBET/US2006/035706

measurenents, a flowneter's electronics nust also

g . =y .V% i \ .

o5 P8Py T bt R AP mespiEnilin s 8 R piRBlor SRUA hicg must also
generf@d drivd digaule Mty diivatkigaabdlontd aptimaRy drife dw vibration of the

characteristics neasurenents. In addition, the drive
flowmgtefratior igaid freavaisl dhat g8eblanacqueite dlove charagteificst t he

vibratiqn. .Eurther vt L ' ' e
measifeofty dagtch e s o RN g SO R g Pl R ot e

vibrath b B IR rmoR @ N v §igh4 & hSeldwniable atherabdavktiael) dibferstic
probl ens are solved and an advance in the art is

operatiohd ef/ibd flavrmoeigh t he provision of a meter el ectronics
and ho f.or generating a drive signal for a

Sumryppy g{s@ﬁ/g‘fﬁfl&ﬂﬂet er. A nmeter electronics for _
9§RehLALYLE an@oﬁlg_t ¥RLEENRL sbRled andiaRrAk e ihtRWRELicHiSved

provi ded according to an enbodi nent of the invention.

througlh éherprpeisiel et moter electronios psdmetlrodsifoegéreratifag drive signal
\‘réiﬁcei Vi g a gensor signal fromthe vibratory flowreter
for a Batﬁrypﬁ WBES'ng systemin conmunication with the

|t ﬁ{eiéce?%ctrmﬁzs%logéﬁ?‘dtgl% SEHETLhS PRV IFMoRH Ib@meter is

receive the sensor~signal, phase-shift the sensor .
provid¢damiordingso aneinboliiynma ofl dgrieesntian. cFleametea electronics comprises

. phase-shifted sensor sigpal, determ ne hase shift .
an in ﬁp%fqrqycﬁflwa&aa%amam@% THEIBY IQI%%CF pPpipessing

s TR, ST R b e it b
receivath@lsefdor tston@ & pan st shifl thly seneorsdignallsubFhetigityodededrags to create

systemis further configured to determ ne a sensor
a phagg-gified sapior signel, Cesrminge Rinse shifsyajpa (0)drem areequency

h =shifted [ [&: [ .
B g
sensof BRndl hrv@theithadd-sihas erisér Sidhsltiamrilé toysehelart d ddbve signal. The

sensor signal phase. A method for gener até&g a drive
processiggaystburis fughdscanBgyred to dptermine] ssopsensiged ammdisnds figm the

sonsch 3B SEROETB 58 SR ERN SRR ERRL yepplapcs
based bOMBELGLor sThR1 ARIpNAMe! UtehBive bR 1B RasRarhilli tilagical to
t he sensor signal "substantially 90 degrees to create a

a senpirasgrad phfiteed sensor signal, deternining a sensor

signal_ applitude fromthe. sepnsor sjgnal .and the. .

oS SeE R SaHuB P GGl T QRGBS Rpevided
accordifR arPSRbbdiHiat HEHE T RAAtbRE THEMEQhoS bOMBtises receiving a sensor

signal from the vibratory flowmeter. The method further comprises phase-shifting the

sensor signal substantially 90 degrees to create a phase-shifted sensor signal,
determining a sensof signal amplitude from the sensor signal and the phase-shifted
sensor signal, and generating a drive signal amplitude based on the sensor signal
amplitude. The method further comprises generating a drive signal including the drive
signal amplitude.

A method for generating a drive signal for a vibratory flowmeter is provided

according to an embodiment of the invention. The method comprises receiving a sensor

2
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anplitude. The nethod further conprises generating a
drive signal including the drive signal anplitude. A
woreaohoss3for generating a drive signal for a vi BEBUSIM6/035706
flowreter is provided according to an enbodi ment of
. | . .
s Al iPLF Ay SERRRTEL R cCREBEL 3885808 b AS Bty 9
degreBhas@esBial fHang shifedsemswosigaalynall dstebsimng balhkye S0t value (0)
degrees to create a phase-shifted s%gsor sn(gnal, and
from d Sregnpnayi Tegpenspieidhe whrateryiiawmelel) The sthod Fatise aepprises

f the vibrat f | :
comt 3R Bk shPE LAY o AR Sl TP O singd sncor
signaMrt dtdbiN@ SRREME a T8 Blgnal AT ErivhEgeal Shakd BdubSasYlly

signal in order to generate a drive signal. The drive
identishloal sephersegnal phagsst antial |y identical to a sensor

[ | . A nethod f t.4 ' i .
r o DR BE EepelFo e pendl B ool Habrg b [ Bliges
acoorrﬁgggcg'aﬁ%@ﬁb&ﬁmteﬁﬁof thY %E]\;eihﬁf&q. The Rh P EorepARsir8&Sving a sensor

Iving a sensor sig romthe vibratory ‘
signaf fromnthie erbrapiraSevahetet, ipheset sheftawgrtbe sersog signal substantially 90
substantial ly 90 degrees to create.a phase-shifte
degreh R ePoisi Gbe- AL TR AT SR SR RBA DRSS SUT(G)e (©) from
hend/E MBI the| MWEEBIHEH val
w o B A Bl A B AL e IR value
(0) witnk®sersbysighaland thbehpieesheftehichtedsi gl swordsir gm génerate a drive
_order to generate a drive signal. The net h?d fglrng% !
signago e MsEROGBIFBCHE MRS deEAEPMNEAGHRETOr She1a! AT m the
¢ . L. b . . .
sensel B ERRP b TH B8y A by BRAREER oo AR Bt Sk Amptitude
base® GNERY sefb@Hgn A Aplplinadbe . ThENdivdr digieal phaseals spbstseially identical to
substantially identical to a sensor signal phase.
a senpeipegnad phasa he | nvention I n one aspect of the neter
el ectronics, .the phase-shifting is perfornmed by a
ASPGIQIEPo%tIrtE‘e&Pgﬁ%tf‘%?m In anot her aspect of the neter
el B ¥p &t of tRemRrSRcEBILE, thahhﬁe(ﬂﬁﬁﬁgﬁ@?bﬁeﬁn@ by a

conpensation value. In yet another aspect of the neter
Hilbet gensfomitcs, deterni ning the phase shift value (q)

conpri ses |inea correl ating the fre CVi..Lespo
Mo R S deE) PHLBeFEr B BHENTE PHeBrba g FPBaIY
cmné%@mﬁﬂﬁﬁﬁuéhift value (gq) . In yet another aspect of
e nmeter electronics, detepnining the sensor signal
aripl yet anetheoagpetsesthe ewéndlengroaicsAdesmninieg the phase shift value

representi t he sens [ I
9) comgrises 1inea?lgf correlatglg the frselqge%%y’r%ponse to a frequency/phase

ises a

(O=(D

relationship in order to produce the phase shift value (6).

In yet another aspect of the meter electronics, determining the sensor signal
amplitude comprises receiving an Acoswt term representing the sensor signal,
generating an Asinot term from the phase-shifting, squaring the Acosot term and the
Asinot term, and taking a square root of the sum of the Acoswt squared term and the
Asinot squared term in order to determine the sensor signal amplitude.

In yet another aspect of the meter electronics, generating the drive signal
amplitude further comprises comparing the sensor signal amplitude to an amplitude

target and scaling the sensor signal amplitude in order to generate the drive signal

3
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generating an Asinwt termfromthe phase-shifting,
squaring the Acoswt termand the Asinwt term and

W 20071085326 square root of the sum of the Acosw PETJUS2086035706
term and the Asinwt squared termin order to determ ne

amphlnllfge @le'tgr éeaé%g%ghnag:n@aseé Hzpea {;(Fmé ngt?n?gén%?@%tal Qﬁplitude

to th Htﬁg@leﬂéé{rther conprises conparing the sensor
al anpritude to an anplitude target and scaling
t ﬂn ystenmlnersasm jof Hrepmiten ql@ctrnm@ss dbe Draseefing ﬂéﬁt@ltl%@rther

drive s tud I|n bei ng based on
conﬁgq*rédésﬁfa%? at}?g‘rg‘fe §Eﬁ§{§1ﬁ gﬁlé § "D t?udegt o the
arp é/'ef é&g)‘?héraarsgﬁét of 'tHb eter @l’é@ﬁbﬁl’bs aBp 9?606@%1@ Bestertiefurther
el ectronics e processing systemis further
configarflitg dhiep theodru:\m signalhae a drartup ofithmBdwateter, withrthe Shlé)“ng
the fl owneter. T et anot r as ect of th1 mﬁ
COMpBISELE PHRFPEE, hFENI O IIBPIG T 4nges PRIHBF Tlowmeter starts

olﬂf}}felg &'ﬁ(ﬁﬂ?r a‘gp 8& 'orf ri’het xﬁx%teg el e\é?roﬁi c¥ r‘tﬁh_g%ce_@mﬁ & ayded i9Further

I ng conpri sing sweepi ng
conﬁ?ﬁfe@uamlnémeahemwesfgnenuency ranges until the
| ommeter starts. In yet anpother aspect of. the

ellaotet apothey asped oé rﬂ&g@gqr ﬁbecgygpé 1p PreGssipg Isystem is further
conﬁgﬁlge{dh 12:&}51%0% sé(?)%? lnﬁﬁlt@&eugﬁ'i%g arlf)%iﬁ%gc on, h@m}S% the sensor

gna b ApBiREiene ey sdcenl amplitudehend dewét bg‘uadhhntimoml aud pickoff
second anpl i tude using peak detection, conp re the

sensqreﬁﬁmrseswrgh@hp]afhlﬁﬁ it highet Ha e sasgrdcnatampliteds: and
Sy AP AL 0 e

trans%’{pfliltude In one aspect of the nethod, the
phase-shifting is perforned by a Hubert transform ,
yeln ymanmm appetorf the meteodydhchmathod Hirthen dpsaprises éﬁ'@?mmmg a

e B o AT 0B
genePRiH aaaﬁ\?wmg?éi ra?%ﬁlt%eg%'ed 3ARKS sdid6r HasAdngilithle and including

sensor sign I itude, and including the drive
the deivgnsignabamblituddén ilre diiree gighale si gnal . I n anot her

aspect of the nethod, determn n he sensor si I
A Smodies 28Rt P SEaTF bR &twgmaﬁl B SGHEOL i drpiuce
' A & R8It kip8aR f

compRESFERU A BEUSET AR SEOBLS: Lpmuncteing
Asindt@erhhgoAsthe \yhasleeshﬁtm@n slqutaadnigribe AcemltatEHnrandtth@ASmhé term, and

sum of the Acoswt squared term and. the
takings square trofef ﬂﬁcﬁ“@’e?%ﬂﬁf}*@s@ﬁ equgsed M A]éﬁg Asitot 5 squared term
in or%lgp{o cﬁelfermme the sensor signal amplitude.

In yet another aspect of the method, generating the drive signal amplitude further
comprises comparing the sensor signal amplitude to an amplitude target and scaling the
sensor signal amplitude in order to generate the drive signal amplitude, with the scaling
being based on the comparing of the sensor signal amplitude to the amplitude target.

In yet another aspect of the method, the method further comprises receiving an
Acosot term representing the sensor signal, generating an Asinwt term from the phase-

shifting, squaring the Acosot term and the Asinot term, taking a square root of the sum

of the Acoswt squared term and the Asinot squared term in order to determine the

4
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In yet another aspect of the nethod, generating the
drive signal anplitude further conprises conparing the
W@ 2003085336 gnal anplitude to an anplitude tar gePCEHON2006/035706

scaling the sensor signal anplitude in order to
sensof GRSl e GiiR S0shec R WERdbated QP URARhSigna
ampligide] hiidiieliding e deivelsignatiempbingietin thewdyied signat her

aspect of the nethod, the method further conprises. .

r dz gehaneghea aspeeb eivherapthrd e ey Aythen é@gﬁ%f‘&rfewvmg an

si gnal ener at.i j ; . .
cos| S0BrpPSTAE A SShUAIGIY (ORAER oo oy e phise
shiftit & squakiBKiB A cbsetbameandant Azindihersuakiag a dyeakaosiwf the sum

squared termand the Asinwt squared termin order, to
of thedcenatisquared ésraransythe iAginmt savpradtade in giiseiagstagnige the

rive, si

driv nal, anplitude, based on ' - .
sensof ighet A TR a g o SRR BTt AR Rede fapect
scanng}ﬁe dEd 8 sphaNahplithle ¥ESrden®S Héferss RO sifie afgilingdt, with

e method further conprises receiving an Acosw term
the saabipg bsimgtiasedl o thesromymring] afrihe sengensignali angplEndes thet
ot e PRER R bkt R RO PR
Offy g/ia?alﬁﬁﬂévag%é& B?EH%%E%BH} @Rdndihed ﬁﬁiﬂ{b\ﬁ‘coﬁx?ﬁ@ése&btéﬁﬁiﬁlng a
n ord [ anp

| er to termne the sensor si gna |tude, o
phasecdiifamlueg 6} frensefisquensiy gesplonsepf fhewdleratary dlovemgsbl, coddining

target, scaling the sensor signal, anplitude . in order ..
the piigegBHbFae (OHBTae Sy e S i s siit EA SPRoT Signal in
p . | . e
B e
signal, AeheteinnBe triee eiphyleplnig tadubstaptialiydienticalttbe sensovsignal phase.

signal. In yet another aspect of the netho t he .

nenhystanetheiasped ophg ethodethernhass ﬂgftzyabﬁa@é CQRpFIes a

val ye (qazl froma frequency response of the vibratory
Compfe%#}%]t‘é Y conbi ning the phase shift value (g) wth

t e yeeRs@herSdsgbdlof @dmetid dpiasansinig thedhasnsft valugn@)
in order to generate a drive signal phase, and

compirise$ lidearly edreclaling be SiegHancypieaRANSE {0 £ AayPRQYEPRASE Felptionship
. rein,the drjve si.gnal ase i s substantiall
n Or%{\%zﬂ&;F%%cet be %ﬁa\égﬁﬁfgrgvagpeéﬁgl phiase. uI n yet | ano%/her

gilﬂn‘g)fek aﬁc@thélhz?sgg@ctdf 9k lefifddp RRs@eidl fhrtNé deenpriiks linearly

i ses a conpensation value. |In yet another aspect
corretdtirighthe fiethenty rdgtonserimi frgquénsyfasereddtidnshipdnwedgdy produce

conprjses ljinearly.correlati the f respons
oo TR P S oL B R CERASTRY st 0GR ana e
Bf |t ¥ rHEr fo kda UEYe 3RRLNSHas8SRRAGhCIO8ing the
phas% E@ffé@?ﬁ%ﬁ@%@tg 1metrhod %Pfrhaer ? con%riiégeisjﬁl isnear I , s
drivecsigia iphtisenia thé drife eiguelnesheres tlondmve ©geal phase is substantially
~ frequency/ phase relationship in order to produce
identical to a sensor signal phase.
In yet another aspect of the method, the method further comprises chirping the
drive signal at a startup of the flowmeter.
In yet another aspect of the method, the method further comprises chirping the
drive signal at a startup of the flowmeter, with the chirping comprising sweeping

through two or more frequency ranges until the flowmeter starts.
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a phase shift value (q), conbining the phase shift
value (g) wth the sensor signal and the phase-shifted
W@ emwsmss33é gnal in order to generate a drive siPOEUS2006/035706
phase, and including the drive signal phase in the
dr v [ j 4 ' |..phase i.s .. .
SUBL T RERy s R R et B BTN Ry RSB Gs tinprizing the
drivysignglnot her aspect of the method, the nethod further
conprises chirping the drive signal at a startup of
t B YeteRates pspechol/ide magibedhdhe msghast fusther prmpmsds sdculating a
e R AL Rl S8 0 Bl S 808 e
secof@ ARSI ¥ aRAVESIRENEL brlob QBN HoMe: G a PRI i JeBOHSPRY second
ranges until the flowreter starts.In yet another
amphgide ds higher then ke $rodor el asthivetle. ur t her conpri ses
D I Lqeariﬁh%th he, drive signal. In yet another aspect of
CSTHRMMLPHBIE VIHRINEEt hod further conprises calculating a
S €TRE GarBE R fefedE niiSb B cBRAKN S %@&érh@glenféﬁpmaré Bga&ihgs.
sensor signal anplitude to the second anplitude, an
deFKgt i reporsoa dinaivdis nfbdo v emeter @opipeisafd asmeieomsidmilpeand meter
1 second anplitude is higher than the sensor signal
eleCliOMfY -t ude. Description of the Drawings The same
r eﬁﬁﬁ.@ﬁ?o%%@%% eleEROERE A Br iﬁg.té aﬁ%n%oaﬂﬁgﬁt Ftlvention.
draw ngs. FI G shows a riofis flow neter
CORfiG.i 3ishgwa arelriee sigmérpottyornnd thetresteeleReirbRids G8cording to an

FI.G 2 shows neter electronics according to an
emb%‘%fﬂl%‘? Pféﬂ{e 1BYeRi8. i nvention. FIG 3 shows a drive
Si I td ctraqnics accordi to .
S PRILLPRARRIAN ALF AL 1) S AR AREYflay) Buorwon

flowafetea agedldat: fon Gab@RIiRbhier the diveviosl gnal for a
vibratory flowreter according to an enbodi nent of the

i nVKnt $ dha flvghag eisa andtherhvidraganesdting awlrivedsignad for a vibratory

rati a drive sj.gnal r.a vibratory fl owneter
ﬂowgﬂ%gegraﬁlg?@g}%toaaﬁ %ﬁ%ooddﬁg\%mfftg? “?‘f?éltl!oﬂyenti on. FIG 6 is
a PI®Cck i agpRek Aiagrafl @$ed dQRR Mopl HAitalldr4R according to an
according to an enbodi ment of the invention. FIG 7
embedigwst ahtheripuentioondi ti on bl ock according to an
enlpﬁfrj.l If‘:"srllltowosf artl quﬁtn(\fglq ition block according to an embodiment of the

invention.

FIG. 8 shows an implementation of an adjustable ideal lowpass filter of order
N=100 multiplied with a Hanning window to create a low-pass Finite Impulse Response
(FIR) filter.

FIG. 9 shows an enabled subsystem to calculate the filter coefficients for the
filter of FIG. 8.

FIG. 10 shows a Calc Freq-Mag block according to an embodiment of the
invention.

FIG. 11 shows a Hilbert Freq Mag block according to an embodiment of the
invention.

FIG. 12 shows a Hilbert Frequency Estimator block according to an embodiment

of the invention.
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FIG 8 shows an inplenentation of an adjustabl e ideal

| owpass filter of order 10Omultiplied with a Hanning
WORmWdoss3re® create a | ow pass Finite | npul se ReBEDOSHW06/035706

(FIR) filter. FIG 9 shows an enabl ed subsystemto

I fil L G . ' f .
CoEtol a6 503 ) (s RELS T EUCKslins o an

embbdinagnt efittedinremfornf the invention. FIG 11 shows af
Hubert Freq Mag bl ock according to an enbodi ment o .
t hgf(&nb‘gﬁlﬂ‘? ha Yepap Dedass hempensatiopdr ock-peaquding o an embodiment

L dRqr bl ock according to an enbodi nent of the
Oftﬂléﬁbléntl gh. FIG 13 shows a Drive Feedback Control

Sys1@mibl sldwacaolitt@ati® @iineToAFOIMEAGOS bId®R according to an

inventign. FIG 14 shows a G oup Del ay Conpensati on
embpdigeqat 9E theriaverfiate an ermbodi nent of the inventi on.

Fl 15, sh an tomatic in ol bl ock.

ac cﬁ{)(r}'di 1nbz %Hog an %ﬁglooéﬁ%ﬁé%]tal"g?atewgom%?ﬁ(‘éﬁ&Fla@COlg@g to an
embsienéht of fledposdticnal - I ntegral (Pl) controller

according to an enbodi nent of the invention. FIG 17

i nElGded melpdes three drige gigrlal plats shathare mpeesentative of a flowtube

repres ntativet of a fl owtube operation in the prior
Opergrl{?r.“rﬁ:tﬁ&pr]féaghoms a linearized drive control bl ock

di gpGamgagr@k sl N9ideariddy %@dk&ﬁf‘él gfocﬁchﬁicflg?ééﬁnﬁécgpding to an
FIG 19 conprises graphs of the li1nearized™drive
embedimend bf thedoveitiom. t o an enbodi nent of the invention.

FI 2Q.conpri.ses graphs_that K shaow {he setpoint _

arrg{cﬁt 1ge8 PHBHEn @GS OF B lskaarsd, davar Fereloagrording to an
embBEhRnk 881HAERGEA I on of the Invention FIGS. 1-20 and

the follow ng description depict specific exanples to

t eBlh. Zhesmpskes igeaphi nhithehoar thehapdint aRkpEtARMNdSSHdBEce of a

. besé rmd? of the invention. For the purpose

linearized drive loop.
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
material. Meter electronics 20 is connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, and temperature information over path 26, as well as

other information not relevant to the present invention. A Coriolis flow meter structure

is described although it is apparent to those skilled in the art that the present invention
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of teaching inventive principles, sone conventional
aspects have been sinplified or omtted. Those skilled
WO poovioas3ast wil | appreciate variations from t hBGBUS2006/035706
exanples that fall within the scope of the invention.
Thos Kiil | | :
couldfbeaqrg?tz ed C?ggigrrﬂi)%négg%lﬁ%%n\@ath&ﬁ?e@ ’%ﬁgg)'u h% Jdﬁ?t@ogabﬁleasurement

capaM@bﬁﬁprb@ldfe@ibgla@d)ﬁdﬂtﬁ 1@a§$ﬂﬁl¢\ﬂ&maﬁ$ of the invention. AS
a result invention is not limted to the specif

edetor esscaibic ) Bsdhdssiadwir Qﬁ,rtla@fﬂlgis b3 apd 1ol oflges 13 and

th
103 BGHE AE BT el S B B AU R, e
mech%QtsrﬂVPSCﬁ‘ "telﬁﬁ&ﬁﬁf&?é YerrsOr 196, Qt‘ﬁﬂ@%oaﬁlooﬂw&olfy' RWsdratlg0Bndd 170R.

density of process material. Meter eléctronics 20 is
FlowdubmelétoeadxdtBohba\@rm@s@@ﬁﬁwlyls@alghé inletlges 19bang 131" and utlet

eas PREAERT SRR i PR o2 Bin JEnbTRSE Fbifgpieste 12
and 1%‘ FIBWSUBEY 1 3Pardd B3 (P ‘b@ﬁ&ﬁ!‘@hﬁd‘%@&hb@ﬁm Wekhislbnss fleBViength

ter structure is described al'though it is arg)arent
and die)eﬂsbmsail}slbarhlll@idhramghhm thcnr larigalt. Bha@e arsskHt and 140" serve to

n t br. b
defingdhemtib Tt \%a?ﬁaﬁwﬁf RERN BRgoSheRd crant
aﬁ‘?eflhéf PV%@QnAP 33 181 hehbw tﬁ%%swfo'a@lw 1t Sifo-fixedl ly

ass ud’es a palr of manifolds 150 an
attacﬁ&ofo, ﬂd\if art@aaoﬂ;ﬁalmmu@mo e/ 1209 ahd drege bivekk,sin 1w, aredixedly
pair of parallel flow tubes 130 a

attachind emiBidnd ShARGEU't CIAFCPTAV I8 ACSREBHOMRGosc TR grial path
thm%il Oé%%glsVrﬁét%Céisgmggp§@rs 170L and 170R Fl ow tubes 130
S

ave sentially straight inlet |egs 131

anhta Hanged] 03udrder 03 ggsirdiolentn2l 34l 10Miachcampruedgea inlet
towards each other at flow tube mounting bl ocks 120
end Hifcantomitlet encbd4' ibfes: nrogesanpe 130t shgutmg VaHch gagries the process

BT e ORGSR ARSI ADEDPIR B0 Hifuon ot
101 ﬁ)ﬁﬂaﬁlg%‘l@s 39 orktRte dSBFMEhRarl AF1H N80 th Boaxiube Woamtiniblock 120
about” which each flow tube oscillates. The side le

havid@a swfse 12dndWVithin magifoldolfSOfthe materisd 4 disddesrndrgpte %éh@ugh

o SBT3 B

recotr %u{éﬁ hQly %?e gt{’@arﬁgxqﬂﬁ@%amfaﬂ 5P LAY i TR SreafteORfutdiRWKit end

path through Coriolis neter assen‘oly
104 ]:6111163613&%}# ﬂar@ehmlhsvmgdbommas 9aViorthe podasss linR (ran dhown).

102' are d 104 d

o 5L Bt R
mouHﬁr?%ﬁﬁn%kWﬁ@%ﬁﬁc? %(5 t%Etas kS nhed sﬁﬁﬁﬁl‘l‘}'; el sa{’fﬁtrﬁéésadmtrlbunon

enters end 1 of the neter throu an orifice 101 in
monhdn@efEindMi3 and Yangisohedulub abcblglbenémgfaabdw-’éw al W'eW'

respctacqclkifilym"ll‘]l?gs:: %gncl?llng %}kcesléc()) 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
flow tube 130", to continuously measure the temperature of the flow tube. The
temperature of the flow tube and hence the voltage appearing across the RTD for a
given current passing therethrough is governed by the temperature of the material

passing through the flow tube. The temperature dependent voltage appearing across the
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having a surface 121 . Wthin manifold 150 the

material is divided and routed through flow tubes 130
w@r@703376¢ Upon exiting flow tubes 130 and 130PCT/URm®06/035706

process material is reconbined in a single stream

s

chang"eol% eldsPic e uidiisosiebew |tlllb'li@ 1(30(qu51|30le1)& toFalngwhhm@&ssn 1ROV tube
and 130' are sel ected_and appropri at el m)unt ed to the
tempgrRBwe ¢ Eb@ R3St GongeHed &@16162@1%#@@2@ 19y have

I
e LR I 4ET v LS e 5Py EREE Fukica
about\%elr\f‘éspel&t@@dl%fdhﬂgeéﬁés W%&G\N benghatds Gxesd gee firwt Oughf-phase
brace bars 140 and 140'. Inasnuch_as the Young's

bendimgduddesofghe flow metsiy Lhisedivenapefanign h8Q 1y <OFIFE 2y e of

t.s th |_cul .
many e g AR Ee Tl b af Arcrs bt lufee (R 430; and an
oppoﬁﬁ Rbfdndiditdd @I l@@oelﬁﬁ) and QrG Ot WRURUS MteRASY carTbRE]s

%‘perature of the flow tube. The tenperature of the

passa‘dl ﬁowvthnﬁmglmih lemceibeh e Avalitabigelrivsisignal isppaticd by meter
RTD f cur.r.ent ssin eret hrough is
electyomicsy Hl a‘i/‘lﬁgsﬁt%ﬁlﬁgf’é? %mBF‘gﬁd; material passing
t rWI@’tég RichEnikh 09/ riddfes 8 Rﬁfﬁf%@ﬁe%tufeeslgﬁa? %BCI@;IH 195 and the

tage appearing across theRTDis used in a wel
left ahd@vgmt welbbioyl sigyalseppearaigewt feads t6SI2and wiibrrpmavdyf dvieter

clecticgaes HLEORREAR e i éléggf%p%?raﬁé Pl SR 5 AR 80 and
v1bra§-ﬁl?' ? i3 56 Q{f(? gg@ d ﬁ%e (a@%gﬁb? 'e§s%s %% 18% ah@athnt 9/51001ty

rlven by driver
signd1§afPRRRNTD sthinabt)t doansuta lﬂmmqatmﬁ!mw ratespé ¢hd densiogrod rtln@matenal
axes Wand Wi n what |stermsdthefirst out - of -

passipgribiiotgh marder qgﬁemlpﬂé( 0. ohhipieymation, alopg Wwigh AR 4 pngﬁltlon is

sppligy Py LR Ot p) Au PR AeET RSP ¢ be

13B1G.anshows AeROsledPorkios RO awﬁﬁm@ tb @nfehbodtmée 38 arvention.
t hrough which an alternating current is passed for

The wiekar alécmgniss 20 cfanowlv@mls inteyfaggi AN aprogessyiggivateny 303. The

metey lere‘;g%ﬁgg chtse&ﬁgef HS rc‘elcg Sﬁi se {spy §1 eng %ng‘g% m&t%r a%slgzmbly

10, sﬁapaé E@R@ffﬁte!ﬁc@t SRR sigald. epek H8kr eﬂﬁﬁ‘oﬁlbé? 20 @ﬁﬁ opéhdte as a
vel ocity S|gnals appearing on | eads 165L and

masslﬁ5‘R me’respxemnl opetate advedensitsineater, drmleding gpwbagu e g Gayplis flow
mete%gla“ eﬁatlat lin%?%ﬁa %{?%gl%f%%@lg ad@%’ggncf %gglré \s/eg}sg flrég%g a order to
obtaﬁhﬂ%‘g‘i %%§1sf1£§eoﬂtﬁé ho@sﬂ&afér&hhow% iré0ehSthe aadier @Betnbly 10.

signal to conpute the mass flow  rate and the

or €leamspleythe fmdtdsreelmoamseﬁo @asditerinh poeghmeet eff a plsase r@@ffyrence

10. Thi s infagrmati l.ong with other informati
a frequency, a time difference ?Af) a density, a mass flow rate and 3 volime flow rate

from the sensor signals, for example. In addition, the meter electronics 20 can generate
a drive signal and supply the drive signal to the driver 180 of the meter assembly 10 (see
FIG. 1). Furthermore, other flow characteristics can be determil'led according to the
invention. The determinations are discussed below.

The interface 201 receives the sensor signal from one of the velocity sensors

170L and 170R via the leads 100 of FIG. 1. The interface 201 can perform any
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applied by neter electronics 20 over path 26 to

utilization nmeans 29. FIG 2 shows nmeter el ectronics
wWQQ00a083reli ng to an enbodi nent of the inventi oPCT/UR®06/035706

neter electronics 20 can include an interface 201 and

) i t 203 t i .
s e T, o T 0
ampliTRL 86, A FRMNY etb0 Alfigdhivesy, Bbalk @ fal ugIthe sipialswnditioning can be

signals. The neter electronics 20 can operate as a
performes i1f fhowraeassingsystea? Bp dnadditis, thedaiesiecp 4l ean enable

conrh SR PR B o TP T g e

Ses Secon
201 c%}ﬁ ‘?)t%%rap%ﬁ%lg Rahsy _nﬁélérdﬁ'lf eléiradid, dpkichll eMvvEBREAESBATUBIdaciSN.
0 e

ow material flow ng through the meter
asBenbteyfate 20Fdn oexampbdmenh eanvistclirdes digitizen(nes showahn
determ ne one or nore of a Ehase di ffe{%e@ce o les and
whereindfie, STRSPT Sne} GRnRYISes ap eRYRE FERSPT signgknbig Jeitirergagples ar
digitifzésoéﬂeraﬁtdﬁyg s%ﬂgcr%}%ﬁ%l Hﬁ@glfo'dg%sr PURith] QN8 BRNTOE digitizer can
signals, for exa e. Ih addition, the neter
also Edrésht ami need2@ deaimagienswhereinathe rdi gital seigpoa ki ganbis sigpiphated in

the drive signal {o the driver 180 of .the ter .
orderi8 gemsayhe oTiBLoITER POCeRING REFIRG Y BB e pRocessing
timechar acteristics can be determ ned according to the

invention. The determ nations are di scussed bel ow. The
i MTiey pracessalsyseeed e sondietsersationsiofia mbteowiestrenics 20 and
the velocity sensors 170L and 170R vi theHJ eads 10

0
processesHlay measTreangniy Spmdbe flopametes apemly d arif PE@Sssipg system
desired si i :

e
meadikdrBEMatd ¥RleY to HRdBcOénabl mofe fl6@ chagkistiendi ti oni ng

can be performed in the processing system 203. In
adbie prosessingsysiane 203 cen CULPEEh? BRI EBISA NI oS

iRt S e U0 B D i s
proc%ﬁtﬁ'ggr (ge%é&  TIRPloE&dsingQfysiéhi 2065 SO LA 4rAdng Hitiple

ace 201 in one enbodi nent can include a _
procetisgig devéces( Mite pshaassing systemsl(d candnelade eny siagnet of integral or

. . conprises an anal og sensor signal. The digitizer
indegegTbelcginenia P B8 Be T R SUALT Ube SKAG “eitghaf and
P ifig Ii% @EdFaH generat
0 S ER Rk Y oh DA S gD p0630 sonerte
drivelsighilahmeag stier shiggal Thesddecsignalds sippledde the drivasd§6en order

the amount of sjgnal processing needed and tq re ,
to vibrede Breciseedateg Nownabe PR @J%ﬁ%%@gé‘?r%e 9‘&@?1952@@ £330 of FIG.
1 conducts operations of the neter electronics 20 and
processes flow neasurenents fromthe flow neter
as pefHel embddimEhieshoas eRSirogessingt sgnte2030 edeemiass theelrore signal

nor e processin% routi nes and thereby propesse? t he
fronf thgwwensor signal 210 and from a ninety degree phase shift 211 that is produced

from the sensor signal 210. The processing system 203 can determine at least the drive
signal phase angle and the drive signal amplitude from the sensor signal 210 and the
phase shift 213, As a result, either a first or second phase shifted sensor signal (such as
one of the upstream or downstream pickoff signals), or a combination of the two, can be
processed by the processing system 203 according to the invention in order to generate

the drive signal.
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measurenents in order to produce one or nore flow
characteristics. The processing system 203 can

W@ 9103386 a general purpose conputer, a m cr opPOTESHEN6IE5706
system a logic circuit, or some other general purpose

or ThUStRALT SFkidth 908 ah QQ)réjﬁg{.Vrcrruﬁ?telT gfrgﬂ%%f'g é@i a%a,s SoTvTL

203 can bée distributed anon i roc
routifes) eestanThalups, andsaiingle syhiceMi20% eabodintntdRe 8dYage system
204macgn r of .int Egral or independent el ectronic storage

e }“Eeﬁ%m s that 3R X equbschipe theys peassing 4ysteme2 3 doemsi ng

[ | 210.i.p or.der, to

cmb M T B0 SO ERRR PSR e AP onfing 220 BT o
conditigmiag rostiisa}l, isgthab@aidie rélitine@n2 18 da@baeidetButine %23,

vi brate the associated fl ow tube or tubes, such as the
amopg Siher GeEEE30 and 130° of FIG 1. In the enbodi nent

h . ' t t ] th '
S LB SR 0 R A R B 2
operdiegy Rewphess sabh b thdldortdIRtldve nidi AU CEgh §t6&%§b%gﬁem 204 in one

sensor signal 210. The processing system 20
embggiranisioecsarariablestsuch es theiseascsisignal 2 phasleich igieeeiand from one

o e P T T e A1
that @ geRBREATIFBRAHE sefldok kRABEINS O a%l%l?{@:, ‘é}%e:ﬁlfg{égég}ls‘%%% % can

t he upstream or downstTeam pi cko
storedpispatizod phkse A2 tavrjvecsignab ghpredkids s eendoy sighel amplitude 214,

. ' . 20 ding to the invention in
a drlgg g@%ﬁ %g@éﬁéggﬁg Qqqﬁarﬁ%ﬁp?]étulg@ garﬁ&“?t.z'#ﬁe Ist \(;r agle sylst em
20416 BhasRIRIferdd A T3 RECOPRL 3T RloecAfhsd Bl o SAT WAL Sona,

routi nes, constant val'ues, al ues.
i.e., emthwdienentsigitah @16t dhaghassyshife roiv 2206h Wahe Snidihaes
. 1t hat %]rﬁ. executed by the processi n? sgst em 203. In one
mplemispigienkdiibert frppsiergdigenssyd belaw) 04 he phpsesshaft peitins 220 can
geneddtb ile §@H%%F§pﬁgs%’sh?ﬁ§£gnal condi tioning routine 221,

a ph tine

ase a e routl 2, and an anplitude routine

22Bhe signaigcontiftnin®tiitine 21 priofss sEhatiomeRionidd6n the sensor
. Sstorage system 204 stores data and variables used to
signg) 7d Patldef1gnab porditieningsae incdedea any @ammes|of $ilferiogy desimation,

] . m i n_one enbodinent stores
cte. 33? F%F@s‘%@%ﬁ“@é §{"2‘Sle§%ﬁ§8 fn QPSH%%WQ%}G-M chis
r €Tled plede nolw008no021 heeMBinesi '
and 1IgORf3 aa%d st olrles a 98 dggfgigydgﬁ%f%l? tﬁéb%%}% (%fég%sensor

signgl @ 1ge de padidians the mhesmwangeemiting 232 aeteprhiheslandraii triadphase
213, 3iHreth UG SRTIaSe 2 80 s QS8 En e Sondor Sigmat
phas@DPL.| THEBhasbngle routine 222 may therefore add or subtract a phase shift
value (6) to the sensor signal 210 in order to match the phase of the sensor signal 210,
The amplitude routine 223 determines the sensor signal amplitude 214 from the
sensor signal 210. In addition, the amplitude routine 223 determines the drive signal
amplitude 215, wherein the drive signal amplitude 215 is based on the sensor signal
amplitude 214. The drive signal amplitude 215 may be greater or less than the sensor
signal amplitude 214. In one embodiment, the sensor signal amplitude 214 is comparéd

to the amplitude target 216 in order to determine the amount that the drive signal
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a drive signal anplitude 215, and an anplitude target
216. The phase shift routine 220 perforns a 90 degree
wWeba@se3shé ft on an input signal, i.e., on the BENES006/035706
signal 210. The phase shift routine ?20 in one
miRech &Rt diber uss
amp%e OV\ol@Egldﬁ]Ease shtl'ﬁpftér routi ﬁr;léér%%é ctg% %ﬁﬁ%’trg ufﬂeé?‘B
deteg@l@e@hee@mgmlsamﬁlttuadms fﬂi!&h@d]@f’lﬁi;lgﬁﬂndl tioning

| d th
Egrés%g :Sllg%ﬁ][a&%ﬁs nﬁé? Il%gamﬁaglg gﬁ :O}q églg\lalzgeidorélilaa@ gnélggo? the sensor
si gnﬁpi‘ﬁﬁ FTIR sehbdid s‘?%ﬁaﬂ% gee{f ﬁtd'e%?mneetd%n Tgl]e% fite ts?tnaepro?ﬁle matching

condi ti onli ng ro IS an op I'ona ou

drivp h@&l piragé 213.0The deiv2 2&ndepleiss N8 $hdrbr §ﬁ%@§taﬁt1ﬁ%aidentlcal to
ase, 212 of the sensor signal 210. In addition,

the é%re“ phaseiei ne 222 determines a drive si gnal

Cung st lﬁwaﬁ%ﬁ“ﬁhgg t'asv £ e BRLoP P Gak dppiliade of he

sens2i &igndliod Op ﬂ&&%eﬁﬁtﬁ' mud%%@ d@i%ifhltntéé e bRl 18d8eBhine the
suptract a phase shi g) to the sensor signa

drive i@nﬁlrﬁrm?lttéde 2 b5 rrﬁh@ Idrlch élgphlageplmm% RéS selesed ositheadnsor

gy Sy 2T SR 1% 827 SR SLENGS A SO0,

sensaﬂﬁgﬁammﬁpmﬁ& gjﬁpl | t ude routine 223 determ nes the
drive si gnal anpl i tude 215, wherein the drive signal

anﬁ he anim t@i@aanggt PhG isch dasiteh gilgetuspsersbygmabliade! fot tietenal or

[.itude 5 may be greater or
prefELonetien i be Sedtimets gdn SlgOQUE B S PipI BHGe target 216
°°m§"’%.‘?§"ﬁ‘ﬁ*ed unt P EE0E M AP N ATR R Wifof bk Pygpiitude 214
will besealed weby hiee prooessing $yatent BGZ ittthy eersog Elgh@ll‘aihplﬁtudéﬂél does
oul d be scal ed_up_or down. Therefore,

not G P 48 HIGHS HEE 236 4 dberaliheiechie gignabsbijfude 215 may be
madél a'tetr;q%x s RedRE sf ?11 %ﬁ'xgﬁﬁldts, 292%%@11%-@16 e@%ﬁ{%%é@enﬁdr does

IS a nea calcul

not d}daeedslammrnﬁmgnaﬂnpﬁﬁﬁle t%@ll(ﬁ&n%fenﬁtﬁfew tIRNASS1iHEE tdrget 216
determned in order to set a proper, matching drive
can cqrgRYe @r@%@l@@%mffgﬁewaﬁff’%ﬂl@|di8ISIg§\Hh@1@P]2met2ﬂér0@hqn mes a

h h
scaldguP SRR AR Vel R sorsBr iR Bhad hBEa L e or
c aF I 3adhesk sandithive Mgﬁalgj’ orfife3GEHEME ﬁét&n@llact?@xﬁcs 5@5‘ §ccord1ng to
sensor signal anplitude is determ ned in order

an eigbedifienh ﬂhnénvﬁnntm@ Slihgrhiivezstgial padion308. caﬁlwmjrrls\z eircuit

' itude 215 b d on ensor signal
coroRR B soipB e Pridisanng AU s oL OBR aF CRipPreuae by i
meteg dlec@BNicabe fromthe sensor signal anplitude 214.

The drive signal portion 300 can include a conditioning block 301, a phase shift
block 303, and a processing block 305, among other things. A sensor signal is received
in the conditioning block 301. The sensor signal can comprise either pickoff signal
170L or 170R of the meter assembly 10 or a combination of the two signals. The
conditioning block 301 can perform any manner of signal conditioning. For example,
the conditioning block 301 can perform filtering, decimating, etc.

The phase shift block 303 receives the sensor signal from the conditioning block

301 and phase shifts the sensor signal by substantially 90 degrees. The shifted sensor
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The anplitude target 216 is a desired vibratory sensor
anplitude for normal or preferred operation of the

wo b@wossrer 5. I n one enbodi nent, the anplitudeCT/E8PEE/035706
216 conprises a mninmum anplitude threshold, wherein

signa éﬁgssoarn Lﬁl afgla ?6&#{9%%9 ?g%%% &ofdd ) B?(&&% eHB aY a phase

cessi ng sys e sernsor si g

shlfte@rﬂ@lmﬁdﬂl@ﬁt 2hfesetes bpah (BxEREY tdrieg whbpd (btmldfe steascgd"tequency in
. Therefore, the drive signal anplitude 215 may be
radlam@eegﬁ@éatogﬂ tbﬁhw)t he sensor signal anplitude 214 if

e

The I@mﬁ’éﬂ AGofR b@ﬁ%mﬂé@m%‘ﬁs&@lﬁﬂﬁﬂ@?e@ﬁmﬁﬂw délegiagriagesor
wherein the drive signal anplitude 215 conprises a
mgna’s baladtne pquivalsttao - cgﬁgwes«er ghoguaster oh éles\éﬁmersngn al
litude 21

d
PHhaOfigede Hpdud e o reelhiraransy A0 D SR o Sensor
s1gna?5n& ?@nér@ﬁé@ RigkQB sighBPHEf thesStve@puR0 %e%o@&&n@&ﬂock 305 can

Ise circuit conponents or Can conprise processi ng
genemd adrise B%nﬁbﬂ’utmt copabimtan (%ae@a(eweﬁ)}/termdsm%ratwn 3, below).

| ect The.d 300
The Rl sHe w0l el eieomg ot BRk 3R R gHa e SRPFEaG Ave
compti¥es t}?en(ﬁjrl\?en%éﬁﬂ %ﬁﬁﬂﬁgdebl ‘Eé‘w%@ﬁssn%"ﬂﬁ&c %fﬁferéfﬁf&ﬂ&% defermine

Sensor Si ecel ve ditioning bl ock

both ﬁ(&dnveﬁignzﬂ@hqﬂﬁu@ gnithe daive cgmpl plsase gwhérem trhmpk@cfefssmg block
gnal, 170L or 170R of the ter asse

205 suibtsnHaRY BRI flae frofresry RAMS sory S&:%Wﬁj % ﬁjﬁs ﬁ%fWﬁ Signali
o AR, . ORIt bRt B B o

the divb sRinaDeh the @aaERIf thY serBLE sightle Tiiakansadd pdssiblobk tk&Ophase-
recei ves the sensor signal fromthe conditioning PI ock
Shlft@@l)p&milq@ih whereiitetphashangle né die @ngqféﬂglw can be easily and rapldly

aercFEA 7RSS 8505105, AL HAE BETRLY L s

angld @P@I%“s@h%rtsﬁ%m aftebréinRheaave Bichhied m?e@ﬁmﬁi&aﬁﬁ a substantlally linear
represent ed (Asinwt) term where Ws the sensor

relatfomekmpemﬂy thersenmjlsml (‘Sbis cogblas itlommpter plscawyics PA toAwre

e RSTE i gL A R8P RRA By s

drivegﬂgﬁa i Qbﬁamegs Qpﬁ&iihhf?@rn@ﬂoqﬁ |s§‘Mi O AR SR8 TRIwsS bGIPAY-full-
yZa tine equivalent to 90 degrees (or one quarter of

emplylsatoleug, fhew nedyrialTnelyliog estsiingd birodk 305 recei ves

e ok e B0 e Phzee s L e e ensit 51903k cn
cont%gg ?%éa{irqgeg %g'{ﬁthn %M&?Ag%é%g&m?%@)h%ﬁﬁﬁgggﬁﬁ éﬁiagf‘ﬁiotrllle sensor
signd, pHae¢.0Whis is done without any feedback from the phase of the sensor signal. As
a result, the frequency of the drive signal substantially tracks the frequency of the sensor
signal, with no need to control the drive signal frequency. Because the drive signal
amplitude and phase are rapidly determined, the invention enables a flowmeter to be
driven very close to a resonance frequency, wherein changes to the resonance frequency
are substantially instantaneously tracked. As a result, the drive signal responds faster to

changing flow conditions. This also enables implementation of various flowmeter

diagnostics. For example, the drive signal can be rapidly changed in order to assess a
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The phase shift value (q) determ nes the phase

mat chi ng and the anplitude Aout conprises the drive
wa@k@nabs3aempl i t ude. The processi ng bl ock 305 t heeB82086/035706

can determ ne both the drive signal anplitude and the

) \ | v i o8
e T
corroSibaRadsi@t, debet drackeosilgnaln £ flowueng deteAdinant Rge anéryal

_the processing block 305 substantially |ocks the phase
coatingf ampentdy the issignaf a flewiye, plsase of the sensor signal .
This is nmade.possihl e by t S | fkl 1.Qn,
R ok e RBRE Y Sy LA SRR L PR o
gener@fSd Ji]?fv@ﬁ%nﬁlad?hﬂitﬁd@%s%ﬂ BB serddr SighgisdthlituddeTHE pressing
S

i gnal phase angle can very closely track the phase
blockad{l§l engfonpeee dermsosorsignab hmplitisiedd antanepldwede/ergst (iveh as an

i s.maintajned in ubst anti al | i_near | at.i onshi y
oD A P s LR A P e P iAol S KRRl G oo Al the drive
szthﬁB%HQ&h%én%@d&? nmore accurately drive the flow neter

and enables the neter electronics 20 to rapidly adjust

t Mthechenwer g for piokabsighsal, 809 caft ba oepresantast by theegpation:
such as nulti-phase flows, enpty-fullenpty batching, 1
f18%74: 895 s i ncluding entrained air, etc. The (1)

ogEET3|e,0 ok 0% o Gt e soneor Lol g
the Al Qe P%r@%ﬂtﬁﬂg%&tg@ék@& dBe EASKE sphanal s e shidtelRfitput

gensor “signa Thi's 1s done w thout” any feedbac
(PSOf od thet pieasp BhEblotk tirebs spsexensddryahe edsatoon: esul t, the

frequency of the drive signal substantially tracks t
fr@g@@é,ysﬁfwt he sensor signal, with no need to &?

control .the drive sign fre . Beca the drive
whers Qg B0 (T PERIT BB ED R BT W 51oR0L Shiense S
0sinh L0, BORRVESiGE LLONT 8y BB LA ka bl
incluﬂ&ﬁ@EH&B%&idid}eﬂij&ﬁﬁmnafeﬁns&l dicenthiealhbye delsy adjustmesnt sdryn 0 is

tracked. As a result, the drive signal e&gonds faster,
adds teotsigickrgiremaie sasar sigpHEL O Thise 15PWb thédByegignal comprises:

BT D Rt R D By SR g £
t [ | {
A Lpidis SFREI, B0 BYRFP LB P AR BECD term can
subst@RfiAIPS hRR/Ehesb®dor pligdeect cracks or flaws in a

flowt'ube, determne a flow material coating amunt on
t hBh¢ disvelsigoel amplitode dbe carebe derivasl pwcayaiion (D) wakre the

sens R Ve & grar Capr il bl BR e "Sengor
Chdn e doR KB gl e R0 ude To an anpli tude targot ' (D
g;ﬂﬁgﬁanrsﬁa? ggﬁgga{ngélggg%gg%ﬁi}?ts ﬁéd @g ﬁ?@@éfiﬂéﬂ?@.ﬁ%ﬂ é? ig\e/réerate the
drive signal amplitude Ay ‘
FIG. 4 is a flowchart 400 of a method for generating a drive signal for a vibratory
flowmeter according to an embodiment of the invention. In step 401, a sensor signal is
received. The sensor signal can comprise an output of a pickoff sensor that generates a

time-varying electronic signal in response to vibration of one or more flow tubes of the

flow meter.
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signal up or down as needed. The sensor signal (or
pi ckoff signal, PO can be represented by the

weoquwanssne P O = A 1n COS5(Qt (1) Wiere the cOSRET/UBING/035706
denotes the tine varying nature of the sensor signal

of th
2 o $85 4020t SO ADIARG sl RO IRER b 20 B0 degroes. In
one piuhsdinsditf the iphasdksid &g er 2ionds Bﬁf@ﬂn&i/uélﬁg 2 QR ?hsform,
[t smwt where the (A nsinwt

for ‘?Egg‘rpé% g’{Pg’eYﬁe ltp?hﬁklg@ﬁl‘fdle@(ﬂo% gt thelbphﬁtshﬁshsfeng onethods can

oS Ao B Y RS 5y BEPEGEL 08 LG5 0, o

addifibasethdel @yscadiras tHie fdprédsefildthe seplsy fghdle phase del ay
adjustnment termq is adds to or subtracts fromthe

seHsHED 403rmsenpoy sigralpmpiude is dlemnmadvfeoml t!;el ad:nsor s1gnal and
Ve SI naI 0111 .cos
the 5%%%& @%agsg%libf e, ng(tm Ssil%c()@)t?m% gljd %V (ﬁqr@ﬁgpt) term (see
equasidhegt i on of a q val ue, the wt+g in the (Aoutcos(cot+
O)% term can substantially match the sensor phase. The

dr r\/sge}g Aohahe aerpor tslgdel doplitudais used de geivadtela drile signal
ensor, sngnal anplitude A n

amp@@ ;[%Séjﬁléf)rerﬁ%’é‘ ia‘ﬁ%%@ﬁ% agaanit ﬁsenﬁﬁé%aﬁlsasnplstugml
HowaQ®t, tHeldieye/iPn 413 eIQSI i sEanad %Plearu d&VAHb\%I{]TE%’C%% tg th tfesseélsor

genérate the driv Itu
signgl|apyditeda. "ﬂh)@scmﬂmg imstine dnfnodlr@cﬁnefsaidn@@alﬂed rdndehe scaling can

fl t ding to an
be iENEa By Haner e @%%e%&@mgﬁq%%i@?ééﬂoh “a sensor
Qnpris
ouihite 45 AR BLVECeniEnBNR0L MEARE) 4TAR SRTRGEE

Consegngnithyg tled Elet}rotdm&f) Songads d fst BRIPAKRGAIE Om }éhﬁfd%tfbloﬂle‘?iﬁ ive
. qne or nore flow tubes of the flow neter.In step 4
Si8h%he recei ved sensor signal is phase-shifted by about

e b RaSHE S T AN Bt
in oréeatoslibstadBY edntinubud @Hﬂl&aﬂ@%él BH% &‘gﬁgldarhﬁl%d@ PRE drive

phase-shi fting nmethods can al so be enpl oyed
mgnaﬁ rEpitude gap begrapjsBy defeoninednwhensr the ehlam sﬁgnah n@ph&rdﬁ]m

subs‘ﬂaﬂtle"i’lggj ng aaﬁagfegugll}qf%eégrgf%\g? termthat represents the

FIG. 5 is a flowchart 500 of a method for generating a drive signal for a vibratory
flowmeter according to an embodiment of the invention. In step 501, a sensor signal is
received, as previously discussed.

In step 502, the received sensor signal is phase-shifted by substantially 90
degrees, as previously discussed.

In step 503, a phase shift value () is determined from a frequency response of
the vibratory flowmeter. The phase shift value (8) can comprise a compensation value,
such as phase advance value (i.e., + 6) or a phase delay value (i.e., - 0). The phase shift
value (6) can be determined by correlating the frequency response to a frequency/phase
relationship. In one embodiment, the frequency/phase relationéhip comprises an
empirically obtained frequency-to-phase relationship. For example, several frequency-

to-phase values can be obtained and stored, wherein the stored values are used to derive
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In step 403, a sensor signal anplitude is determ ned
fromthe sensor signal and the 90 degree phase shift,

WO 2@7/033336 ng the (Ainsinwt) termand the (A ncPEIMUIF2006/035706
term (see equation 4). In step 404, the sensor signal

or i Bl Tet e VRraRIR® andefb; PR Rupmenivbie
relaSENHY cahfiieds a&H@érietif;kﬂQelaﬁ@MﬁY% forrﬂeﬁ@lr(q{l !p‘{é’di§tie9{i}>%gse and

anpl itude can be scaled up or down relative to
freqyensyoralugsgnal anplitude. The scaling in sone

1 Eh By RS Je e OB e das g S (the
(AcSdSPtetBP and iR ﬂ’{zﬂsé’—@hﬁ’&e@l&@hso"i‘l 1ia¥ ﬁg@ %tﬁﬁggqgiggfﬁ drider to

the drive signal. Consequent
gengyeisdhatduse sighalsphaand accurate anplitude for the drive

o TR T el 51T St 1
: : . . | .
BB AERNELE RARON SOl KIRSHBER) RADE (A LERSL AR, cnco
signdet er mi ned, wherein the drive signal anplitude is

substantially i nstantaneously generated. FIG 5 is a
fl 33\36 ﬁgPYe @@%ﬁOéfcaa bedtereier oy, ﬁncg ahabstantglly camtinuously performed

. i : ' f ter r di tao an .

i o LBl Y G R AR P BT Al g viowty

discassgdallhe girive sRindEphasd aR be YAREIS! detethBRets StbreihMh & BBPe signal
502, the received sensor signal is phase-shifted by

phasg jp substantially ynentarepusbsgengsatest evi ousl y di scussed. In

t , i f I i s.det ' f
Fr SERIHE P RBERES Bt Fyelcfo 44 AT rRChRR LR o g™
advahaReushivklconitt® fibrd6aid aABREd 5&tha FRERENRSAPhOR and a drive
val ue, such as phase advance value (i.e., + q) or a

signphamgplittde.aYhe apmbined . racthods 400 andTHY) iphase ethbédimeatsugenerates
be. determ ned by correlating the frequency

can
aCO'Fg’l%?)aggelslgngl'f requency/ phase rel ati onship. In one
entped] GBI blobR@idor GHAYTAIRA @écﬁo HiB1aL &S O0 (P2 &RFBRNL 3680
an enpirically obtalned frequency-to-phase
embpéinadrit of v ipverdtom. eklanploek dmguean adpréseatpubacytious filmatenalities
val ues can qtie ohtai ned and stored, wherein the stored
that gf igeQrparated ade thegPraesssiigcysiert €4 thisemaboiBgBE phase

shi f&iigi‘rgll %R’e(@%tﬁ%t Bl &f\%‘?ttahléﬁlf%{ }ﬁﬂa%% ﬁgﬂgﬁﬁ?@y ﬂ%g Srwn) is at

rel at"onshi p rrses a oretical r 1 onshi
the dpperidt fidoof thediiuet.eThpldase camentfahe qusBo)ltdat HRSInput from a

sense board into the Input Condition block 601, along with the temperature from an
RTD circuit and the two pickoff signals (LPO and RPO). The Input Condition block
601 can perform any manner of filtering and decimating.

The digital drive features are implemented maiﬁly in two blocks, the Calc
Freq_Mag block 611 and the Drive Feedback Control System block 613. The Calc
Freq_Mag block 611 in the embodiment shown uses a Hilbert ﬁ'equenéy estimator and
can use a single or dual amplitude estimation arrangement. The Drive Feedback Control
System block 613 generates a drive signal according to the invention.

The Input Condition block 601 can perform filtering in order to remove higher

frequency components from the pickoff sensor signals to insure that the closed loop
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In step 504, the phase shift value (q) is conbined

with the sensor signal (the (Acoswt) term and the
w@b@se3sshé ft ed sensor signal (the (Asinwt) terPgT/UR2006/035706

order to generate the drive signal phase. In step 505,

drivé Q)?leje{s'avﬁna% ﬁ@rﬁ &ﬁﬁlﬂrgt rlﬂgﬁee bP H' nc &?oryﬁié)r\])gpe@% d@ %gpular the

ﬁlteﬂlﬁg subbé apdipiddd b rbeeked sbéblfdﬂfhrﬂbﬁﬁ:ealﬁf al§ch€ansl%ﬂ§cﬁf'é a twist
i gnal . The above nmethod can be iteratively and

mod@ desuaney &pmythe sensonsignalsy Théx ¢aortredbricrvidin dh“.adjtustable lowpass

ity PG A o B fefien gy i o Brewiohvis s Ghaepacoa oir
C aFI@ e7 ERAVEine Iﬁ?ﬁt@é‘ﬂd‘f‘@&h bMWRR GBI At 811 fo\48 et 1ent of the

phase is substantially instantaneous ener at e
inveghionl HlGe7 additostllyothotsghe tdvetion bfite aﬁﬁlﬁhtzﬁﬂdldﬂmss ﬁlter within

the R En BFPck thN 0 ARG SEMARRE e 1o e
portﬁ‘aﬁ@ |0H u OEnSRGR LR diRt hJﬁ'QSmé]i%rs e %0911 Hé lgﬁg base rate

mbodi nents generates a co Ve si'g
thromgl theltogk 1 Mieannaiondfloek. clmmcblhbmbnﬂng itlﬁdilbasd rhteds ERiéken to be

g.to an_enpodi nent _of the invention. The bl ock
abotj gaﬂ%ﬁq W3t asedarilepper GOLKG) Pumpransisiely endwliapeg The stage

1 de?l%ﬁatio'ﬁ%fr%@ i ltea“?e i&}vﬁ td Ft?cftﬁ 19687 Salnﬁ%es Y ?{{Hezryaéog usec} until the

drivé output

AdJLamﬂld: Loer Pdraitilear hf@ml&ﬁlpﬁﬂcdfﬂfeeabw’&gﬂﬁs ae gal&ed out of the
per left side of the figure. The drive current and

mpua ﬁ@lvhtlo@ plagijas élaeeLPQmmﬂ Gricnabepswelgartle madal filtered PO

signt NEHERTRTES B 611 A AV estb QB%EMP% grtanacles B
Feecﬁ‘ﬁgk BE@e I'l-ngleOdtMBf ebhdd 'gh@h k1 B (%%ﬁ)egcfervfeﬂ{g using any

any manner ~of filtering and decimating.
metldrd. Ve dneatmbioesmentea simplefieintedalnfdieanvgction of WO. 5tﬂ HF ka be used to

the Calc Fre block 6 11 and the Drive Feedback
Cfea@o%%V&ra%;&fttﬂﬁg% BHQ sigrnads, don exappde; Mag bl ock 6 11

'egil"l}x tu%é?@%%‘rgg&e(f Bl?tvg}‘ tHé Bﬁcﬁ a'f'ﬁti % gglﬁ}glg?%gafter passing

an use e or

throwegit theedd;ostabis tcﬁmgwmﬂtel. Btbeh Exté meplEeeffl@gﬁiﬁlsC@mdmionally be
System bl ock 613 generates a drive_si l%nal according to
passgd thrppgle Aspaiig bipek toronvetdprm to snllivobdrvee 1AHmmgnals are scaled

to th@% OJ aftéh éed'.& {lfeﬁué) F A Quf Sgg\ffmn c'i c{u% 1S ¥killed in
he orf | gr?1 SPotens r'e

sensor s

the etrh ar hé ft@uﬁin@%ﬁ@kdfﬂﬁgﬂaﬂb ‘d@b@dﬁ%ﬂe@ srefell lil'i‘t@&ﬁ@ W Freq Mag block
bendi ng node of the vibratory flowreter.

6ll.particul ar, the

FIG. 8 shows an implementation of an adjustable ideal lowpass filter of order
N=100 multiplied with a Hanning window to create a low-pass Finite Impulse Response
(FIR) filter, shown at the right of FIG. 7. The dot-product of the filter coefficients and
the N buffered samples is taken to produce the low pass filtered output. The filter
coefficients are recalculated in the enabled subsystem to give the appropriate cutoff
frequency whenever K; changes.

FIG. 9 shows the enabled subsystem to calculate the filter coefficients for the
filter of FIG. 8. The normalized cutoff frequency is calculated from K, which is the

tube period in microseconds on air, by the lowest signal chain, The tube frequency will
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filtering can be designed to renove a second harnonic
and al so can renove a tw st node frequency fromthe
W@ 2003085336 gnal s. This can be done with an adj uBCHDE®06/035706

| owpass filter. The filter cutoff frequency can be
based on K1, which t ube perjod on Fl 7

alwayh 35S AHO I8 A thedh B eirgRe Bk 560 lla@o%ﬂoawh@w@@?aﬁrameters to

f th 8t oFficferd
pick T RLEE ol s U 1h Bl o 2 HATM It B¥fuency

corrd¢spendingud Kgandsdd authd Icumlﬁf ﬁﬁ@:;heanyi Alllszfnaﬁllvelg@ tehaitoff frequency
Ilngﬁrates used in varjo i

partions of the |nput
can ]&)%PW’ ypgegelly hasedppondhe, aalvg %@eﬁﬁnqyﬂ w gameof @mﬁl’wr
start?{o )?allbc?ﬂ’ ﬁgfogé ﬁlet{”t %@q%@rﬁ:gsg@ & 2b I-Dig%&&t 19@5 %lnoa aén SPCh that

e S chose

the fﬂ&rlg@hhzatstﬁe bhdtequesedierl/ decoder (CODEC) is
appropriately anti-aliased. The stage 1 decinmation
bri ﬁg@smﬁétarfap@f@limnw aodr ault Khivalugnig suelethat m&at the

nighhfh gl B wi¥ichoo F Buaini BRedied B TS BbLLl e gy o

put 1hm$e pf&?.ié% KG Gt foP thelcfk s@of, m@e sdrcoARAl] E%Ei@sﬁhgnal s,
well as the nodal filtered PO signal (designated as

h EIGel (yhowwthe draly BreeMap dtdcke] It degorsiing it arpemnbodiment of the

N T TR T
PO l{gﬁﬁ’me 'ﬂﬂﬁﬁé)”ﬁ@ tusectodalRNdth bRd idmgehddit st@lor \éﬁffb‘h@dde@f The top

) can be used to create an average o0
PealaBdteEPﬁ)osk doal sn thod kElzangats. cahlfte ysed kotélsulateethp amebl

ao st G echin Aaraeinte” R Baeie | 1e i creRths Fe e block

f
00 S SRS BN e oS SN o
ampEtugleasimatethat slreretcorrthagedapphe pinusdidalf dnelidtupebnthe drive
val ues,, which wi]l be a fam liar technique to_one
frequgaicy| &dthen apmiitgdercompiiatioasanersg! eﬁte@w%fo%wrbm the gyultiplexer
M[E@th rates are fed into the Calc Freq _Mag bl ock 6 11.
FIG 8 shows an inplenentation of an adjustable

| dgals thhomeaged ampEtudebhpprodeli albwdthedbiet pleteehivs O t@react to
Hanni ng wi ndow to create a | owpass Finite | npul se

noisppigkonsegais RIf the peay detedi ompldede similghio the Hi be"t apiplitude,

then {1 pBRL WG AR Moty Tk b Bt g BB b TR R g s
amplitddeefiRd tRate Ry broadband hbise fpréé@ﬁ‘ﬂc il eI rBESsor signals. In this
recal cul ated in the enabl ed subsystemto give the

caseafhsrroger alteetr@mp@% cfux é@m@mw‘hlmmdwede Kgnelhtangidige, FAhGet a
temto calculate the. filter

Warrglagﬁag or gﬁrtog 0916({1) 191P1,eanldp or¥can Fescald any preamp gain values.
FIG. 11 shows the Hilbert Freq Mag block 1002 according to an embodiment of

the invention. A Hilbert transformation shifts the input signal 90 degrees in phase. The
digital filter block at the top right of the figure implements the Hilbert filter. The output
of the digital filter block is the phase shifted input signal (i.e., the Re signal). The
variable integer delay block shifts the unfiltered signal by one-half the order of the FIR
Hilbert filter. The result is two signals, the unfiltered delayed input signal (the In-phase
component Im) and the input signal shifted 90 degrees (the quadrature component Re),

with a delay due to the FIR Hilbert filter. The two signals are then combined into a
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filter of FIG 8. The normalized cutoff frequency is
calculated fromK1l, which is the tube period in

wor@rossconds on air, by the | owest signal chaP@T/uI1ves6/035706
t ube frequency vvi Il al ways be equal to or less than the

comBl e e ey e oF B P BE: R g SR o ahnptfhuce,
whi€{TRaHS Eiﬁa[ﬂtlty %@ﬂ‘i’ére@ﬂ 1o dtibe cé‘ﬂt‘folf "I%lf%&%ﬂén@ﬁ E4FLRROY lcélgulated
to K1 i's used as the cutoff frequency. Alternative

front the compéx nhimbeguendys dﬁmldddseﬂmwu Nodel thohy ﬂmmaglhﬂtqdetaalsled
upon t he erve frequency g n of the filter
frqu%m as ygllpgithe qmdl @;@%ﬁe@m ﬁfsal thres signsle &é’é?»c%l’os@dtmeare

calc&@tédﬁ "f}?eCiIrQ ue% Gid %a{ﬁft?&é@%&ﬁp cgu{]@é d%cg }aied ttg]?arlg 3} Phte as

e alr enc nsure s

nee@eﬂnﬁ}@ﬁ@llytddﬁvrdﬁf szd)'ut 560 Byafod@sé s ﬁl@@?lvfefb@htxbl TBe fkquency is
t he hi ghest frequency of any sensor it mght be

addlél@naiécu?@d fop thedeinsitwayd flpwidadculggnsf ai |s to put in the

| t th
DL ERE! L4 nd® 1R aMisst Eafiet e e sk, 1T FiRe iRt o
emb@@ﬁﬁérﬂ Iofiehd Bvetid! b@ﬂ'h%ﬁﬁbeﬁff’r&éj&nb? \E%ﬁiﬂa%f bl&h@l I(WO the I and
sets of pickoff signals (le a and h

Q signals ereereteived foth POHighty iThe sxgnp]uns slﬁlaaneé bwsm@ stample and its

compL S BRHEGE IFEEK H0A0 dhoT e o e AR PP 1L gRe: Hhd the
tlmé@e%jyetd%o%ﬁlg%% RLEItS i §(519151@J( nﬁfﬁ%f {V‘Hg%gaﬁ%c% ?s?th@ Anfle between

peak detector, for exanpl’e. | ower

the ﬁvcevzpli%rag Tﬂnbangleﬁt(b@em’ms t@o Hﬁbt@rst wss gwept qurt ovesthie sgmple time
appr.oach on kHz signals to_cal cul ate an

dt. Qﬁﬁﬂm&}h@ a@&lﬁ .baféb@ satRBle tinse (P gives|the Egavendyhe
Si nusOj anplitude at the drive frequency. Either ©)
n‘ﬂ%J de conputation can be sel ected and out put by
t he tiplexer (MJUX). This two pronged anplitude
appwedeh allows the neter electronics 20 to react to(10)
noi sy fpi ckoff signals. If the peak detect anplitude is
simlap to the Hubert anplitude, then the noise |evel
|S]éec—ept able. If the peak detect is higher than the(11)
Huber t 7’énp| itude, then there is broad band noi se
pr o
e et L sl BRI B D Bt e Stimate

The&ubgclﬂate tabduaidf the Feequency S edkea, mcmthegmfglleaﬂmotlole mwrretum a
condltlon and/ or can rescal e any _preanp gai n val ues.

neggvg numbesh Fins thendendl pepeessine §f e bpat KT eﬂ@l@@%@@éﬁ%rphblock
o} Ryl STRRI IR £l AR BT Ans MASF e G0 guey s it

the RP@s&. LA ereduandied. filter block at the top right of
the figure inplenments the Hubert filter. The_ output of
t hdkedergingAigay totfs. B av@keta Eandh@ S}lﬁmléieg%m fhedlpw rigasurement,

and %heggequegwy %oes {ohb tﬁ(ta’h nzi densn%l measurements, as discussed above.
The frequency and magnitude, at the lower rate, and the feedback signal, at the 4 kHz
rate are fed into the Drive Feedback Control System block 613.

FIG. 13 shows the Drive Feedback Control System block 613 according to an
embodiment of the invention. It should be noted that the Drive Feedback Control
System block 613 can include more than one sampling rate. In the embodiment shown,

there are 3 rates that are employed in the Drive Feedback Control System block 613. In
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vari abl e integer delay block shifts the unfiltered

signal by one-half the order of the FIR Hubert filter.
wab@70esmt is two signals, the unfiltered del BgEUS2006/035706

i nput signal (the In-phase conponent In) and the input

the e?h@(?lﬁhleﬁﬁéﬂo éltlgeothg%glrafe%‘c‘ag%gleﬁ(%ﬁ% orf he fre ?rn‘ﬁggl%glteand
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uses St BR300 Ty G BT TRHE Sesl sPTEREDILD,
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v ERSHESER . RSO0k SO0k e e Sobom g aever
Ways?:gfrl]{)\tri}g\(e‘} Stgl’g%g?né‘l:)\@%)? ch&gtgd H%ECIS &gﬁgﬁahgﬁ%lﬁ?(?@?e&g The drive
signatéstitshpkss@bntto alHiByst Sltetblock 1 803 saatartdithgoh®@irdPIG. 11
(discussed above), but operating at 4 kHz and with a smaller filter order to save
processor bandwidth for this less demanding application. The output is two drive
signals in quadraturé with the correct amplitude and frequency. The quadrature drive
signals are passed from the Hilbert filter block 1302 into the Group Delay
Compensation block 1303, along with the drive frequency.

FIG. 14 shows the Group Delay Compensation block 1303 according to an
embodiment of the invention. In an offline, one-time fashion, the group delay through

the DSP is characterized experimentally with an offset and slope. Alternatively, current

sense hardware in the current amplifier can provide an option to calculate the group
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enbodi nent of the invention. It should be noted that
the Drive Feedback Control System bl ock 613 can
WO p@b0ss760r e t han one sanpling rate. In the eP@DUSI0061035706
shown, there are 3 rates that are enployed in the
Drive Feedback. Control System bl ock 613. Inthe
delay:peyBeHRaHON SHURKS; Treehesd delay m%%l‘egrt% compenee fa7 thegroup

] . e . .

delay o, hiSbh REHEADCT S 1EORLIY BuchStod Mictiny Bfpdnly Bpscd to

calclgtezhe Tdgired @ sug dvl@ecampeirisatiom{ice, tilepAee shifoekud @) Lin the
The frequency and magnitude estimates are used to

GroupalDelay 4teanpensatien biark padd ustrgrbarxpermenally detepminggisigpe and

re.the units for th i . Ih 0 [ iy
ottsdf 31 Ay gt sigh s BT ¥R RRE oF SO P Yoo e
requiréd bhgser A NI msankitesH ardd¥iimed NEh&GGHaL BE e kaRilbloals rédults in
outputs. The first output is the Enable Kickstart

a dripeisigoel thei kasube earresipbose, fivauensyoned suppindeite drikie thepwgpsor at
Gain output, which multiplies the feedback to produce
Tesongi&Cdri ve signal. The drive feedback | eg selects h,

t hRef@RARS bicl 1ol 16T, 89, 1Rk Gl Tsiglag Refed intbrOmvitdheod e 8t side of
possi bl e"choices (LPO, RPO, and h) . The temi h is a

the feguneisbi waimad iogeratiomthet dveitah weseeh thedpivdisignel threughenmbygital-to-
and . with v i mpl i tude, dependi upon the actu

AnaGgivedien R Baf vk S Y G TR BB D8 fEFB R0 (see

FIG.V‘QF M d W& TUhtthbMbBiREs 8196\9&,%58% 11490 1A the AGC block
response, 1.e., It provides a differing control

that endbiber d kigkstepdeaurg Gopeeaqidndyawhbn theds ckdlif aimglingletfabybelow a

s e BB B ea el LS A
block lc%I[[na Hemh ‘%b%%fcic%tgﬁa@%&ﬁ s@it@ﬁﬁ'xﬁtiﬁﬁ t@l@?{%@(@&h h8dt In the
a faster rate than elo dain, the [oop gain uses a

kickstattenddeaREérlgly aninpecdakrpi the chiop biecknailthé ifytop of tlnstigiee. The
~signal conpatibility. The output of the multiply block
chirp blockeuiity e signghaiclase te He Baxinann cpyregfusagijtusigdn an open-loop

e e R B85t PRABGS e fgh e s
“star¢®T KeadH RAFREd b ehdfioRerf deipiyu &tk deediag elplck e tarbet. The
several ways. However, the novel way presented here is

freqeeneyuangdscmabised ohflag ipseitiousryduel of dave figaegncystheirpige of

e e
time HfgIRP %é’é‘tﬁé‘ccﬁre%ﬁ@ﬁc}iﬁg K, ideh @ity Qhl @rwide r e o%ﬁﬁl_%g%%ad range

bandwi dth for this | e$s demandi ng applicati on.

of sapsbsutThese vawowbrangesshgmaltimtitine spnacr willstertwivemiftineorrect sensor
oo Eske SR S S0 sauenory The puadr LcS gl
with! dfrdstePfes& oup Del ay

The output of the switch, whether in normal drivé or kickstart mode, goes
through the interpolation or upsample filter, typically to 8 kHz. The drive signal is
updated at 8 kHz, with a final output rate at the codec (DAC) of 48 kHz. One skilled in
the art will recognize that the choice of rates for the input, feedback, update rate, and
output are tradeoffs based on performance requirements and processor bandwidths. The
particular choices of rates can be optimized for selected hardware and for required

performance. The particular filter implementations, including the filter order, the cutoff
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Conpensation bl ock 1303, along with the drive

frequency. FIG 14 shows the G oup Del ay Conpensati on
whb@ck3sB3O©3 according to an enbodi ment of the PCT/US2006/035706

invention. Ih an offline, one-tinme fashion, the group

frealiiReR ol GEEBIEnE & RisDalS AFTER RRER BISPOu Ll GHer Seargat the
sampB AMREL fillfar lbﬁi%lrﬁ léﬁf—@fftfregﬂpﬂdiéé, | fc. GRE ﬁgfeﬂvfo{jgxﬁﬂple only and the

option to calculate the groupdel ay coifpensation
clairos atei mmé lirfibed ph aiseotithk ayveneyainpéet. t o conpensate for

BB B AR eRN) s AGRUED 88 st oo
oL 1 B0 110\ L 8 SRS PO

dispGoemensahpltndbl(cakaihB@ill Gismplitudes) axide ise®bindliisplacement (in
det er m ned slq%ge and offset. The drive quadrature
mv/Hzh nhre Agi(e blaekrd 300 hes pre ewtpyis, e Engbledigkeiart oytnvé and the

. i.red phase del ay conpensati on and sumred. The
LDO%B?%%§H%?£the sum bl ock results in a drive signal that

hasn tHeefiigpbloeR bof FAAEC B1666UBIC Yhe BipfltsPdTB rhtidédao toBve a
drive the sensor at resonance. Referring back to FIG

displagemenpiepate¢niegs il gnathen thefagtial displagemait etnabthe lsetpbiet.tthe

o 3 SR R RS e o
for tROMYESELIMPIROES s@t@(gin@s. Cllél\lfegﬁi@ Eiat%mﬁllt) drﬁﬁlﬁﬁd@sf‘@eétﬂ% gétg@tyf?ilﬂyert for

to the driver 180 (see ). wever, in

LPCe R amdnt) sbdedhintd e AenpliudoGheck diapnokeid Hlock ) 1AGGis block
C‘%Iﬁoct; t hat enafl-es a_kickstart feature. Consequently,

checks & be gareghaticdt six ampilifeded 191é crasiHenigwabes thah pre neat 1.0 and

. r , i . .f.ai .
s G PP 4 ] SR S AR, o
block iwbdetedts fkht asitsor sv@siddots Sieistioimidy Mt1®% hEf so, this block feeds

ki ckstart node. In the kickstart node, energy is
the evgrdwobnfprasiamie thaKigstrsexershoetHegicdileck.op of t he

figures. irp block gutpyts a. si | at close,tpo.

 nd it Db et Rl MetEte EnRink 3Bk sPloof =PRI B is 1ow or
excebls tHel dviePsHDoe et ssHol. O aie sayEfiak i8lidw, 8he Bhable REukenedsignal is

ranges until the sensor "starts", which is defined b

: . . : . Y
asserth@ P eithef thedapkstant theenakied e it Hdhetameplitiidk stavetshog tiyeblock also

The fregue r es e hased | ast previous val ue
send3 TGSt GRtR] ey oTt Rl ARGESeS bFloBquenci es
CONt RRPRNIENG a8 bt@ek?fhﬁ is%l}lfafs%i" SRpYinER dRERPAd! sg_&cfeﬁ. For

density several tines er that "the correspondi ng K2

examiplesihey,P@Qadd RRG peakr datepe acosededtery Altbmatidelyamgergofment can be
madgf FERRE PREH F1O ARABPLLONPUBAEDP! PiiraR Sy s, T another
o, 0k ADSITE e PLESLIGN. B8 B e pcf s oon
differences in noise, etc. In any event, the maximum of the LPO and RPO are selected
for the control.

The output of the switch is-fed into the Kickstart/Overshoot logic block, as well
as being fed into the difference block. Since the setpoint is now normalized to 1, the
error is simply the difference betwee'n the actual signal and 1. The error signal is fed
into the PI Discrete block to determine the loop gain. The output of the PI Discrete

block can be fed into a summer, where the nominal drive current is summed with the
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The output of the switch, whether in normal drive or

ki ckstart node, goes through the interpolation or
waipwaopides filter, typically to 8 kHz. The dri vRCHU§IW86/035706

is updated at 8 | cHz, vvith a final output rate at the

outp%?g?ﬁle(ﬁ?%?% o fIn %el% quélge%tf h}l s er%@?tglﬁﬁ%geﬁﬁwf lcol a nominal

recogni ze at t C

drivé @@ﬁl@rﬂc‘df 0. U@@@tﬁﬁa’tfo@ttﬁocl@%tﬂ% ﬂ’tétm@&ﬁluﬁﬁ aeeafifity Lgﬁ%ﬁff)ut

on performance requirenments and processor bandw
currqie figat thesuhuned ordpuk sesuttinginghe Gaal loep @ptni. mi zed f or

D EF Cgr AT PR rRens SOFBHOPITE| (o g it ument can be
subsftdﬂtﬁaﬁ? sﬁﬁﬁ@lrdal tst"&q sUEANH REOUeNT Yt 185 fof"E)ga t%'oggtg%mphﬁer

to ma the chosen rates. 1t should Be u
can ppryttetin é @adpinis g er, dt @s, driviel andrabssierusrent it bah fpositive and
fre nci es, _etc are given for exanple only and the
negg} g e

Bos- nlts plows die Bivessoptrst to prake theetio gyring
OVGrElll(Sét o%%vh%ﬁ%ﬁ%etaﬁﬁ) @%Wﬁog@'e?c& Lrgbe (AGC) bl ock
g to an e

1301 accord dinment o e I nvent| on. The
ACEIG ebeshosss @Brapoptidiml-Titegiat (R convb ke dtsdaiacemmnt

eI (containing all 6 anplitudes) and the

emb GG it TSP ABIHE 0T s ey rocetiied AGEPBdokomie AGC
oS A PN RN o S Y e
into 536 ihodd biethe fipiat surafeng BlockReth h@m@ll‘b@e@h@hszpé aﬁ/ﬁ@i‘?ﬂfe integrator

{)ercent age, i.e. when the actual displ acement equal s
reset ignal éy i assertadna saeplaaliscreie ilrﬁegramrsm@c’elmam the ndw@ignal is

o8 ML ST AL e S P v
inte@@Pgdit 0dBSs ﬁwﬁ&hul‘ﬂ@‘h@@'b/yhhé @a@ﬁﬁle ftl%e ‘M:’fah rﬁﬁ@s tBE ﬁlt%ator

are fed into an Anplitude Check diagnostic bl ock
respqufiesnéenes derstoé diressanaple éingauroltavang atalndsudxcomtrplllet dmk@ good

tent nunber s .t e.near .1 ses
pracibdh e B OC B I saly e P tof e et Hlodeatis Teature
r t t RE:] .
oo B A AR5 v
as Wt)hidshakppamkl fheedse mh@ltmnwdsﬂmcfbr exzhaplemt i on to the

Ki ckstart/ Over shoot
i @E% {UegTAe) s7ssheighal i lagt Q\?@Rn%tgtlehtﬂhn‘é%m} thetlgkstart is on or

wheﬁ &ESHbe @Vajshédfgﬁ hd lﬁﬁ%?}% i 1d°ex1€‘§§?dsfn ttlﬁ%e %é&@%ﬁé’ﬁﬁegl ator output

t hreshol d ude 1's
is sekiocdesd.afrt theiffysiadasé, shadgegrard dobd nei stdreto whel W ek aid tube is
.is enabled or if the anplitude is overshot, this block
trying) tq §tagle HH%H@ZW@!O@F] aTO pesigthe tps, angrif-delayds used to hold the

At ock, .t.he si

1nte£%t?)? gﬁs\%ﬁ e?t(‘@(%en co H] e_%mgﬁ Lgi% Efl&e rg%%l%flgg t'?‘t? overshoot
lets ﬂhE’@oﬂﬂﬁ@ﬂ dypenpéidte ﬂﬁtt&Bé a@pﬁtuﬁl@ ldeGinadere i SN ARV No integrator

an argunment can be
had to wind back down. This feature dramatically cuts down on the overshoot when the
tube is highly damped for a period of time, e.g., by entrained air, and the damping is
suddenly remover, e.g., the air is stopped. Without the reset feature, the integrator
would be at the full current limit while the tube was damped. Then when the damping is
removed, the integrator would have been putting out full current and then integrating

down at its time constant to a smaller value. The tube would be at too high of an

amplitude for a significantly longer time without the reset on overshoot feature.
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made to sel ect the Hubert LPO and RPO anplitudes or

the nodal anplitude. In another alternative, the nmv/Hz
whb@ck3ssan i ncl ude | ogic that perfornms a sel ece€DNS2006/035706

based upon differences in noise, etc. In any event,

t ! . P .

B R R
operaliofi ks tiay frl fPvet. shaofigureghowbkomls of dse jaales agsochédyithelle non-

into the difference block. Since the setpoint is_now

lineamdniveagangod aprroaches of tleg proer ars ‘Ehersipyplehi the figrieos that a
b . the actual si _ i anal i Se.
sancRgh B o o AR etn SO B BBl S

whicl @ildie isTh@inRihRAt ovelsHode fdtlovkdsisy £1dn gkl ®r kpsacheo fiedetpoint
Into a summer, where the nomnal drive current is =

amplgudereBhabattont hledghpws a similérecupre, upbere theringhie condition is a
enbodi nent, the inplenentatiop defauylts t '

e e Y S Bl PR ol PR R e o

ofa t@ffé&ﬂéﬁr‘z ernﬁwhmmlﬁﬁﬁ%?%cééb{r rents fromthe sumed

output, resulting int final loop gain. The current
anybieftharafieatheerplechuts ddwretheraispini dviee dlongeh émsutoptart up than
current can be supstant.i al | I nusoi dal ch a £

the inifAkATEE R, QARG R S1YeR (e SBRBHEIeS SUHh g CpByiabt of he

LRtSe o) auaflr ' lvkd 63an GiiBoand

fow Rl SBRLEIEe ok TR SteptipZolloh b 7 An ¥ o

chardditdragiciofasonTitiear ativewsstéhe While/ emagnefthe PID lbomkan siesd up
fl owt ube(s) durjing overshoot or when | arge anounts.of

the starion and miainize itheoyaghqiae bep by turgng AplCoqpensates for one

condRER Pl PRSPy o oL bt e gy

robu§te6 PeMarbatibhs) sPEH 4s Roiky g flows AGLE/blophkaseIWiy, offiesign changes
|l ower leg multiplies the error by a proportional gain
to thedemer pulsgelsoffs i nt o one node of the final sunmng

1350k CAOPLR: A30E5BL4R agh o R 4o SpEoetite s,
mosfd't ﬁ%ﬁ&(s%&ﬁ-hﬂé@r%?r iVhRr RENthhhge Tesibationalbcits isaddriplicd by the
I n

previ ous egrator output signal. The new signal
gainj 8yf defsiitionuthis philtgdichiron enamitieggr aFughenmare, the igko1f response,

s L PR, DS S 20 AR AEE Al venen

. Fql.l Apglard control |l er design good practices,
hneatrﬂgs%ogg?ﬁlor output is saturated with the

" affhé sydonduph-lhicaniky is Brhismoeasubtle. Kéepsandaed ¢qitasigndpr a linear
fromintegrating to infinity if the error signal does
sensamesawea@élvpﬁbfm, as woul d happen in the case of

S WP Bhor SRUAFRET 75 fi'an when the i cketart (5
w0 S e sk
response, and F is the force.

What is typically left out of these equations, but is an important assumption, is
the fact that the equations are linearized about a nominal operating point. The equation
for the linear system is given more precisely as:

[HY{F —F,} ={x—x,} or [Dl{x—x,}={F-F} (13)
where the  subscript refers to a nominal displacement and a nominal force. Since the

standard control loop does not account for nominal forces or nominal amplitudes, the
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is set to zero. In the first case, the integrator does
not start to wind up while the tube is trying to
W@ @70353mé ni m zi ng overshoot. To assi st in thiBCT/E82006/035706
off-delay is used to hold the integrator off while the
comn i tude.. The es t _du t ube
respbtgaBaserates il S Forotfouht arlie sk apgnot Stem, is
func@@ﬁ'df&h’éj&tﬁélﬁf‘ Wl?orﬁiﬂ'apkirb’est AdbrhplidhH& Al be %Iﬁjsé’ Hgﬁ@l@len‘c on
to wi nd back down. This feature dramatica Iy cut
the Topss; biéffosser artdodampihg of theeflewiveter strhciyhd, s delipadhé BL @nsitivity

d dth
coefiEieniofthe UelR b PP 2 0o the arr i< st opped.
W trhe Whetb Qe difsifids efn?i%&\%\lﬁdi ﬁ%ﬁl’l@néﬁ B@ih%ﬁlts‘éﬁg u‘ag %ﬁaﬁ%s in the

the full current limt evvas
feedhancartte] deoyptoriineasize thewyedm. t Tieert ategvadtoss t\oﬂﬂiedufh@the
been putti n? out full current and then integratin
Qrj

SyStQTBuFPCREN RS Pt o HReart s slesrbaerboyal Bethorriee botipean be
used"‘t‘&%d%ﬁ%g@i e Qn ﬁi &J%d%&w%rfe outs&’?r%réq o&'élgee{nvgﬂtmn The result is

a hnemecrcﬁlltt@d)loo‘pebhhﬂhbbuﬁlycﬁonlﬂ)ls heldties hwaditioh Ve Sheshdibn
plots that are representative of a flow ube oper at | on

hnea,rhzeﬁ e (qut@l legprwh ﬂm@tpn@@p@l}gmn‘g@g@m @ﬂly eregedsds sensor

T e
f i gHe eirsnuarizdirh r@m‘é‘i/@e“‘ﬂ@rrﬁmlt@ﬂeaﬁ\'d’lﬁﬁf [Py BY fJ)l‘%ﬁl% the

t akes several seconds to initiate tube notion, after
respoiiedn benmity. iThere arglagtuanher aif vaayerts Iacxmmpltslhltbmedgbylsmg a

l.ow a t he set poi nt
corn 08 P RBARE 8 P oA B % B e uar
wavé Bt adtc CPRE it ddwd Bab@8Tsed ﬁﬁ%‘h%@&i?@él@ﬁla?éﬁpilhﬁlﬁg&e signal
whi ch triggers the drive to turn of hese plots
to ngraraizotheatoedbatkitb ondy. Eiveyltlerughi thérelis stillinmmgtiphiatieasperation,

tetha after e drive shuts down there is an even
multlll\lgﬁlg?&bx ﬂ@est%(’tﬁfigratnoﬂ}phl%ﬁﬁ‘gﬁyt he initial start-up.
So 0 t
comEy oy TR 4 QAR QP BRI LIRE Al S gl g5 on
embediandnpf e ihosetbnbynaie figeres t}@qnclt@ff ¢dedback ie mioshkzed by the
non- | i ngar driye system Wiile tuning of the PID

ampligigs 18 Hadpray ek aithe bofsoad the figwiez dNateghat variations in
any Q! %SSt ISOT ’dgﬁ&mﬁ%sﬁe J{Smtaﬂgélz}g%&%h}{t[eﬁ ?na§ Frxsr{o%r ”ﬁ}g second

con near S resu

lineadiziatien addd mad ndradAl fdned bassd iPbn e éleqﬁcﬁﬁu SThd eﬁnphtude setpoint is
perturbations, such as noisy gas flows, slu ase

multiplisg byog ‘H@g}u@eﬁ Getirmnllesk tandragged to o &r opmtjm qdn‘@gfzé -Degivative

Lk PSSRl SaBORHAE b g

result$int ah@enfsaﬁéystmthatt BErfefsaRSTBI vUB] REb H¥mbigHE { 1tRY h%ggmally
by the gain. By definition this multiplicafion i

stablgodn cphiselr terrm thik dinpwized sybenpisaiodf @raopsharesghe PID output is

zero when the system reaches the setpoint. No error is required in order to produce the

nominal force. While the nominal gain is a function of the sensor dynamics, the control
system is now sensor independent. Consequently, an optimized set of PID gains will
work for a very wide range of sensors.

In the standard control system, which is quite droopy, the error multiplied by the

proportional gain plus the integrated error multiplied by the integral gain is used to give
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acting as one of the nmultiplicands, depends upon the
sensor dynam cs, nmaking the nonlinearity sensor

wale@anstsnée . The second non-linearity is a bit POF/ES2006/035706
subtle. The standard equation for a |inear sensor

o GEPATREEL NSRS ok AL L bty o

mask,eiffhysgahe dhnipaid i X, X is the response, and F is the
force. What is typi cal ly left out of these equati ons,
butlhe keyho th‘rﬁa eppigaeh Egbanpmineh gainsvalive This tvatuearn bl dound in
line zed, ab nom.nal operatin
man AR 9L Ot SRR R0 RE B Bt sers P o he
] @afdyr @@sirﬁ 1I hasreabiibd Bamplt Oy
non ga i ﬁ vvheerae : hga%]s ul{t%}s\éa;flil%t‘&rsef gﬁﬁe& @agﬁosu% Qbproach
can h@ m?ﬁlddp g@insliﬁlt@a‘d@m@mecia‘mdiua ‘Ao orainat gam&;anﬁend@lttﬂed with a

t andar.d n doe t account, for_ nomn
31m1:§18  RE” of %?‘Fo 1Y]eg|at éﬁ"}B‘PP la{}% Eg&ozpw@g@scﬂgﬂg ang,erudp éystem ID. The
, | ck
ronSSSAT Al ol U BRSSO Ll
FrequenéynBesifonse Esnetivh @RH)j drutie R TID ecsiitartoay f‘cﬁre:xdmpwl dent
on,the mass, stiffness, and danpjng of the flowneter

st FRRSY éﬁel’a@ﬁm 19 gefling fe measyEstsgain & toyletbenenssr swttsup with
zeroXor dﬁlﬁgl %{ ioh Ve O L CHD 1fls ﬁﬁ] In?lZed tl@gtgﬁdha?% gglg R grﬁlgsfer

ds in sone e S’ n Iude C

the ]?Id'?egﬁlamlunﬂiaﬂ intolthd ﬁJ@mrIaD gdtlh Read iégee tHe T i%d 2 for 5{%@&?
two steps to lineari zi nlg t he system accountin
ifhhEhis sphermsn any Maagtian efdhe BER rgiabbﬁmlalbm@ wilkbe frethicative of

A0 LSRR T APRUES s or
longatetrh Redsti GO6L thelPTDOSEN tdidbe 5 obySIE] poveaall rd@égslow@

drive. In addition, the invention |linearizes the
cofitol9 rerpprisdsiar @}&mfdh%\hh eraized deive sontr Olra}cbtdmgtwan

e ST G A G0 A G
startlép AE@FdcbaEHOMMES FPY&BuL %téﬂﬂ kdspBhdcC ahd Yr?ak@ QR PITH &S tvariant

forcing the response to be unity. There are a
to amplityde. dhe fimyse slhwvactbaimpe umprdvhnmntsea.ogordmgtm@e anvention will

tion factor ver ing to a
1ncre@%% %gggalﬂaf’r@%%efo&dlw&f $q1% "g’%@ért‘é’ Per, etc.
Th e
anpl (e h??f%lﬁf#éﬁ?aﬁedﬁﬁﬁﬁ%@%ﬁac 8 Sfif overshoor
and derest ﬂleltugm'e lteklalred irsoisler td achiavelthe pdtpeiat heplitider dsirghboth

mul t.i does not add a non-linearit
linearizations I}/CSITI%S m su%stantlally no overshoot and a much qulclyer startup. The

bottom plot of FIG. 19 shows that the first linearization reduces the recovery time.
Using both linearizations eliminates any recovery time. No “if” statements are required
in the linearized loops to get this performance increase.

FIG. 20 shows the setpoint amplitude independence of the linearized loops. At a
factor of 5 increase and decrease in amplitude, the linearized control loops show similar,
much improved performance over the standard control loop. Much improved
performance, e.g., faster response, less overshoot/undershoot, faster startup/recovery,

etc., will translate into better drive performance on difficult fluids. The improved
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FIG 18 shows a linearized drive control block diagram
1800 according to an enbodi nent of the invention. In

w0 b@7/083306 €, t he pi ckof f feedback is normali zeRPChyS100€035706
anplitude in the "PO Normt' bl ock at the bottom of the

perfo dxjx cre AR eGrik ?61 | Cgiva ch‘ogc&ﬂ? ¥o 9{su§tqﬁ fé\@ﬁxs'&ﬁlstramts on

amcs are au oun
the d@@g{wﬁofsﬂﬁgoﬁmﬁwﬁm rﬁeﬂersZaaﬁl;ﬂa«ﬁﬁds in a nom nal
force based upon the setpoint. The anplitude setpoint
i &hnmetﬁpeheémomys and Rshadslaceriig t@ﬁb@ javeghen syyeiemployed
Proportl [ Derlvat|v PL D
cccobigt 8 Reen I0E Kb ENE iS00 B ik S BB Bet ieired
The 1bb@11tf5ntfbrgﬁid@s B8 SbkrBtel A}V sBEIASOThHS Usleatibh Badviddsf edrsvedignal
effecti'vely zero danping, i.e., it is marginally
for awy migheer dfipickdf sasisor. eThfsmvmtil@l Nhﬁ@@ﬁlaﬂﬁ inssardenEmensly
S zer
deterFsseniribapial i ibpisrro ket Brrs sEEr P fpd
accu1%éjﬁ fratles a%éi’l@&cﬁgﬁﬂe T’Hé"ih@éﬂtmﬁﬁfr@ﬁdeé’\@ it sBert PRy en@an ?ésPonse
function of the sensor dynam cs, the contro
to chmyghg lﬁhomscmmi\m(srfsns’ﬁre invelgperndenides Cdnise qwﬁt thpt detpcts and
m zed set of aln will work for a very w de -
fouoWé & HIoaBIFS R &, qVYll tandard control system

WhHED n'vént%f'{ ﬁl%vﬁfeg %Qir{ ive %%na? Wh@felﬁfﬂliet &l ﬁganX)h'a&%s
proportiona l'us t integrated errof miltiplied
subsﬂamlﬁllyewcm@gnﬁhasg a\nth ihe sewssod signaphest h@he gmvensibn fpow\oées a

As a result, the droopiness is_ver ch a function.of
drive wignal gvheesin shedigee signpkiassis Suhﬁan%a&%t)ﬁ]@ed hage ihgut using

t his
feedbac 6@1@ O\Se%lgllan Aosfo%lags g%ﬂ?@@fgﬁgﬁﬂﬁt H@elslﬁ%t ca_ Iﬂ%% {%ase
conh%%e@h@fu@ﬁ*e@ﬁéﬂdyr@l@@nsor appr oach the noni nal ga| n

is sinply the measured danping value. A sinplified

di Bynswentien arpmdmahfa&taﬂlaﬁ% cigpenspEoR Eiépdrantagrausly can be

confL e B e DS ERIEP), S T, RaR A L 1

requiRSMERY O} Bk @iVl Sifal 2 MtheGAAENE 08 Y3 b EHRd @betﬁi&lm Ribeaksponse to
gain can be in a | ookup table based on frequency, the

entramm?sm emlmomrﬁkt@opsrema;furh@mm Spertingt iIoA nqmrm)m egpbles a

he res sta for exann eas ernativ

flowTgdp 1N SINE: e ssP B SREP et o Tecg Ve EhDR a'ore
accuPdtB ChariBeMb J{bnzﬁr Hifof ARl seﬁﬁir@ lgn@[‘ dTRd tiffenti BE e@IV1& a highly

IS mnmzed by the standard PID | oop, transfer the
accuPit®igpiementatioarofi fiivametee diagnosieds. gai n and reset the

PID integrator output. Wth this schene, any variation

of the PID gain fromzero will be indicative of system

changes due to changes in the sensor, nounting, or

fluid conditions. Short or long termvariation of the

PID gain can be a sinple, powerful diagnostic.
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FIG 19 conprises graphs of the linearized drive
control according to an enbodi nent of the invention.
wab@7/083306 € shows that these |inearizations deRPCEHESHE6/035706
startup and recovery tines, speed up system response,
We C?nd. make the PID gains invariant to anplitude. The
3 re shows that the inprovenents according to the
1. beéi/ erét:tr&ﬂcyvpd) foNEdRAGhSLAS RS sipRIIFEF ARtegoenflowmeter (5),
ficul ds such as two-phase flow FIG 19 shows
comptdsmg the first linearization dramatically reduces

orartePaoR BT RVt afie (st fhuuby
ﬂowrh.éﬂaﬁg)i g@ii ons results in substantially no overshoot

qui cker startup. The bottomplot of FIG 19
s o cdskimg stybtent (203} id ¢oremmiativwwithetoogsrfadee(201) and

conﬁé%gytgéfeyﬁﬁt i sefsor Rigrie) @10) Aberreni e (e roRLEPaZTm
subst'%ﬁtl'%l o s éé:sdco c?&@éa%ﬁa&eéhlftgﬂ §en'§§1r glgl ARAGErhiRE ra%ﬁfa@e shift

WS the setpornt anplitude rndependence "of
valud (@@ flonne &eyaatylroquese Af the fibetay fiwrbeteny)eewebimadhe phase

i SR G e A5 e R0 Lok 58 i e
d
o s R 00 B 5 PRS0 o

the séraot gﬂgnat(anom{dr@@ phaseyshifib@ sensot bikndll and geneeate ratchrlve signal
better drive performance on difficult fluids.

amphtn@@ (RIS [béi?eldd}fhfﬁﬁ sensen dignahaaplitde (A1) o hetein Hw. %VC signal
f h
phas EAR M oo Bt BBl ot FIEL SSARPRERCRE T, (Rt o

The nmeter electronics and nethods according to the
i nvention can be enpl oyed according to any of the
2. Thmmrmumnim (2><9)o|cgJJ laimn prwherain the phrsershatingis agdermed by a
? %d The invention provides an accurate drive
Hilbert GAB$IO™ e i nvention provides a drive signal for any
manner of pickoff sensor. The invention substantially
i nstant aneously determ nes a drive signal. The
3. Thevendricdectpnmsi(2@sofcleim Vewsh gnaphash ahlftrwqiu@@ camgprising a
accurately tracks a sensor signal. The invention
comp§aiiqe¥alef ast er drive signal response to changi ng
fl ow conditions. The invention provides a drive signa
that detects and follows flow anonalies in a flow
4. Thahetéralectrbnesi(20eof ¢laim pr with desdeenninieg the ghase shift Value )
wherein the drive signal phase is substantlall | oc
compS e S S A B G EP BIRaL05 DRGNS griatonship

in Orggrtoﬁgga%ttﬁéw%el o%g%‘ }gﬁxg)lroel n the drive signal phase

hase w t hout using
f eedback. The invention provides a drive signal that
does not control (or need to
5. The meter electronics (20) of claim 1, w1th the determining the sensor signal
amplitude (214) comprising:
receiving an Acoswt term representing the sensor signal (210);
generating an Asinot term from the phase-shifting;
squaring the Acoswt term and the Asinwt term; and
taking a square root of the sum of the Acoswt squared term and the Asinwt

squared term in order to determine the sensor signal amplitude (214).

28



10

15

20

25

30

control) the output frequency value. The invention

provi des a fast phase conpensation that advantageously
we@an7ss3coupl ed to a fast frequency det erm nat PORUSZNE035706

invention mnimzes a current requirenment for the

drive signal. The invention provides a better flow

tube response to entrained air conditions and to
6. Teith¥tef HlebtrOMTBS §200RE ERihON il AN &aLH S etk ﬁén'cﬁ amplitude

flowreter to drive closer 'to a resonance frequen
(215Tftfél‘th¢rv@1ﬂt1mmm$nabl es a nore accurate characteri zat| on

o T o e HBE 6t
di 38199t the Seér &'gﬁél'ﬁmﬂhtuyfgﬁrﬂ% %ﬁ}eﬁ o4 F&?e};étg He 31‘?‘56 signal

enerating a drive signal ato
amp%lﬂ)de (Cdhprwid thg:scaimg betieg based dn20é comparing ofthel segscﬁ signal

from ewbratoryflovmeter (5);
ampilﬁ@aﬁr2ﬂ;?b%é§§@%@}@iﬁ&té%e %) in comunication with
the interface (201) and configured to receive the

sensor signal (210), phase-shift the senspr signal

7. TheTfgteselbstranits @) pf ORiwleg fgeisertconprRalgechdrping the drive signal at
phase-shifted sensor signal, determ ne a phase shift
aSthLthb%ﬁoWPéﬁWra( f-r equency response of the vibratory
fl owreter (5), conbine the phase shift value (g) wth
the sensor signal (210) and the phase-shifted sensor

8. Tiegnater tlecoiles (209 of enRehAL EudhadrconrsingMirpp28R drive signal at
(213), determ ne a sensor signal anplitude (214) from

a starip afethe HovanajerS), (\@ﬂa);heamm*pﬂm&cmm@ng RvEemtg shenugh two or
d d litude (215
morg S8 By PR A B 0Py Sap e (1) “whorein

the drive signal phase (213) is substantially
i dentical to a sensor signal phase (212). 2. The neter
9. Thieguttenelicctsor(ief20p ot claiinh, funtle ceinprishig lpteaseingihé tiing signal.
is perforned by a Hubert transform 3. The neter
el ectronics (20) of claiml with the phase shift val ue

10. (&b Iﬁé’ceipélbétkélﬁcsa(z@ Hpelaﬁﬁtll %W@'CH mélélgThe met er

el ectronics (20 faim1, wt termnlngthe
phasleukiltmgta sewnniearﬁgl)tudelurpmgspleakg dbtwnmnl y correlating

the f / ph
RSP SoHSG T FEPRARSLA Wt Reksed shmlitdes and
(Ahet §c§n$ TR BRI ELois GShLY ?&Jo‘fﬁse@%&) if e &Lghdhhpiitldes nigher

t he mning the sens
than the sensor signal amplitude (214).

11. A method for generating a drive signal for a vibratory flowmeter (5), the method
comprising:

receiving a sensor signal (210) from the vibratory flowmeter (5);

phase-shifting the sensor signal (210) substantially 90 degrees to create a phase-
shifted sensor signal;

determining a sensor signal amplitude (214) from the sensor signal (210) and the

phase-shifted sensor signal;
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anpl i tude (214) conprising: receiving an Acoswt term

representing the sensor signal (210); generating an
wasiommss3ver m f rom t he phase-shifting; squari ngPehes2006/035706

Acoswt termand the Asinwt term and taking a square

Bkn Ll B8 YT Sl o RES L S U L DAL g

(218Hj gral anplltude (214).6. The neter electronics (20)
of claiml1, with the generating the drive signa
anpEiQraides o A1y sianet inshudsenibeideiva gigneb amatitdg (2h%).
sensor signal anplitude (214) to an anplitude target
(216); and scaling the sensor signal anplitude (214)

12. Mhe@diR6d bPclARAGN a{%vﬁe1teh{3th@ §‘e Sighe 1S%p hﬁé‘djﬁ}/ %%ﬁﬁge’rt

with the scaling being b on the conparing o
trangferior si gnal anplitude (214) to the anplitude target

(216). 7. The neter electronics (20) of claiml1,

further conprising chirping the drive signal at a

13. (Th@;i’ﬁéﬂﬂod)&f &lgﬁ*‘n fil OV b Rd détél)mmﬁré £hB §e1g§%§ gfgﬁg z%erﬁ]élrltglﬁiia g%l 4)

claim1, further co
Compngngi at a startup of the flowrreter (5), vvlth t he
sweepi ng through two or nore

hi

? r I&%ﬁ' %g&/ “éé’{ ﬁ%ﬁ%l.rppr@wtmgébmléer gishaldR ik s. O.
0 furth

Cogrplgei%%tg{r%s} g%h{oﬁ@éﬁ§ﬁ%§1ntlegﬁas%-ﬁuﬁ‘%l urt her

I neari zin 've si 10. The neter

- el sptariogiths AC30pt ®fmaehaithe Asinfodtdrigangonpri si ng:
cal cul ating a second anplitude using peak detection;
W%a?g hefdaRR Ted 9 e Bingphithesgsisiot aqmar@ma and thhdsinot

etecting broa ol se on a
Squa?&f:@ﬂﬂfﬂs%gnégg?%?@ﬂqe g%é%ﬁaf %%%B@%g {1’%(% é}her t han
the sensor signal anplitude (214). 11. A nmethod for
enerating a drive signal for a vibratory flowreter
14. 399 meghps! oieelpisal 1 Eowith il gageratisgdh ilrige sigaelnmoplitaie (i5)
f.romthe vibratory flowreter (5); phase-shifting
furtht(elr‘lgolllgﬂglgg signal (210) substantially 90 degrees to

Cr thParth PN S8R SIS SEPROL
sensolrga &%ﬁla arrrr) Slgtqg 214e %%Qig% £ %%éag{}tﬁs{%ﬁa ﬁz 6); and
( 28@@)1ngm1¢b $dm601p$1glsd-a$11plﬁmcm12§ énsosrdsi @I’I@n,emm&feaiﬂv’@gn@qal
f litude. (215) based on the sensor
amp ﬁu&ﬁ Z% éa ttﬁggcallng emg aséd on the comparing of the sensor signal
amplitude (214) to the amplitude target (216).

15. The method of claim 11, further comprising;

determining a phase shift value (6) from a frequency response of the vibratory
flowmeter (5);

combining the phase shift value (6) with the sensor signal (210) and the phase-
shifted sensor signal in order to generate a drive signal phase (213); and

including the drive signal phase (213) in the drive signal, wherein the drive

signal phase (213) is substantially identical to a sensor signal phase (212).
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(214); and generating a drive signal including the

drive signal anplitude (215). 12. The nethod of claim
wao7mbsrei n the phase-shifting is performed bRCEHUS2006/035706

Hubert transform 13. The nethod of claim11l, with the

ter the e r SI anpl i tude (214)
%‘i’ IPEEéﬁVF‘Hg egﬁo H%l\‘/%g termrepresenting the
se & i
hgigif;i%@?ﬁ%%u%%%?ﬁ“ﬁﬁﬁ% Rebfthei a8 ithoy B e 16 Bflonchip in
ordeé\so prddute amphasmnshiftatkiuey 03 square root of the sum of
the Acoswt ared term an inwm squared termi

or EMPHEN GBI SR & ltfhelg%@g avlﬂsﬁhs ﬁsmsoaﬁtama{ Zd®) ewizi)e phase-

T T

COﬂﬂiIﬂlﬁdlﬁg tlﬁeh@rwieem il ﬁiag@@l?@iﬁpﬂhletdﬂﬂfe s(@ﬁ&)wlﬁéieﬁmhe drive
nplitude tar 216); and scaling the sensor signal

mgnahbhlas:@ (:%ﬂé)(@m sta aHB’d@?nt’tCél igeriensaresigngé Phrse@18).gnal
anplitude (215), with the scaling being based on the
conparing of the sensor signal anplitude (214) to the

17. amelrhétHel® of alagftl 1{ Zkfher cdBpriding cﬁﬁbh@dh@ﬁn% @igiﬁ‘aﬁét a startup of

further conprising: determning a phase shift val ue
the flgyntetastdla frequency response of the vi bratory

flowreter (5); conbining the phase shift value (Qq)

with the sensor signal (2 10) and the phaseshifted

18. YBRSASthEA Gf'é‘l'alrhrl 10%idefer %@mgﬁﬁeg%hﬁpﬁlg%e Eive 'S%@l@i at a startup of
phase (213); and including the“drive signal pha

the {lewBletdrfS), Netluﬂwe\ﬁém@ur@@dmpmmm s eepiethdongletved glnrmlow
hase 213 bst anti identical to a sensor
ﬁeq@?@%’aﬂa éégllilﬁelgyw%eterfﬁi %‘éf hod of claim11, further

conprising: linearly correlating the frequency
response to a frequency/ phase relationship in order to
19. gihednetRodopblage 14hifdrthey abmerifiny lineanding itlgditivesighas e
shift value (gq) with the sensor signal (210) and the
phaseshi fted sensor signal in order to generate a

20. q'fﬂe‘fﬁetﬁb%ﬂ?éla?ﬁ?é ft‘l@rile? gﬂgﬁ gnCI udi ng the drive

rive signal, wherein the
dr icekeulating a second amplitude using peak detection;

comparing the sensor signal amplitude (214) to the second amplitude; and
detecting broadband noise on a pickoff sensor if the second amplitude is higher

than the sensor signal amplitude (214).

21. A method for generating a drive signal for a vibratory flowmeter (5), the method
comprising:

receiving a sensor signal (210) from the vibratory flowmeter (5);

phase-shifting the sensor signal (210) substantially 90 degrees to create a phase-
shifted sensor signal;

determining a phase shift value (8) from a frequency response of the vibratory

flowmeter (5); and
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si gnal phase (213) is substantially identical to a
sensor signal phase (212). 17. The nethod of claim 11,

WO eoovloas37€onpri sing chirping the drive signhal BECT/ES2006/035706
startup of the flowneter (5). 18. The nmethod of claim

11, further (1S NloY t ri '

< Eapl B FP L AR LR ] o e e
shiftetleREdr$igial S¥e@Bt fogdnerae g liriverigkl, MlieeeihtRe dene yignal phase

ranges until the flowreter (5) starts. 19. The nethod
(213)0if subsiantially id¢njicehiora emnspr signal@hrsaddel-zi ng the drive

signal. 20. The nethod of claim 11, further

conprising: calculating a second anplitude using peak

22. F&LBEhbADT cRARRA! Wigrdii eheSHNSeshiFiigh & perftRhictibyen A4
to the second anplitude; and detecting broadband noi se

transfimma pi ckof f sensor if the second anplitude is higher
than the sensor signal anplitude (214). 21. A nethod
for generating a drive signal for a vibratory

23, THONERLE f (cgé%m A1h&ifteihl %@aé@éﬁﬁ halRgo) é&ﬁﬁﬂiéﬁh? @ @mpensation

sensor sign (210) fromthe vibratory flowreter (5);
valugphase-shifting the sensor signal (210) substantially
90 degrees to create a phaseshifted sensor signal;

determ ning a phase shift value (g) froma frequency

f1L Vi r i Il o
21, TREAIRA LR ISk L TRl s mrenaco pngrinne
lineaflgGotiortinbakbefbiidned respoass tosd fraqienicy/phagtereldtimnship in order to
generate a_drive signal, wherein the drive signal
prodygesibe phesehilt ¥alyget antial Iy i dentical to a sensor
signal phase (212). 22. The nethod of claim2 1,
wherei n the phase-shifting is performed by a Hubert

25. Thansfddf clam Jheunedrheenefsigh:ai m 21, with the phase
shift value (q) conprising a corr;)ensati on val ue.  24.
Théetermihing aofensoragigna pmplitede @hé) Terdhaisensey steme! Q3 and the

shift .val ue conprising linearly correlating the
phas?'rshg{?gﬁg’i}m?éégg%hse to a frequency/ phase rel ationship

| No bRl OdriFeOdbieA ak it@(ﬂ@?ﬂS badet onaheleer(s@} signdbamplitude

Thge nmet ﬁlg;l of clglﬁ?nzﬂll? fur he? conpri si ng: & P
(214); and

including the drive signal amplitude (215) in the drive signal.

26. The method of claim 21, further comprising:

receiving an Acoswt term representing the sensor signal (210);

generating an Asinwt term from the phase-shifting;

squaring the Acoswt term and the Asmat term,

taking a square root of the sum of the Acoswt squared term and the Asinowt
squared term in order to determine the sensor signal amplitude (214);

generating a drive signal amplitude (215) based on the sensor signal amplitude
(214); and

including the drive signal amplitude (215) in the drive signal.
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determ ning a sensor signal anplitude (214) fromthe
sensor signal (210) and the phase-shifted sensor

wGa@nabs37generating a drive signal anplitude (RABYS2006/035706
based on the sensor signal anplitude (214); and

e LU e [ARVI-PR Y I litude (215).in th
27, S paehBgot st Bl B BrnsEiBhe b ik Siepht wplinde 215
furtheprepmipsisiig: recei ving an Acoscot termrepresenting the
sensor signal (210); generating an Asinwt termfrom
t hECCEHARS 28 KicpPhigtm seurasantigstthe sehsossignlé2 h)and t he
Asj . taki.ng a.square,root .of the sumof the
Acg%a{%%gaﬂ Ayt éﬁﬁ?”aﬁaglfﬁs p}i@?eﬁwlﬁg%ar ed termin
or etpraring tﬁ@tA%b%ﬂ“@wh?élﬁd%l?@ﬁQi%aﬁ't&g?' anpl i tude (214);
generating a drive signal anplitudé (215) based on the
setksrg & pgira rentpl ilteutien 0Phe)A caand squettdithirmonidhae Arsines:

| gnal .anplitude (215) in the drive signal.27. The

squalee R 18?’% rdp ﬁ%@%ﬂﬂw the serser genehamplyde e 4dv i ve

Si gha ot - : I rL.SLNG:. Fecel Vi .

R e R Ca TR

gesratiagitheyscnsors gmiltantpditudd (244) trherdphasgenshité ten@ive signal

ﬁ argpgthtiécos ermand the Asinwt term taking a
armp %Sf( o STgRC FAANG sinsy Dased ondls sempaing efthe semsonsignal

' ] ' . to deternine the

amplgtglﬁgggléfs)}’%rtg é&g?rgﬁdtgﬁegg&(@i%’%éonpari ng the sensor

si ipebidizgrie drivdeidr2] dnplituden2 88ipini thel @8 v sioagt (216) ;

scaling the sensor signal anplitude (214) in order to

generate the drive signal anplitude (215), with the

' i t i f th
28 R TRacer (et 4 R el iS85 g plorup of
the flamdnétec (9di ng the drive signal anplitude (215) in the
drive signal. 28. The nethod of claim 21, further

conprising chirping the drive signal at a startup of ‘

f 1.0 [ . . The method of ¢laim 21, further
20, PR St 2 iyt e rgrare i e dora gt ot of
the flohenétePIVERER tﬁ@él%i%h% Po%rﬁéﬁglsmb&ag%‘m@ $B%r more

sweepi ng t hrough
frequency ranges until the flowmeter (5) starts.

30. The method of claim 21, further comprising linearizing the drive signal.

31. The method of claim 25, further comprising:
calculating a second amplitude using peak detection;
comparing the sensor signal amplitude (214) to the second amplitude; and
detecting broadband noise on a pickoff sensor if the second amplitude is higher

than the sensor signal amplitude (214).
32. A method for generating a drive signal for a vibratory flowmeter (5), the method

comprising:

receiving a sensor signal (210) from the vibratory flowmeter (5);
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frequency ranges until the flowmeter (5) starts. 30.

The nmethod of claim21, further conprising linearizing
wo b@7a8339€ signal . 31. The met hod of cl ai m 25, P€TYUE1966/035706

conprising: calculating a second anplitude using peak

detectigqn..conparing th sor_si gnal litude (214)

t o PEfee-SRnRCE AP0 vand QP SlosoliRy oF Bassa it suphase-
shiflen Sgn@rcg@lfa; sensor if the second anplitude is higher

than the sensor signal anplitude (214). 32. A nethod

f odetgemining andrase shift welusi(@htbnf afrequarichredponye of the vibratory
a fl‘%wrr&t)_er (5), the nethod conprising: receiving a

OWIRHE Y )si gnal  (210) fromthe vibratory flowneter (5);

oh = . . .

DB AL RN TN AL RPN e
shifidé tsemsur Bigng! i @idase ghefate ¥ dtiuesigahl;f rom a frequency

response of the vibratory flowreter (5); conbining the
ph4SETEHINE 2\3gNses siegp! anplitude 62 o dAkun thy spmaer sqgrmgz Hhnd the

phas%th%iﬁ&%e%%gﬁibgﬁ' sepsor signal in order to generate a
rrve signal; '

eterm ning a sensor signal anplitude

( 2génerbtingn tdhiee Spmabimpligial2 (3 Yayedos tHeh@nsor signal amplitude
phase-shifted sensor signal; and generating a J?lve
(2143; wheneimhsl drivecésnet phay (BhHdd sebstaniellysdencal fagnsansor signal
pfude (214), wherein the drive signal phase (213)
phasl%rs@g%iﬁst antially identical to a sensor signal phase
(212). 33. The nethod of claim 32, wherein the
hase-shifting is perforned by a Hubert transform 34.
33. mahed af efairn33i whazin thietphasdshifhesie pehfofed by adliftegyxt
tl_am%[on}t_)lri sing a conpensation value. 35. The nethod of
Pd™m 32, with the deternining the phase shift val ue
(g) conprising linearly correlating the frequency
response to a frequency/ phase relationship in order to
34. gihedustbod hEclphase, withfihe pledsashifgyalue 8. cofitpeisivet hosnpénsation
claim32, wth the determ ning the sensor signa

valugnpl i t ude (214) conpri sing:

35. The method of claim 32, with the determining the phase shift value (0) comprising

linearly correlating the frequency response to a frequency/phase relationship in order to

~ produce the phase shift value ().

36. The method of claim 32, with the determining the sensor signal amplitude (214)
comprising:

receiving an Acoswt term representing the senso% signal (210);

generating an Asinwt term from the phase-shifting;

squaring the Acosot term and the Asinwt term; and

taking a square root of the sum of the Acoswt squared term and the Asinat

squared term in order to determine the sensor signal amplitude (214).
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receiving an Acosw termrepresenting the sensor

signal (210); generating an Asinwt termfromthe
w@b@sm3shé fting; squaring the Acosw term and PEEUS2006/035706

Asinwt term and taking a square root of the sum of

e Gk e kR N D)
furthéghcéo@&,rr%\fl%gjhe met hod of claim32, with the generating

signal anplitude (215) further conprising:
C Qrp@ating théigersen signalsingriahdea(@) |4} tm@eamghimdett@'gg.h(ﬁ 6); and
ApFin e seoiot Pyl SRBUNCE G2 GO PATE 1P R dAT o 3T gR e
| . _ : o
enp (PRSI R sl Db 08 g ones ensiteg
amplal®é (214Yl o thrrgeslithdd Brget3Bl6)The nmet hod of clai m 32,

further conprising chirping the drive signal at a
startup of the flownmeter (5). , 39. The nmethod of

| ai m, 32, furt ri sing:.chigni . dr i -
L
the fg)wmét'bls{g)g_ sweepi ng through two or nore frequency

ranges until the flowreter (5) starts. 40. The nethod
of claim32, further conprising |inearizing the drive

ignal. 4 .Th thod of claim.32 : : £
59. Bhfeitodayclnr St g S uBhTidine H{ER demal stagpr o
Rt REEE 0); wHATRAEhingink RempEBRE sweicginal tharughitvode ni@E4)
the to tﬁg Es?jgi:ond anpl i uge; %nd et ectgi %g br oadband noi se
frequemcy rarigek ohfil Serfbovmefer {Hetagtscond anpl i tude is higher
than the sensor signal anplitude (214).

40. The method of claim 32, further comprising linearizing the drive signal.

41. The method of claim 32, further comprising:
calculating a second amplitude using peak detection;
comparing the sensor signal amplitude (214) to the second amplitude; and
detecting broadband noise on a pickoff sensor if the second amplitude is higher

than the sensor signal amplitude (214).
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