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H GH SPEED FREQUENCY AND PHASE ESTI MATION FOR FLOW
METERS Background of the Invention 5 1. Field of the
I nvention The present invention relates to neter

el ectronics and nethods for processing one or nore
sensor signals in a flow neter. 2. Statenent of the
Problem It is known to use Coriolis mass flow neters

ot ner + ERETRORATAN G ARPERASE BT AL RONanC

pi peline as di scl osedrORFLOSY METERS No. 4, 491 025
issued to J.E. Smth, et al. of January 1, 1985 and
Re. 31,450 to J.E. Smith of February 11, 1982. These

%&ﬁ‘?‘f"@‘urﬂe‘{ﬁgﬁﬂ‘e % or more flow tubes of different

conduit configuration may be
N FEvieichf dire Indetirion a set of natural vi brati on nodes

i ncludi ng, far exa r

o df P%ﬂsﬁﬁdn%‘i’a‘ﬁﬁgpé?datﬁ%’e‘? tef pleciryf o S fprocessing
f #Hafsriﬁ%tﬂo%@ﬁfet&at ion, a conduit

con |gurat|on '

s excited 1n one or nore vibration
N Fiaement of theabrbiet f1 ows through the conduit, and

g}) g:ngtniﬁ %0‘%5’2 fmﬁﬁ%] OlgﬂiFél ¥ 3%“%%%; %ﬂgge e m%ﬁ%fo%g density, and
‘@% #13W ahd birkf Fﬁ‘ﬂrﬁﬁaﬁ?ﬁ O?Er%.té}?ilé f ; ?mhﬂﬁlﬁh alpipdifre as disclosed

ned nass o ow tubes an he materi al
L SiPatdnhBlof #,d91 D0 esuedvatldE.i Sahitlf, ebals of Tagupnt b 19§é and Re.

L

rﬁtﬂ»& Q¥ Qﬁﬁ%}{% csm%mﬁ Shact b&’{ﬁlﬁﬂ&ﬁﬁ%@ﬁﬁoﬁ Xidysbel Hiewtd asihaving

met er I ne connected on t outlet side. A
acke oferauamlmmomnfodmcludmgw gorfexemple. Bigaply hendipg dgrsional, radial

c a u ses %qt Irr]lgﬁ%lm W&t Q’JH?}E%EEW C&ﬁ %4’3% g\%w r%%g%ﬁfbrﬁ%lﬁ ggﬂl@aiﬁﬁ, a conduit
cgiﬁﬂ;%ﬁ‘atﬂm i @xél{eﬁ"ihtoﬂb& Bofd VibaltnWddas ana intkeeial ddws through the

a material begins to flow through the flow
condt, afigbmiotibi of the cehdritis mumd@é@@ﬁéﬁa‘ﬁﬁﬂ 3{png thsfgnduit.

h h di ff.
b eyt ol o Al RS had By e
cb tﬁ&g Siedeofrhe R bttt grdi@is within theifloaw tubski Mn‘benal flows

ase on the outlet side | eads the drive Sensor s Th
uao (he ﬂﬂmmtbra&omi afcomneeted pipslimendhe tﬂﬂ\% sidecRt the Slgwt geter. The

R RS B B L Sy e

ﬁﬁe@bﬂﬂe@feﬁ%&h@@&ﬂ@@ﬁiﬂet he two sensor signals is
E’roportlonal to the mass flow rate of the materﬁ al
Oy e o

f | owArdgivehanplish a fove i thellotiBbeo The foFRP CAERES thy
oBEQL Rhtlen FRL QAT e B oRinE Rfugh ﬁle% inSdter! all points along a
flow tube oscillate with an identical phase. As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other po'ints along the flow tube. The phase on the inlet side of the
flow tube lags the driver, while the phase:l on the outlet side leads the driver. Sensors are
placed at different points on the flow tube to produce sinusoidal signals representative of
the motion of the flow tube at the different points. The phase difference between the
two sensor signals is proportional to the mass flow rate of the material flowing thi'ough

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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Transform (DFT) or a Fast Fourier Transform (FFT) is
used to determ ne the phase difference between the
sensor signals. The phase difference, and a

vi brational frequency response of the flow tube
assenmbly, are used to obtain the mass flowrate. In
one priar art approach, an i ndependent reference

~ signal is used to deter a ckof f .
Tk 03F st e By SRS TR LBy Saps C e

AREAL l:%ﬂgf%eﬁrgtﬁ ¥eénkor st %ln asle ”Thé ﬁha@@@iff&éncﬂl @) a vibtational

approac ratr response frequency gen ted ¢
ﬂﬁtnumcypes;ionﬁa‘ofsthmﬂow tolmadsemy @rrems %1@ v gate.

t hat _frequen in a notch fil f
art Wﬂ‘@rz’x%&tpp@?ﬁgsa“t igdere %gltt no cﬁ%nitidhitg I}tlgédntgtdg thermmc *

Pl bipl slincPlikiohd b?ﬁﬁﬁgthefﬁ@ﬂlﬁﬁffbcsﬂﬁmmamal driver
niq works fairly well under qui e%ieent erated by a
sgsmu t[namtherv_r_mr ertapprobeyiheribeationpl TesPanie HB%%#S’P ¥

orma er e ter,
kot Reney Cra bf aPBEE Gt Y ehipitid o ot Sy i S0 5
WIRASH fiR TR a&fﬂ&vhﬁeteﬂoﬁﬁd?ﬁptﬁtd k&pfﬂiﬂemmtchvbéﬂletﬂmechfﬁltﬁx/ at the
naterral I's not uniform such asm&‘ﬁ ﬁh‘“&‘o iescent
pmmfrfasenm ﬂ‘aquemcﬁraﬂém Relor@sisehE@E o “3 ) i
where t he € 1oL akh bu ttﬁ’é ﬁévhﬁ ertlg‘ﬁmhﬁrﬁyhﬂi Fh@Wthe resulting
e

%@EPP%P’V}}CT% §§8W1§F alip e prior art deternined
ch%l&%%ﬂh‘t’ @ient i relugiveBtstatia pdivyver Dieiphgsecmeaiiramig of the
fast and’l

arge frequency transjtions, it

mios st er e el akdenal s GTAPCOTE T0S- LB o™
f I | t F@M eghq.}r%uicf%@ar HfH 09%1%?3 ﬂﬁﬁ‘: are air bubbles in

Sso IS a problemin
tﬁé‘l? Md fﬂ'él:v' m@t@ﬁ&]y TH hisHhiingiiond) dreepridr et deitermingt Bequency can

%ﬁé% 0151?1;&; ceq%filtt{]qrg lé)t E‘q{sg g%%ﬁggﬁe%?qtfeﬁ F@%%ms, it is possible
fgtpot\{l% @u:itggﬁ %’é‘s\ﬁ) Fhovg%%ﬁe% 2 H1RF DaRRWAM kieldag ileredl ghase and

ual” or neasured frequency,
SichSnslenmReicha! Mok do B prnblem in@mpty+falinespty batring, where

fhegls
shoul d be understood that, if th deter y
thesflow canterde rep@aiedlwmzatfrdamél Eﬁfgﬁtl (PRBIRT AL, I

val ues of Xﬁw§%{‘t‘§§}@ Vﬁehﬁtdﬁlaﬁ%h rocddk kill abisise able to

TREBF reover, the error can
ﬁ;?WE’tﬁlﬂﬁEjﬁﬂudl or Sicasead Getiudncpyeausing rchmodnl@pn@t an incorrect

Ko
determnations. 25 In the prror art . i C
fiuemsts Totwdlseecmgerston ot i e dsreriindsd FadeBiy lijagprrest or

der t KRfturdl & il al
ieegpies B bR aby Bl E}rg o e et ore. o

paleidrebearidangetras, avoesvyr, itse eartgi b comtpeundsdin subsequent flow
filter may not be able to track the target signal for

Gharp@iﬁlrlw el‘mﬂ??éwﬂﬁ'ypr cally, the digital notch filter
i ”p' iﬁﬁ:ﬁoﬁ' tzbé@ﬁﬂfd digitalpmanipulated in

f|UC ST gnar . Dueto he 30t|nereqU|re
oRier t&ﬁn;ﬂémem tﬁé hott:l@ filtet. ¥ hé netch et acsqpisranjy a ppgow band of

result 1s_not only that the. frequen an "
Frguanciesn SPOHECUMELPR WP STIoB A - FroRE pipaBC AR fter mey no
8@3‘1\,%%? &S BerlddBY tRRa NTYoAllE XisedigRaltivech filter
b?‘ﬁ%%span %lurt&% [ CE hﬁererror and/ or two-
implementation takes 1-2 seconds to track to the fluctuating target signal. Due to the
time required by the prior art to determine the frequency, the result is not only that the
frequency and phase determinations contain errors, but also that the error measurement

encompasses a time span that exceeds the time span during which the error arrd/or two- -
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2 phase flow actually occur. This is due to the
relative sl owness of response of a notch filter
i npl enentation. The result is that the prior art
fl owret er cannot accurately, quickly, or
satisfactorily track or determ ne a pickoff sensor
frequency during two-phase flow of the 5 flow

terjal in.the fl of a notch
HReE Atk Oy TN 8he 1 BRRERH RN Onos VErBRARE of
M- Amphintentitibhves the phase difference using the
deter m ned pickoff frequenc Therefore 0V 80591 in

cly «H\éy, or

the fFeeceesicy thaethemrion att TP RBBLIEEEF"T Y nTt He) ©
%ﬁgﬁﬁtog@ L0 géilteg?ir%e-r%;‘éif%cﬁ? bgélhodﬂ fPeuBRBES éﬁﬁﬁ’g oL shiask Mlow of the

requency In the phase

ek es i in 0B flotvestén ¢ dneequentipdbephaserdstermipation is likewise slow

determning the mass flow 10 rate..ln addjti. .
IS CATE PreTeas B B %del?‘feéme 9’5&"6 ‘%esusﬁ’ge ¢ determined

;gg%cgsf ﬁie@lfeg@y.dﬁ%é e, a@letBr fl88 Seliercs deppmdmtioRistompounded

ne over frequency squared), an_error in the
i teepiese Yewanieativm sfhieonsiltisingreased grer itBagtrgnensy defprmination
the density deterninatiqn. .This | ye.:f-or '
a0uie o phees et P a i Seestd af B Rl o mess fow
%{eg\ﬁp{agaﬁf@%igﬁﬂe khe deRertBA& frbQint R Audisvisdddo Bstermine a density

ens prior art meter electronics is given in,
Al (deadinrit apjooxifabdB eqeA fo pre ek Srequencyquartil aygREF in the

tent discloses.a H|bert transf : S
B AR AL TTFBHS PR CIPARSR T kIR dterpioation. This

xggfs %%%@é‘{i’et&ﬁ%ﬁ‘ﬁdn&ﬁ%ﬁhﬁéﬂﬂéﬁ rgewhereshgnelumediugy tete is equal

signals 1n order to calculate a phase difference
tb etase Elowt date Bvidertbbs derBitg. Hi | bert  transfornmer 21 phase

hifts hoth pickoff i .
bot h /b RESEAsBeEr Fleritives B e LS Bah O TR ARG Y okot
zg: ﬁl@ %ﬁﬁfeapfiti%lt Bk REIHibért ¥ekFbrmdriPe dpidasigonometric function

erenc us obtained is used to calculate a mass
chlcotutord lethatrbening wpstrhamrendidevesesade picky fpensyy siggals and use both
out side frequency. The pt. i I
L Rorie PR A BiRl beeet (P igtdE ShriRber
@g%%&nﬁl Pessggdfs Bohdickyrpiser gl by 9adegreed andrtrsh phase-

ow rate.” I'n addition, Yokoi cannot qui ckIYy g,r%du e a
shified sigmaly arensed imthexshayodifferenss calgpiationo in jgkoi, the phase
L r.equen eterm nation, r ' he
dfé%%"\%@" tﬁ‘ﬁs g}ftf’f&?‘inﬁr%ﬁli g%al%lﬁét@;gghflvggfoangﬁ%g@%ﬁ‘gﬁgggi n
hdbpeAlidntly SnRGREE \Rkidd ﬂ'é?b@xby.t Tee Priowins b okbi therefore does not
el ectronics and nmethods for processing s ndsor i gnal s.
quivkiypend senntpdersohsfeanensy componpEdesded 16 cpleulis h jighly
sensor signal s, i J. roj ' -
SEEER B oA BAHGL POkl erlsiot IR AC Rl ffwrate, s
YIKRE bR WS fof MEDRré iR Aic Betermination.

Summary of the Solntion
The above and other problems are solved and an advance in the art is achieved

through the provision of meter electronics and methods for processing sensor signals in

. a flow meter.

Meter electronics for processing sensor signals in a flow meter is provided
according to an embodiment of the invention. The meter electronics comprises an

interface for receiving a first sensor signal and a second sensor signal and a processing
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interface for receiving a first sensor signal and a
second sensor signal and a processing 3 . systemin
communi cation with the interface and configured to
generate a ninety degree phase shift fromthe first
sensor signal and conpute a phase difference using the
ninety degree phase shift. Meter electronics for

rocessing sensor stgpals | f.l behePAtO Y irSkedy degree
%SECE%B}%‘% ey Hv‘gﬁg@gi%f?cegafndﬁ%}e% nvgﬁct)i’or?. The ?gr
Pk Ehi@l fosh BRMirsSseaFRIgnabandromputd 2pharediffgence using the ninety
receiving a first sensor signal and a second sensor
diemerphaspehih processing systemin communication with
the i L & Rlia IRy hefedlis provided
ni netgﬁ%éégﬁ%ﬂﬁfggg{%h%ﬁge romst e fli rast sensor p.
Socgriihg anGh etbodithent af thedquention. Thé mgter kteckprigs CORPRESAN
degree phase shift. 10 A nethod for ocessi :
iiaTaRE STTROCRIRG bFHaFT PERBY Rt RO g 0 & Bfocessing
g)gm%"%%m it wilV@Rihieace e R HRed PRkl first ninety
ecelving a first sensor signal and a second sensor
Giggeephasgshif fratri thg fastriensirgigelpndecoptatea Sxrgyancy using the first
the fjrst }slens r. signal, and conputing a phase
Rne estfe BhEE S t he ni nety degree phase shift. A

met ho i ISR B8 QUeniisGh alffow thefer i rovitetiaccording to
i's pr%\l}lg ec'(ﬁ1 acg%?ﬁsg% to 15 an enbodi nent of the

arnarebddiment oftte imeedtivd. thodompsises Feseivingra fist sensor signal
sensor sjgnal .and a second sensor si : '
h 609 HEGH S SERTEHA ¢ CPER e 1 AR Pl B semsor
:g%m,aalnd o‘afhguﬁﬁ%@ phase Gl FerbhQAUEICHe Uieng dédres pliasetlift.

gree phase shift. A

met hod for processing sensor )
si gnat meitmddof provessimgeensas signelsiia e dloxe Bt isRyovied greording to
enbodi rent. of, t.he invention h ri .
SRR 4 i BfetbAS bt B cCOBR' 58 semsor signl
a?ﬁrhss%%rﬁi QR sigHal SERdrhii Anefiedegrebadiaeeshifi ven diw fitst sensor
romthe first 'senSor signal, conputing a phﬁf?
- and

sitirfal, @né romputiigy frequendy neing thrajpely dsBEREPLAH

& f i > ni :
oMU Mol SRSk kS, RS Ko RRESEcordng
ol NUIABRETR of TheRhAHHIRITRE SR REmiptisesiRceinipg di fimshsensor signal

the invention. The nmethod conprises recei vi,n%_ a fi rtst
andnsecorsi sgnsr sighsl, generatinge vingtyslegeesPhgsgftult rom the first sensor

SERE 6P ophs Ps e B Bl bkl B, Bhe] i bomputing
a%%lﬁ;%ﬂgﬁ%gﬁﬁe dagbd phaseGBUt i g a  frequency

t’he ni nety degree phase shift, and conputing one ..
or mdy method forrpreeessing gensogsignaly iy a Flopt fpeteps Pé"%’Fa pgeording to

flow rate. met hod f ' . &b Gl drlofsi
spregifereat of WT aagTHERBIER RbBpr SR R AP acrfiofional
a8l 2lsB&ridR¥ @Rk bighal, gaﬁramigwﬂjne@mgmqﬂm@m fiomy the first sensor

first sensor signal . . . .
signal, computing a phase difference using the ninety degree phase shift, computing a
frequency using the ninety degree phase shift, and computing one or more of a mass
flow rate, a density, or a volume flow rate. '

A method for processing sensor signals in a flow meter is provided according to

an embodiment of the invention. The method comprises receiving a first sensor signal
and a second sensor signal, generating a first ninety degree phase shift from the first

sensor signal and generating a second ninety degree phase shift from the second sensor
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and a second sensor signal, generating a first ninety
degree phase shift fromthe first sensor signal and
generating a second ninety degree phase shift fromthe
second sensor 4 signal, and conputing a frequency

using one of the first ninety degree phase shift or

the second ninety degree phase shift. A nethod for

proces ensore. s ft or the
et AL TSR g TSRS g AT Rl SraPLoMAE
sERohediretrRptamaseddhving a first sensor signal 5

or o8 THHESLOS FRIESRB RS HIACE SARE 57o1s, iRl R Eictording t
%Q&%Q&h‘%ﬁt G RE ﬁﬂ%ﬂn{;ﬁ RGBS Ssin RS fecehihd afﬁﬁ'ﬁfﬁhﬁm signal

second sensor conputing a frequency using
ahd & becohd Emoﬂmgml,ygeabegmg afinstganath degreo phadgshits g'@gh@le first

gtlfnrs]:g} d degrqe gfiﬁ%?%’?% assglcg and)ﬂc g‘l% p&m@%h?iﬁgm% tHeXeEond sensor

t ch& udhOERSSH RO fif:e a8 ampﬁasershﬁt or the
F]%{j meter s%w%r% aégcordln toﬁﬁg?’ergoodl nment  of

tdrend nmtytdegme phiage shefthard C@Ulmltlhg ene peEErs/Piymasy flpyrate, a
aensor Si and second sensor signal, generating

RSy s anU%’ﬁ-E’P‘i/ﬂBB’gtF e phase shift fromthe first
SENSop Iﬁé g%e%@&%kbm,g@lﬁﬁ@ﬂ&v Rhddertiy pﬁbagdi&i?accordmg to

phase s m t he second sensor nal , ggutl ng
an émqulmemyofmhm ngenn@: Jhemhrshdd gagmprises éwwm? SUSARECE signal

B APPSR TR kPR B SIS RFEroF PR S o the frst
9?@?1%‘? e%%l'aftﬁa g chiEnif€ry @8 gred Pﬁﬁﬁeyshﬂ%@bﬁeﬂxehasmd sensor

and conmput i ng one or nore a mass flow rat
szgnladnsnmgunnga feequenaynusivg ow afibefirsbainety ar%ﬁwplaﬁs or the

s, The sa rence..n r
gchﬁﬂﬁeg egiep pﬁ?ﬁﬁ%ﬁﬁs ﬁ'ﬁ%ﬁﬁie ABfeFRE ?ingtﬂﬁe A Rinety
é@]BZ HaSe i WnBlcdechid AiReXRERLShate ,‘ilﬁﬁ, mﬂ\mnipmmg one or more
FI'G shows neter electronics according to an

eﬁmmaﬁsrfbmw@ﬁf atdessitnweatvobime fgvaae3 is a flowchart of
nmeg ocessing a sensor signal in a flow neter
Besctintongt ol OF

%M di ment of the invention. FIG 4

showsTR@mEBt fRfert ﬁﬁﬁbmegfas@ﬁ@ thediantg dlement oardibdhamlgs
of the invention. 5is a fl owhart, of

met hodGof iljustretssi Grglcfhsrﬂﬁw BEter %%ﬁéﬁ%@ﬁ@élﬁh@%ﬁ&f%ﬁs

i nveﬁlf]{d 2%‘3’?’%@% %e%% %gg]ﬁc c%?%d‘ﬁg%r am 0 Q,:BBE pOrtP%{rP%c;?venuon

the prFIOE8SS & Fibvedkakedh ftetiodi Tproessing sewehsuti sigmdl iofa flow meter
the invention. FIG 7 shows detail of the Hi | bert

1%&?@@@@@@@@&@5 dherigvensiodn enbodi nent

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

FIG. 5 is a flowchart of 2 method of processing first and second sensor signals in

a flow meter according to an embodiment of the invention.

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

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

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

block according to an embodiment of the invention.
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30 of the invention. FIGS. 8 and 9 are bl ock diagrans

of two i ndependent branches of the analysis bl ock

according to an enbodi nrent of the invention. 5 FIG 10

is a power spectrumdensity plot of a pick-off sensor

signal of a flow neter under normal conditions. FIG

11 shows a Hilbert transform bl ock according to the

si NgIMGPIESEa el speRRALERRAY pI& & Hpick2orE Rewsdr shial of a flow
anal ysi s bl ock for ?he si ngl e phase shift enbodi nment.

E¢tEr udgr séTows comditismsnsor processi ng of the invention

as c atred.to the.priaqr art rej ' . .
i £ SBnes hapy 4 Bkt i pIOEGELS R I Rhe sipgly phase shif
dagsdirhdl on of the Invention FIGS. 1-13 and the

foll owing description depict specific exanples. to.

t eacRIGHsROwEGhE Rpaly IR [ Ehess RelR GRS TR RR bRt

the 113006 s Uhe LdAEor ﬁ&?e@%iﬁé Bt thEQhvdnfiBn B CRRBSed 9 the prior art,
teachi nginventrve principles, sone conventi onal

vigpee & 8mb differdree (AS vilpt of éaehl iscwomparmdt t ed. Those
skilled in the art will appreciate variations from

Detailed Ressripfien of the Ipvgntion i t hi n t he scope of the

i nVeRfhen. ' | ictkshdcifPOk£pI8S & teach th
that TGS 208 el eyl ichictispcifP BlapIBd & teach those
skidiet duthevaay Sow @o fredkenandiusé fhiedestambde pHie itgersiont Hor the purpose

o R e e o o bR Be DebSd Pt i Sppliced o
o%ﬁed? | Tﬂio@? Fﬁﬂ@d D Blelar Rl MAL-&MS vafidtfons ol @WSe @xamples that fall

rrolis ow neter 5 co Ising a nmeter assenbly 1i
wathin mhet ope alfethtrionéntion 2 0Thodet skilles se thd ort16ill epprsnigse that the

to mass fJow rate and density. of a process . materi.al. . .
fopbiet Seabed ipEecaBg ony i %aameg Wt dp Todt éwﬁilyiel‘éaﬂﬂmﬂs
o¥ % Rastnl OQ4 8 rﬁ#ﬁl@&@’hﬂ%nﬁ@ﬂ‘ $d by 1iFBRa o M $RbHic examples

and tenperature information over path 26, as well as
desichibed behdwy bratontynbynihe ciagtne aadtheirequivelaptese nt

[ ' A Cori ol.i fl t L, t
s ohiCh dhas ARl DIoFSmEEh S COPTITE ATET aisemplyl) fod meter
eibBforAdst20l Nabtel BReRbESA Yeshdtie & sk 16w vhtdl ah@ dehaist bfeprocess

as a vibrating tube“densi'toneter w thout the
matidial iMetat eloetasnicedibistconnepaliolnetyr gsseublydd Wg leads 100 to

RO iRy st HOB P RS0 TR0 Over PAASs 2 sl 2
otBBlinfot AR i AN BEvEhi3D 8 fHeshbinkéRtia da Thiolis Fdvaidetd structure

parallel flow tubes 130 'and 130', drive mechanism .

is tegrribedaltfenghiit i apparsuirto tieBe skiled 4n theiart hat thepsesentinvention
S ors 17QL and. 170R . FElow tubes .1.30_ and ' V.
o SRt a0 Ay TR hog e Cemtiopiohe ety Bl Ritfsurement
capbibili§iprovided by a Coriolis mass flow meter.
Meter assembly 10 includes a pair of manifolds 150 and 150, flanges 103 and
103" having flange necks 110 and 110", a pair of parallel flow tubes 130 and 130/, drive

mechanism 1'8'0, temperature sensor 190, and a pair of velocity sensors 170L and 170R.

Flow tubes 130 and 130" have two essentially straight inlet legs 131 and 131' and outlet
legs 134 and 134" which converge towards each other at flow tube mounting blocks 120

and 120'. Flow tubes 130 and 130' bend at two symmetrical locations along their length
and are essentially parallel throughout their length. Brace bars 140 and 140" serve to
define the axis W and W' about which each flow tube oscillates. :
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| egs 134 and 134' which converge towards each other at

fl ow tube nmounting bl ocks 120 30 and 120'. Fl ow tubes

130 and 130" bend at two symmetrical |ocations al ong

their length and are essentially parallel throughout

their length. Brace bars 140 and 140' serve to define

the axis Wand Wabout which each flow tube

osci | i105d 83S 138 bf Adwkub@nb0ladd, 1303 ffedly
TTow Tt 88 15 TOE 3 clnd 5A51 06850 A8 RILbENE0 o tq flow
tthchedraufiow mgpelhowking bigrkaddo 200128, sud these blogksdp gurn; gre fixedly

e B 50 o S b RS0 i

mbgéfg@b&qfsiﬂétgﬁasgahg@ 1@ssenbly 10. 5 Wen flanges 103
and 103", having holes 102 and 102' ar nnect ed

"1l et Vhendaags e fpeominahioa 1ot 165 Bratettp g inle
RS Lt LD Rl & Broch At EPT Rl R it process

fRkeRial thaf B BeihganeRnici materiAldntérn ehdl 404yef thB3ngter through an orifice

conducted through mani fold 150 _tq f|ow_.tube nountj.n
0beidiaro 1R isomgued i pesemantioldPY i FoWclg BURiBgblock 120

h i aly,i Vs . .
PP A 0l 00 o o

13Q bdsN80 PRETEE'S Uphexithlg ficw tubes 63®amdk U3¢ rtha preasss waterial is

e LT 0 120 0, |5 SOFLSRLL R R en

N85k B2 D8 185 IRERS boliBidnl: BB Boced 10 (HubgRwn).

el ected and appropriately nounted to
t he fllew thbdel 30madnGonmge klectkd and dpmaoptiatdy mapmtedto the flow tube

have substantially the sang nass distribution, 15. .. .
morstinesblaeics 128ranriz 20e 250 her S REaRRaly B6 e mas disgibution,

- Y e ' i " | wa’
B o el e R b b e e
Nepngvely MTtedeltendingtaxes £6 thaoughteraceban §é0 wpd h40'. Inasmuch as the

(ol A3, i sels e SRR e e
é@%@ﬁoﬁ%‘% f}o%v %Jﬁgn@fgy,:rﬁsésty&%ﬁﬁﬁmé d8ectof RTD) 190 is mounted to

C I nuousty neasur enperature of the flow tube.
Abw 1 136 pecaitinueusiy mehsure teviemporture of therftew tuhe. The

e T s B FB bR A WA
éit}gn me?% Pgﬁ%&ﬁé—g&?&:@g? gHQé}néczhﬁy fleQ¥mbetatire Shthe material

enpera pendent age appearing across the,
RERng throssgitithe floa wbe) The tempenatttecdepydemb veliage appearing across the

el ectroni.cs 2Q.to co nsate for .the .c '
Erfids vesdipaaveLiom PROR i e gie s o8 B Gnltepste forthe
&g ect%éédsﬁcfn&&&m&s%o%uﬁm MU dlde MFRhagges in flow tube

con to neter electronics 20 by |ead 195, Both
tbinperatund e Fhd RIDeis doti@tedan enater alesiranicsdi0i wyelead 895

85 (1
DB o S5 5L SRS BABREH PR i

about their respective bending axes W and W' and at what is termed the first out-of-

* phase bending mode of the flow meter. ThlS drive mechanism 180 may comprise any

one of many well known arrangements, such as a magnet mounied to flow tube 130 a_md
an opposing coil mounted to flow tube 130 and through which an alternating current is
passed for vibrating both flow tubes. A suitable drive signal is applied by meter

electronics 20, via lead 185, to drive mechanism 180.
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phase bendi ng node of the flow neter. This drive
mechani sm 180 may conprise any one of many well known
arrangenents, such as a magnet nounted to flow tube
130" and 30 an opposing coil nounted to flow tube 130
and through which an alternating current is passed
for vibrating both flow tubes. A suitable drive signa
| S 0GP B0 AfrecGYECHE RIS Ruffraritedidrbntn 164,196 0and the
drive nechani sm 180. ter electronics 20 receives
k-heniRFipht eeipeityatigiabs appearilg wmichdnlpSTomd Lotk rerpectiely. Meter
and right velocity signals. appearin :
Jommt O Tty S REcEns! RBaTie ied 265 T Bt ZenPRL1 80 and
\gllgf' VB IH] ariNReaN G SRct-&aEs JBfrotessel ihe defe krdreipht velocity

5 an vi brate tubes 130 and 130'. Meter el ectronics il
@enahr arakths ®IT $ignd! &f comapiate thaymessavpate gndthe; %ﬁ%&%o materia

the RID si.gnal to c t. . £l . . ..
ook oy R e RTEIS PR BRI, Qe S, 90k hdmacion,
2SREMBY Yneldd-cleERbsict 20 BverEiHioDs taktigtivn trieant AR
rnfornmation, is applied by neter electropigs 20 er. "
pat h FI6. ehows meteneleconienH as9riing (9 ApemhRfEIeRE YIS invention.
| ectronics 20 cor.di . ' . 203. Th
e et tan ey e A eRE 05 b ol sysiom 205, The

hBkestassialh Rbslva Msoarisetngl sysireigrafafromtthe meter assembly

meter electronics 20 receives first and secon,pl0 sensog‘&lteasa

K, gachl a5 ﬁi@lmﬁ/vqi@cimsorg'g)@ﬁbqhemter ggtropdcs 20 can ope
rg%s%% %%gl %! ztar%/&pséeﬂg N a ﬁé:r?s%b%ter ThEARIE ARGl 4T olis flow

qrgfg mass oW nmet er or can oper ?.te as
Betde MBhd SERE Blectrdiics 200progessgetha firsi gnd seconGeenasrisignglsdy order to

“nmeter. The nmeter el ectronics 20 processes the first
ghtain Sowostararsists oftn AP FREGRUEING LHGREA T Prgh ssembly 10.

har act er j,St i f i ol flow R ’
TREREDE, IR calhfGrbhes 70 Y FBIFE one o fdHD of U phu@itference
aeﬁ‘&?feh@ﬁ iaG i@ @ifRahcd AR adasite emass finoy eatefardd pyrluwe flow rate

oy o s, v 2 e ST g can e
PRGBSOl RSl sl
oottt Thtnieancaiofie oo s e
fagter andamerecagespleynd gliabif WA FUA fgﬁ%ﬂ%"ﬂg}?ns Spihe iy fut. In one
eﬁg}%g*nrﬁﬁa@:é %Hgs%.tcﬁff% ! J &iddbh&idnAA 188'fquency determination are

ns i n prior art. In one “enbodi nent,
c%ﬂ&@ﬂ)ﬁ Baseeddidrh erpﬁﬁseg;htfébﬁiljﬂv [jmb !smoa?ignalh wiﬂlﬁgq’r@g .ﬁ:@i}c} for any
etermnation are direct erived froma phas :
frecuendyyrefmencs siessk @isgﬁ‘i‘f@&%?%{e%llﬁ%s the B eaiite R reaquired
i:; rglgc%g gcg &%ﬁﬁ%ﬁg B SHIGF clpdr S8 stict NS artfllv@ ¥natstgn Sty the phase

processing tine required in order to _
deferptideis dagvéd foown phaseashi fes ofhath sensomsigmals.tweliile the frequency is

enbodi ment, the phase 25 difference is.derived f
detiverbirem; qnly oRs Phass pplgteyggh i’ﬁﬁﬁ%ﬁrga}semel aecckq%e of Bt flow

_ cg%rggtléﬁgt? LSt bt bAnViDadt £ oM InicR Rt B&LinShE biior art.
gnal”.  Th

I's increases the accuracy of both flow
The prior art frequency determination methods typically take 1-2 seconds to

perform. In contrast, the frequency determination according to the invention can be
performed in as little as 50 milliseconds (ms). Even faster frequency determination is
contemplated, depending on the type and configuration of the processing system, the
sampling ﬁtc of the vibrational response, the filter sizes, the decimation rates, etc. At
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characteristics, and both can be determ ned nuch
faster than in the prior art. The prior art frequency
determination nethods typically take 1-2 seconds to
perform In contrast, the frequency determ nation
according to the invention can be 30 performed in as
little as 50 mlliseconds (ns). Even faster frequency
SLIERALL 0D 3liS GAR by RExgkhiigs DM addoedihy pethe
D S B b T e
ienmbr i eatbeutof) tites fster dtan theapprioréhbonse, the filter

sizes, the _deg¢jmation rates, et t
f r eqtiBHHYETERSE éb {?er‘fﬁ’tvle%h’ersﬁf‘%’,r S’Igﬁéé} % eor%ee ?&%%éﬁ?tgsse%om
19610 QTR 4R theMRadd TOOSSHETON 1CTRe bifterdinm 20 14@ntpienibsm any

as

ter than the prior art. The interface %Oé recei ves
nédessase nisdesired signal chndithoping, $Kh ep aby, B1agert 9 WERRERS

17 d 170R vi | 1 Iy —
<HERbrRE e B A DL 0 s Mrndpog o

el if andirbbaghpBystemcozas any manner of formatting,
p?Z\llrfrplification, bu ?)éring, etc. Alternatiyvel or

sSQ
al | B addiions hgrimierfoemal ¥ fsrAuagle CRIBDICIONE BRNEED (i meter
the pr SSj NQ. _SVS 0} bhi bl &F $r8GE £
L i I Ll
el%b@&ﬁé,%ﬁﬁ@ﬂb&wﬁaésmmbamﬁvi ces. The interface 201
can be capabl e of any manner of 1 | ectranic .
opt i T niisisonen o iroat SORSRIREAE FRFPIeHE 4 B PA AV iperein the
i n_one enbodi. ' L Wit gz T AR d disiti
SRS Ségrhﬁ ' ﬂ%‘pngég ﬁégkl ﬁlg g %%lg%& glgirrﬁ\% r rrsh% sﬁ%jgizgﬂn?o g se n saélr SIeE
{131 AR seddoR sighaliant peccdi2eR - divirl easarsignilgThe digitizer 382 can alse

anal og sensor signal and produges.a digital..sensor. ..
perfopmadny rRededidagimatiay wWhyeip e d;ygag, serﬁ%)? F% 15%5’1%@%%1@8 order

deci ML i, on rel @J}}?e ' iijfe@&d%ﬁﬁster Sic@ad piodessing time.
todgg?%n%%aﬂﬂbﬁﬁ%ﬁagngll o&r]% uce the arl;%unt ofpsi gnalg
TRE 06888 HOWIERIgScirRBel inomoedietd tehwwpr ocessi ng ti me.

The decinmation will be discussed (n re detai :
The Thopioeesig SEYERaN RFBCHRHORFERIOnS S8 16 elspRERR¥00 and

{ i i
L i i T
f

2@0Sx i8S Bhe6r 186 procesBing rputines ad thigrebypriopsses oW
t hereby processes the fl ow ZOggﬁasubg%e ts.in order to
mERKERTBNLS HeOTder tRBFRAUCE SR CRBICECHAY COpTaeT IS¢ s

D onm She B EMA0R 3000 SABRLS SEererilBEGle OHTROAC:

roprocessing system alogic circuit, |,
mirom@bEssRighesteraes Bypid cipeuip ossome othes generalgyrpose or customized
processing device. The processin t e .
pPr@PessHIZieviEs. ARSREPCRIAES mgﬁ%e%&@%&“ﬁ%‘%‘%i%@%. Gitiple
£59 y eﬁ?}?g@&%mgaé} {eiCl03dQn d3RdudR amemather of integral or
P‘ﬁ%%é’%‘%%‘%?%@“ epen entS el ectroni c storage nedi um
indesdndas eldutronicotaag: medivemsadvas the storage system 204.

The processing system 203 processes the sensor signal 210 in order to determine

* one or more flow characteristics from the sensor signal 210. The one or more flow

characteristics can include a phase difference, a frequency, a time difference (At),a
mass flow rate, and/or a density for the flow material, for example.

' Inthe embodiment shown, the processing system 203 determines the flow
characteristics from the two sensor signals 210 and 211 and the single sensor signal
phase skift 213. The processing system 203 can deterimine at least the phase difference
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The processing system 203 processes the sensor signal
210 in order to determ ne one or nore flow
characteristics fromthe sensor signal 210. The one or
nore flow characteristics can include a phase
difference, a frequency, a tinme difference (At), a
mass flow rate, and/or a density for the flow

mgg&%rﬁeghenér(ﬁzoﬁ gl%ﬂ%%%e%%@ sfgﬁafs e B odil AR thesdimyla phadeeshift

f OCessi ng-syst termnes the flow fth
sthanaetresuitstittes a Firsor stvend pbassahiftnd sspepiishabychayone of the
211 and the single sensor, sianal jof Th&em 203
T eRE R S SEL RS0 SRS Gt or b aed pE Heproring H8em 203

aﬁjd'ofr&iﬁg ENEE iV eANEn ih6rdbr 8 WeRRGIne o piast iffdremees e fisquency, a time
signars 210 and 211 and the S|Q§Ie phase shift 213.
dfiference €At)] and/w@ia hass flovt yatssior ghe %Wé@ﬂi%ﬁase shifted

sens signal (su as_ qn Pst I o
down glt;“? 38%5{’) Fﬁ&%‘? ?Bé iC%%{PIg)f?%#EE%" pr océetglgg%l eéi?mt’ he
rRIBEE SohAkht THREE Bnd G3riatie egluek. iy dre enftedimergnthestorage system

order to determ ne a phase difference, a fr enc a
204 irelBles rutisesthetarg Axgcuted Ry e PEOGTEREE FYSHRR ?‘Q#leﬂ'f %‘Pﬂ

the flow material. T stoBhe diff
crbfimed o Jipeiarin 207 R ERpRIC PRI SAhIIE, B pRAs difference
rGRBSHAB! 2 FefueaSy roulitle 186, iaabihe diffdreres. (At)routige 217, and a flow

embodi ment, the storage system 204 includes routines
charatterigtios eowtivg 288 by t he processing system 203. In one
enmbodi nent . the stor \ ZoW st e W RSatAePiRg €0 operate a
shi ff“?%elﬁn?‘ﬁ’é‘ﬂ?i@:@‘ﬁ?‘%ﬁ%ﬁf?ﬁ erence 10 ?outi ne 21%?

18y 1Bk B1as'tB ColeliZ A6y ntetér s1eTht §ibemgenpserp A0 in one
routine , and a flow characteristi out j,n
emnbodimentstonsa vaBehles Fueh a&ﬁ’éﬂ%@‘*&%ﬁ&ﬂ*‘; 210 %‘f%thggegg“% sensor
variabl es. ysed ! B traknsosd! CT0Iaand DROR. In
S@fﬂi%ﬁf ?ﬁjfﬁ%%%%‘er?@gpﬁ%ﬁeea%?%ra e systlésm 204 in one

2841068 ithefbragé gy@@n ol cabitere =2 Hegree phese Shifis? 1 3iakis generated
signal 210 and the second sensor 15 signal 211, which
inprder tocistepminerthe BovHdaspeieseieSy / pi ckof f sensors 170L

and éjogm%é&[’bgdﬂ'géﬂtt. @tor@%w?ﬁ&rm%%ﬁbﬁ%ﬁ%r@ﬁ@w

st or egree’ phase™s t 213 that is generated |
cheta@ErikEies bioaiet Eom the fldwembhsmernénts.aThe stosagesystemZQ4qg one

enbodi ment, the storage.system 204 stores ong,or n
embodimeghaiorss floF: deracierisiesRB A APBATa SHOCRRSH220: o #thiency 221,

a %ﬁcﬁ% ! @%ﬂ? a?zfx&'é A ﬁ@ﬁ'}h@ﬂsiﬁy‘ﬁﬂlﬂ and 89olume flow rate

res ow characteristics such as a phase
22K faleleai@ited Fhm ehef seaspraipnpl 201, a time difference
(At) 222, a mass flow rate 223, a, densit , :
Vol e plasesiiBreutiondl? srionds .90 Hete B it ordiinfut sgnal,
: 31 gnal i ?Ehi o shif vt 2A23n pae Eabodinger®0
‘%eg‘?g‘g s%#%gg%%?ﬂ{@zlﬁle n insput signal, 1i.e., on the

irﬁ]ﬂeﬁaeﬂitssi}gmﬁtaalﬁforfﬁf(disp\mb@hwm routine 212 in one

© nbo%engh%e difference routine 215 determines a phase difference using the single

90 degree phase shift 213. Additional information can also be used in order to compute
the phase difference. The phase difference in one embodiment is computed from the
first sensor signal 210, the second sensor signal 211, and the 90 degree phase shift 213.
The determined phasg difference can be stored in the phase difference 220 of the storage
system 204. The phase difference, when determined from the 90 phase shift 213, can be

calculated and obtained much faster than in the prio_r art, I‘his can provide a critical
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25 inplenments a Hilbert transform (di scussed bel ow).
The phase difference routine 215 determ nes a phase

di fference using the single 90 degree phase shift

213. Additional information can also be used in order
to conpute the phase difference. The phase difference
in one enbodinent is conputed fromthe first sensor

. ' for SESIRAH oREMS M e SEE Midky ek, or avierd altBphase flows
‘ggfg‘?g‘ée%@s?‘éﬁ%hirf 515,30 The determ ned. pha

3 fir
atichf. dnerditionathe phasstdpifesanderranthe dsiramincdi IF@%’FEa‘E"E 058 frequency

of .the storage st 4 | ' @& Rncedden
e s
Gkt cAtiRERAG AR RReReqisnty, faa etrer compondnhirt fhe pheseddifference
art. This can provide a critical 10 ai fference . nél];érg\%no

dres oot ingpie emetrenoMRIRERPIRRGHCIYDH FEEERIIBI Rt Sr

| ti-ph fl i1
Sivemeip BRE B YR PE @kt ARl POREANAER, tho phase

diffeen@ G¥or iofedatdd®ier s phaerdifegned ofXhe poor 1.1,

Mor eover, because the phase . diffgrence js detgrm

o TbndeaurpgPine Y0 a2 e e i SR ied by
Lhe ph | f LECigtie 221 bmGhe 90 degree
B BR IR sGieol FleA g L ) GotElensOighn o) bidhe 20 Jear

ilasdhif QONPULA dtgniaed frequancy hen phsisreddh tiefregusacy 221 of the

nmeasur enent . Consequently, th has differe .
StarapeouEat2if c e EaeY. dheh FiHRmEG o e gl % phiasd shift

e fr ' HRESindhd pEGUEN CYhiE Shit brovide a
2;? ! f%at%%égﬁ%?ct[ %@%@&g%ﬁ?@ﬁf@?ﬁgt sgnsor si gnal P )
RitRalatiftRacsiacindmetn appliciignahaviad high vy raes @ovhere multi-

degree 10 phase shift 213. The determ ned frequency
rhase ewsewed in the frequency 221 of the storage

syst q@eégn%pﬁﬁﬁ&nﬁ{]@? RBhe 200 BBrepRtRE Bitedldiffepsnct (1&t) between

si ngle ase s 213, can be cal cul ated and

thbfiat fedorsiginl D46 ted thersacoridrsensos signiab? 1 lar The timp dliffgance (A
rovide a critical difference in flo :

cap b Fetad i HE CREPrFRHAF) Bha aidpe SoREeRtem 204 The time

@@%{ (lzﬁ(t’)"ﬁ)ugﬁfs% subHscm{EQIfy e R iGinticarphagsediviiell byaht deermined

ermnes a tine difference (At) between the
frdqoaricysanbis thevefpreased 10 detniph dhesmetliow &igor si gnal

211. The tine differenc C be s [

(1 e Thr flost anenpiatss et 14 e g o8 8 wofehi

Ficitliffos, dhbERAFAGEkAlcERMBRE 28 oibibed e tbRihined phase
eterm ned phase divided by the determ ned . frequency, ..

dafffteice 220amdftine éeterssned freqieney A2 hafor exanpple.dnor ey I a?%l_mphsh

.20 The flQw characteri.stigs,r in ] :
tiare et lony seesistiog. b sl be Bofatbef ke SRbRioBhformation
HAABLSRAIE sk BUbIARARGR, G a8 e dnfiss Do eatrion dehsity, for
phase i fference 220 and the deterni ned frequz{u‘:ﬁ}/

ow rate from the

eRarplef Ahe dhomngHasgetdristios thatine 318 canAPTRIRE 2(PASS

et B A 1y 2 oo ey

221. The formula for determining mass flow rate is given in U.S. Patent No. 5,027,662

to Titlow et al., and is incorporated herein by reference. The mass flow rate is related to
the mass flow of flow material in the meter assembly 10. Likewise, the flow
characteristics routine 218 can also determine the density 224 and/ar the volume flow
rate 225. The determined mass flow rate, density, and volume flow rate can be stored in
the mass flow rate 223, the density 224, and the volume 225 of the storage system 204,
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may be required for these determ nations, such as the

mass flow rate or density, for 25 exanple. The fl ow
characteristics routine 218 can determ ne a nmass fl ow

rate fromthe time difference (At) 222, and therefore
fromthe phase difference 220 and the frequency 221.

The formula for determning mass flowrate is given in
H:séectt%@lgr? i adiom LA oRCRarab@ridtidslcambe trafdmitte@nsleitarnal devices
I ncorporated herein by reference. The nmass flow rate

by theghettredeatronics B8. mass flow of flow material in the

t mbly 10. Lj i . . .
char aERb it ARweRisy oy B HEmel M prd@¥iPsensor signals in a flow
feis iaEf}br(ﬁ%étoadiﬁérﬁlﬁodiﬁ%nN@ thergvehiion. Inatep 302 5the Thvet and second

determ ned mass flow rate, density, and vol unEfI ow str
sexser signalstiee Feeived [The firs senppE YRy GRN FOIBISO P! AR UpStream of

ensity 22 t | ume 225 of the storage system
15 pe%gsfi%?%(’vfg e addi tion, the flow

char akitsespi3on] ®e semor bignhls aasbe tdreliticmede it enneibodiviangdhe

by the nmeter electronics 20. FIG 3 js a flowchart, 300
esnditioningen lsluds Btaing tgemeyrse Ay huvEanis S&gﬁﬁﬁ%v&“ one

yﬁ%&g&x@gﬁf &{e gﬂ%@% g?ﬁg%xglﬁg%gg 2 HasOfiltbritfy B8 hind ke expected

5> sensor signals are
fuademvesl frefiendyi ofthe flowsnetess i lgradtitivanotbongunidgoniig plegrations can

e e o g B B S a5 s
@%F ﬂgﬁﬂ P 4
[ ?ér ngl’ ?%r&e@ %MM%@ bOradher oTGhPRng, digitization, an

renove noi se unwanted signals. In one

r%aaslhﬁﬁﬁithit,ar& ﬁm-fddgietién iorcg:r o:ﬁprodmmdi'gi;ﬁl sb%ﬂmg sigmels I
iltering centered aroun e ecte n nt
(1116 ng et sned grpund (e sypected iG THCABILG
iy ﬁb@&&% P S {HRG RN QAR drheSCdepR6e phase shift
anplrttca iy

1on, ering, etc. If the sensor signals
@amepeformaltal ary miugrealo$ phash shidt mpcheaisnf o apegation. In one
conpri se any manner . of lin digi.tizat,on,. . a o
cadmeT e PN AeEiee S it Pt s i £ S5 form, operacing

i gii.al ignals. In step 303, a single 90

(%Egkgésgﬁgggggﬁgf? is generateg. The 90 dqgree hase
15 s ktep 604y phss diffedencd égcmnpybd wsingtths single St(ﬁ@egree phase
sensor. . signal, The 90 degr.ee ase shift can.be :
B QB Py o BT B ) SHET 1° SRR L gpe difference.
HRGE t@lﬂbgﬁ]meh?or £ airadiAren detbhfind@ fidgOme EirithRasor signal, the

Shi 'S per using a Hlbert transform )
sequatdadehsng signal, andyiteaingde @ degred phase shify. MTheiphgsg differgnee

phase differ e is.c uted, using.the si. .
chgFe pAtEse SBraioe s TORRAOCEHERAL H Pt e aeon thay isseen
JE WRRE b HO EHBE ih P ABRME nhdier sebanslydiof ference. In

one enbodi nent, the phase difference Is deternjned

f r omThh eeshiltingtphssmdifieragicg isadetermiesd wEboH (gl}es@;-glﬁor any frequency
VBlR08 g R TR Suedy SHRSE roRRR S BE Dbtainkdmuch faster
than a phase difference calculated using a frequency. The resulting phase difference has
a greater accuracy than a phase difference calculated using 2 frequency.

In step 305, a frequency is computed. The frequency according to the invention
is advantageously computed from the 90 degree phase shift. The frequency in one
embodiment uses the 90 degree phase shift and the corresponding sensor signal from

which the 90 degree phase shift is derived. The frequency is a vibrational response
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conpri ses a phase difference in the response signal,

i. e., in a pickoff sensor, that is seen due to the

Coriolis effect in the vi bratlng net er assenbly 10. 25

The resulting phase difference is determ ned w thout

the need for any frequency value in the calcul ation.

The resulting phase difference can be obtained nuch

%‘r%éﬁ otfg iarh@ﬁ?s? ?er&yof fiehanee tl&@e@@ﬂl@éeﬁﬁomgrw (the frequencies
Fe resurti ng phase difference, has

of &ﬂtt@b saxmu mgnaks mhanbaamié@edmﬂtﬂemém@éﬁt@m cm?afr%‘lilency

usi ng a freque In step 305
campRa VISHROT yaeney Svograr il (0SS ke o gfpraton

gﬁl g@%ﬁge&gé} ygeconput ed fromthe 90 degree phase
e frequency in one enbodlnent us the

degr e@h@fragtemsmm darived is@btaied SHwHE g groqnystp ependent

%f%gwg}f] egegceaselgfag i‘ﬁg gﬁgy&qus %b;t%ggq Eﬁo?]% S Ee_r}%% dB8ee phase

& iR bin bB&rafibd &ht 18 SMEH faseOhan mathd ptibe age e dessbingdkequency has

signal (the frequencies of thet ensor signals are

8 ghesiten m:mactwthmueﬁpqmcymlcéb@fi@ \Flgﬁi?nor Bk frequency

conpr vi br at &f T8nass flow rate is
IS fos SRt DY s ST pRAiaE RO

rovvt oaV|brat|on rated by the

ﬁ&éd 138 the réEhRm@rpﬁﬂS@@lmr&lbmmdjﬁ]elmﬁﬂtmg ﬁoqneac‘ﬁ eomputed in
out the need for any independent fre

stepsss Q-;‘hmi H5g rleaddlmﬁré the xRy "41S COBPHITICA AR BATPH a time
ﬁlj,ﬁ Z&Q Sl%?rhgxﬁ fferc'f!ﬁcé Ind e %%ﬁﬂﬁéya%ﬁﬁh& Hade difference

e prior art he résulting

{A geﬁaemﬁasl u@ecgfoamesutamummﬂoumm a frequency
ca culatedlnthe prior art. In s ssflow

r at e bq‘ stert BV, thetdensitl cansortionai %Q¢M§ s i’-]h?
%& ?Sntgrlﬁtoﬁqgef ﬁ?@cﬁgeac{eﬁ%st &Rﬂcaglr&s&t&hﬁﬁ&f ﬁBﬁQhe

equency cohput steps 304 and
§Q<§Jenbjﬂ f@ﬂ@'&a&l;ﬂa’ld ]tc]he mass flow ][ate cgnpu}qatl on can
conpute a time difference (At) from the,phase
di ;Tfp elnestrre3 M the(viRlurpe ﬂaﬁe"ﬁ@&m %TP??Paﬂﬁ'eb #%mdﬁq" ePiseiume
ﬁ t%l%ﬁﬂge %@@@é@ﬁoﬁ@%& Qo UNRHIcErishes, %88 Sar bodetermined

e density can optionally be

#6inahmasdiiow hee ded et density) fhxesxaﬂ@ledeterm ned as one
of the fl ow characteristics, C be det erni.ned i of the

f r om ¥i6k 4 shewgthermaster ¢lgpiramic poss ing {051 <530
Vopﬁf@ a1V £ ndRbA WlF‘IG Dendeitd Sinfefbferdie numbers.

owTrate can be determ hed as one of the flow
char arkemiet tledromad Canthisembetrnerit imeludds therfirs genpgs signal 210

flow rate and the densi for exa
el e o R Pisip g5 grage? the irst and

BB, s T D st ens e o
characteristics from the szgnals As previously discussed, the one or more ﬂow
characteristics can include a phase difference, a frequency, a time difference (At), 2
mass flow rate, a density, and/or a volume flow rate for the flow material,

In the embodiment shown, the processing system 203 determines the flow
characteristics from only the two sensor signals 210 and 211, without the need for any
external frequency measﬁrement and without the need for an external frequency
reference signal. The processing system 203 can determine at least the phase difference

and the frequency from the two sensor signals 210 and 211.
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The neter electronics 20 in this enbodi nent includes
the first sensor signal 210 and the second sensor
signal 211. The processing system 203 processes the
first and second (digital) sensor signals 210 and 211
in order to determ ne one or nore flow 25
characteristics fromthe signals. As previously

di sc %%%#éé,p ﬁn@us%n&is&fssé@rtﬁe §rbiae SAMAC0LEiosdsi cphasashift routine
i ncl ude a phase difference, a frequen

cy, a. ti .
0§ 4 phase diffegeitcp rowine 245 sa freguenenreiting % éf%FIWTT‘EgFF&PB? (at)
a vol flowrate for. the flow ateri .
B e St poBis R aE 1Eisfragd At 204 stores the
firheefdoP WonstanaeE Gld stbhdsdnsarsiginl 911.hEhe woragersysgiem 204 also
signal s 5?0 and 211, without the need. for %E% %83 "
stceser fist 99 degrerploge shifisilsamdisearnd W dasstr Pide shilidhat are

f t | fr. ' isti
s B8 SR P Rt BB RE ekl Bl SRRSO ctipterinics s wes

p@é\ﬁcﬁlﬁll}ecﬂg%gssﬁ[lglegﬁaéﬁ %thﬂ@@tl stosth er;dlaf‘.@\dif&ewgmﬂg, the

signal's and 211. S, previous cussed..

aaueney GRacfbe SR GRFITOE UATbPED U DRECUVER R23 i QR 224, nd
12, a j~f erence routine 215, a frequency

t eomhlnﬁgﬁg’%ﬁé%tegj‘?‘tsi me difference (At) routine 217, and

a flowe QH%%Eifafo?ﬁﬁé ZE perfidrinse mc&lgrﬁlwms@ Zlnﬁ%cm an/ispetsignal,

204 stores the irst sepsor, signal 210 and the c

indiog o8 Fapfe seasor Simel 31k B Sresr 2open sigges i e phase

s@%ioréﬁﬁnea.’z i3 ik g%glﬁﬁggﬁefrﬁ iRPR&ERNAN fifibed Bafsnd (GQwesd below).

egree p at are generated fromthe
sensYhe pheedifereveauuite 2 15 dhtereringsreephane diffasence using the first 50

characteristics. As wa i 0 dj e J
dewrer e s tin 26 Aneee5ped S0 REEA Bt an T 2 brsddbige!
infdfmat %H%[&g&%g%y intc{]}aeﬂﬂo%_ i 188 BR&R difiérened 2The piease
SS ow'rate , the density 224, and the volune
diftpnceat en@adbodifiertie cpmpateddtin therfirst sensorzignal ai §.dhersecond

90 d h hi f i Conal i aeludi
eSS B35 e oA 9 hcgnd A D
SR ok Qt@@i—n%%& nghﬁeediﬁ%ﬁee cahbe store@ i iHe@HAdR differame 220 of

enbodi nent nts a Hlbert transform (di scussed
theakarade syEtem Plvg aeprtividustyedismssadutTheghasesdifierancei Waen a

dbevoed gy B mits Syl sl GBSy otaned
ol E&J{é?'ﬂ?!m iﬁilﬁé gﬁ&gaﬁ?tmg CERProdl % RRicHBEiHek¢hoe it Sbwiraeter
conmpute the phase di

ference, The phase difference_ in
apylzatioidsivings igh Sowaates bewhereonwitinehass flows seeiedn addition, the

i , th d.. i gnal i .
oo ek s e 5058kt PBR asbie gk bl gl
2 PNARE211S ghimitufeo%éébecmfe SR RbeE dEBrepbeBalettrifssindependently of

e stored in the phase difference 220 of the storage
teyfreqenc3) dn emsr qomponentsinytheiphase diffarencerfioep gl witier from an error

L P eSS S S e

phase difference measurement. Consequently, the phase difference error is reduced over

a phase difference of the prior art.

The frequency routine 216 determines a frequency (such as that exhibited by
either the first sensor signal 210 or the second sensor signal 211) from the first 90
degree phase shift 213 and the second 90 degree phase shift 214. The determined
frequency can be stored in the frequency 221 of the storage system 204, as previously
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much faster than in the prior art. This can provide a
critical difference in flow neter applications having
high flow rates or where multi-phase flows occur. In
addition, the phase difference can be determn ned

i ndependent of the frequency of the sensor signals

210 and 211. Moreover, because the phase difference is

glg&?srséﬁ. Wi %Jb[‘ﬁﬁig@}g d8Rh l¥ieRhind® HlohetHerfeauan sycormoephse shifts,

npone hase difference does not suffer fro
ean I8 calmulaterbarpiootesined much ster Sypmanale préar et Tt cemprovide 2

i F e QAT SHo DL eBs ey Eh B i BGe fhere mul:-

gl%afstagl%%%mﬁ“or is reduced over a phase difference
the prior art. The frequency routine, 218. eterndﬁﬁ
THE (e

a fr efhetioy diffuetced dttrhaiinec3dr dsteraunesa tag)
e PonT s iiadgt sGnd dsSraRad 2 TG Lfiedference (A0
SROONE000 ifer e diffRfacs ith P22 dAthe Bwaghatystem 24 as previously
isoriagh Thpimeriimenca (AR covPBE ORI (i SEgrmintg phase
R e P E SRR B 1 el Rre ol o dUMinitRs Bness flow

faster than in the prior art. This can provide a

critical difference in flow neter, applications hayi
hi gh Theiow shescionstis PRl BiCan g EEEIE (3" JRRG P! 1 mass fow

The ti i f N 4 Figrneed. a tinme
Eﬁt‘?’fﬂéer‘i%%% ’(a%\?{c}?gie%tevv\cg@# ﬂ%’ ﬁ’graffef ?Ss%&sieogggr signal 210

and tye. S4¢ e Mdwehas 600 sf gnmthodidf pratessing first and Segaadegnsor
(At) _can be stored in the tine, difference (At) {2

sitreals inor o Tesfe ASAOTANE 1048 SERNSGIBERS) St JB S0t the
e difference (. IR 88 1fikdt 3bdor bip@al comprises
fot &PHY ae arg(éé I&ﬁ'v]%g{eﬁgléﬁ%?ﬁg&g’?e@rﬁ ned fr{e%ue%cyl?
Gftdr b ubitRaef dfddwiseearh pickteffaemioneignek mass flow 10

rate. e flow characteristics routine.218 ¢ .

det erlmistep ¥Rethsseprndsensor sigg §§°eFY‘%WIn PHY 8’%%9 flignent, the second
densi O dﬁf{ﬁu 105 8 We1iaB k .e., the
Wg%fggﬁ%%esgnlﬁg at omé%itg\re‘tr 'i;g%tgeag?ﬁg met hod o%gnal (e
Sypers6f the fikitsedsonsignalpcond sensor  signals in a flow :
neter accordi ng to an, enbodi pent . the.l nventkon;

st ep bGP 303ethe psngy FM é?&gﬁ?cgﬁl‘gﬁ%g‘}'i In PE%S#\I? ggm‘%{n{’ the

oL %ﬁ@%ﬁéaﬂmﬁm‘i& BRedild Slren 8RS AbisS hdRwaARDsiagS. In one
STHeET upstream or ‘downstream pi ckof f sensor

&hBftiment, theSil@ping@an compriscrmdepase fidionngs agpmvimgslj discussed. In
sctiin, st amVAARIBE GoRALTS GaR DS PR ET T S
gtﬁbz'gik) &k 9f8he Edfor sibhBs cARRR 1 sigiats, fiersiép sanfimther

S g - 0] -
comprise any manner of sampling, digitization, and decimation that are performed in

cen

order to produce digital sensor signals.
I step 504, a first 90 degree phase shift is generated. The first 90 degree phase

shift comprises a 20 degree phase; shift of the first sensor signal. The 90 degree phase
shift can be performed by any manner of mechanism or operation. In one embodiment,
the 90 degree phase shift is performed using a Hilbett transform, operating on digital

sensor signals.
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20 In step 503, the sensor signals can be conditioned.
I n one enbodi nent, the conditioning can include
filtering to renove noi se and unwanted signals. In one
enbodi nent, the filtering can conprise band-pass
filtering, as previously discussed. In addition,

ot her conditioning operations can be performed, such

as a ls.t'ef s n‘?j 2 20ond Qréetgg%é ]'é}'%a ?mﬁ bine-REd SEAS Mcond 90 degree

sign i 568N 8 step can further
ﬁﬁsmmaempmw oaizgee phiscsshifb bfthg: sectingi senscaisignal. 4fdn the first

d h f d d
i rereaiphawr . tas Yhdracs peera wppe carpiped bE G Baner of

5 enerated. The first 90 degree phase
Iﬁﬁ@lgrﬁsé?ﬁppﬁgsﬁa 90 degree phase shift of the first

sens @ step GO la. phﬁkrem%rmg m@npj‘qﬁgbbetypm the dspt gs@sor signal and

ol saREEL g8t qIReRRR L Qi PRE! B! 8Bond 90 degree
pgx%é‘ smfﬂeﬂd&h%bﬁ\aq ﬂoﬁhh@ﬁ{ dant s weﬂhn @mer &1 dorgpua the phase

Igital sensor signals. 15 In step 505, a second
diffgrere. ihaseemhodiment thyepitase didtprenpg és dedermiped O%ETF&H st sensor

S%@ﬁgﬁﬁsm ft coggjrl S%f‘ %3%9?%%‘3? ?ﬁ%gggl#ﬁgﬁe%}[}fe@;seg % 90 degree

pﬁgéef shift { ke SHhsél@@fcPencRRBEDriSH 4 ph@amecrmerxﬁ d’ienmdpdiryse signal,

manner 'of nechani sm or operation.

St £ep
& Plh‘f’ﬂSéWd ipidkeffsonsors, shat dnprenae berdeial lh‘é’%eFfr igythe "ﬁjratmg

sensore@éﬂgg and the second sensor signal, using the
TRYIPTASS gree phase shift and the second 90 degree

phas ghs Rislifting Mlidiel diffarincé Rf determiinednvictaout &iesmeﬂe?on sredfrequency
in order to conpute the phase _difference. ea £
velhe dulthewatculatine. ﬁhamuhugfﬁw@n@ﬁe@ca ealélefrP‘PFéﬂl b faster

tﬁqrﬁfa I?Fl}lagé rl]lg‘g r@?}lglgll %ﬁ gs%hﬁ?@ﬁﬁ% gTT?f% Sin % E}%ﬁﬁ difference has

a08E & acdFaB RER a pRade diffthRacobdadardd tifiag erﬁae;uemypr i ses
phase differenCe in the response signal [

t he Invaemph@k adtaqueraysio rcgmptﬂlﬁ?ét Thsg figgasncy l?&c‘?féulﬂwfé’ thfinvention

|
'a:&gé%uﬁy ﬁwﬁltgeéggrﬁ# eﬁfes?]‘%ﬂéﬁlg eg@%ﬁr m ne ﬁ%%%nd 20
dE e PIRRE hiftl BHRYrddiuefieintne exttodémént ubésethe 80 cdagme.;mase shift

e resulting phase difference can be obtained
aﬁdiﬁlee:pn'i@omﬂ@g sangon sigaakiremayhisl the 99 degregRbgs ?Pnﬁgls Gerived.

G T Ay 3D il n
tHESdeBshdesehi® Git@ar(the ﬁ'Bqt&hei&s bPthe tevofserspn sipnglsiage s*ubstanﬁally

conmput ed. The frequency according to the vent| on
identical imopasaisan). dbAHPBENTY COMRDIRES ?V‘?’Eﬁlﬂo%i% ‘ése of the

ﬂ?}»}g{?egﬁ@v}ﬁb Sﬁ‘gg g’%mg&n%‘glt%%u%ggy?ﬁe ggpdée%r lgephas e

shi fThe frequency thus derived is obtained without the need for any independent
frequency reference-signal. The frequency is obtained from the 90 degree phase shifts
in an operation that is much faster than in the prior art. The resulting frequency has a
greater accuracy than a frequency calculated in the prior art.

In step 508, a mass flow rate of flow material is computed. The mass flow rate is

computed from the resulting phase difference and the resulting frequency computed in
steps 506 and 507. In addition, the mass flow rate COmﬁutation can compute a time
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20 and the correspondi ng sensor signal from which the
90 degree phase shift is derived. The frequency is a
vi brational response frequency of one of the first
sensor signal and the second sensor signal (the
frequencies of the two sensor signals are
substantially identical in operation). The frequency

SRR R ) BB MR FEABR0 B0 e g Trnc

es i bration geherated by the
dt1) ¥ethg LBARatdd usketd dopepienthy nidssfoderieved i s obt ai ned

w t hout the need for any i ndependent .frequenc .
r ef erléritap X% HE! denai%cq{yyc&alggﬁgybq %tmlg?cﬁ%& pﬁ:\% s{:sh%lscussed.
90 deﬁrs?eﬁv PHAGR %ITLIII%E Flow'rBtedn %ﬁ?ﬁm’% debsnihéd, BY fRviously

faster anin the prior art. reSulting frequency
Hiasuseed. gr eat er accuracy than a frequency calculated in

:TQS e Plfr‘llgo r6i ig ggﬁfglﬁiﬁigm%%a ’oﬁg g@%éﬁﬁ%r@%%%h%s&e%%

i [ SsT¢hd invehtRRa I8 tih fidiet e 8l cuid réphesent either
f%e%g}lﬁﬁt&%e%ginf%%&ggﬁglg corrplﬂlt ed in steps 506 and 507. In

pddésting Tirctiy orgsscekdingvastane/retinest B¢ block dingsampQp éncludes a

o Bl Sl BB R o5, o o
%ys[%&%&ﬁ? efhd PG AHR RIPO {gxPlﬁts RBEribé 01 leRpickobfsigiab nput and

e density can option be det ermi ned, .as
the elghbpiskofT digsslispetd .Eithenttstlé’ﬁ grithe REG: cameqimpriss afjfst sensor
rate can optionally be determ ned, as previously 5
v, ussed. FIG 6 is a block diagram 600 of a portion

of thg JAkREBSSIGt SHe s 29ker BioCO60 Agd the saipe 2 filter block 602
enboglﬁnent of thet’i nve%?éi on. In the figure, the gl ocks

compprizs dligitab Firiitemppise Respansg (R) palyphgseciecypaiers diiss

i ons/ i nes. The b i i _
Gilesertied i oe PRppotie moEs 40% Def THfN b ok dTpulg method fo
%tégfg{%%ﬂtde i QhaobbemkeRRBsigasls, with i Alnaingsirs! decimating

604. The LPO and RPO inputs conprise the |left
ringquirformied attheisapacheonglogicablime gré aptbeisame deripation rate.

' t. Eit th P i i .
AR, HReLoL N ahE80, KR Sl A MARIID i bormprise
LK IRR Y s@Respohe: iRdReds bi dthersubthisie kidith? filtlecnguriltee processes.
digital” Finitée I npul se Response (FIR) pol yphase .
Hewsvweatit should be m@,rstqcsi m@ﬁbﬁﬁ%@gim@qﬁ@ﬁspﬂﬂg&s@%@g

t 03. Th fil .QV] i .
BRI e SRR bR 08 o0 G 3 i,

Si gNaie;, 7\%hdéwis 41851 bF HeHiltRg: enefiRdbioek 608jaccoeding to an

performed at the sane chronol ogical ti n&@ at th(te block
ahodintergiofshe iomentiane In thy erebadimenishgwny the trgnsform bloc

ali §hadd t Brach ekt:8eh PR includes

%’é ﬂ’f)ﬁ?@% aolﬁﬁ? ?;%]chn?:a%pag & 3@2@%@%@?‘21 Lf? ilters or e
IH861af BideR!T0E ikl pariatiell with b L2Osfilsr bledkt 202. drikewissethe RPO branch
includes an RPO delay block 711 in parallel with an RPO filter block 712. The LPO
delay block 701 and the RPO delay block 711 introduce sampling delays. The LPO
delay block 701 and the RPO delay block 711 therefore select LPO and RPO digital
signal samples that are chronologically later in time that the LPO and RPO digital signal
samples that are filtered by the LPO filter block 702 and the RPO filter block 712. The
LPO filter block 702 and the RPO filter block 712 perform a 90 degree phase shift on

the inputted digital signal samples.

o
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20 However, it should be understood that other
filtering processes and/or filtering enbodinents are
contenplated and are within the scope of the
description and clains. FIG 7 shows detail of the

Hi | bert transform bl ock 603 according to an enbodi nent
of the invention. In the enbodi nent shown, the Hilbert

transform bl ock 603 includes LPO branalg g E R
RPO bFheidiberywansimm bipey BOBSEHIFIHRR 19410 ¢p asLPO

rgxg%ﬁ}(eﬁl‘?{‘?c bond Pﬂi 5%’!? loclishh réebROHd ﬁﬁ@ec{ bie@ﬁlkated LPO

eW S€, anch i ncludes an RPO del a
IO Fihalsnmg @emml a Hiilbért eanskRa. f The Hilbpit ér@nsfvr;m Produces 20

Tt 550 S5t ek P04 L en Tl o, e

@ dolBn ROl Bighl ok pFilse (el @@@p@@nwmm@me

Si gn rrpl es that are chronol ogi cal
Habert tramsfornnilotih6@3 mhmfmcprgwdesmb@nw gratuge g%wr@.%onents LPO

are filter.e P
GRRERED hotions Piaehe sy Tpbaif 0> S@a%} FhfPhRIE Y Pand RPO L
702 afd iy ?ﬁs RPQe Hilbkef firdabRet block ({mercfaﬁﬂjmrapxﬁﬁbud&ba:see
phase shi the inputted digital signal sanples.
17 Thgf’ﬁl I‘?ert t ansform bl ock 603 is a first step to(2)
provi nmeasurenent. The Hil bert

transRBOm h,lpacmk(aﬁ@@recel ves the filtered, deci mated ()
LPO and RPO signals and perforns a Hil bert transform

he Hil 0 degree
[;)[ E’ %M%@goﬁ%ggﬁ@%g%ﬁfgo and RPO signal s,

i.e., it produces (;uadrature 5 (Q conponents of the )
ori gi P2Phuet TSk I) signal conponents. The out put

of the Hilbert transform bl ock 603 therefore provides
t he ngppH uadr At e, ,(_,_ conponents LPO Q and RPO Q (%)
al ong V\/I‘l'.% thé""or%l %F i n- phase (1) signal

conmponents LPO | and RPOI rog mgggs to t e Hi Idbsert

Gomabisingrthe brigisk! tswes with throwE

AP, cos(wt) (2) RPO = Ate, cos(w + 0) (3) USI ng the
Hil bert transformthe. o omes: 15 LPCh,r" =

Al po LHAET fwf@s “ﬁﬁéﬂ’t}iﬁl‘*{mb@& sin(wt + 0)] (5) ©)

Conbi ning the original teens W|th t he out put of the

Hlb tr l; /) Wt ) + 7
s: n(\?\g? E’% pg(%@?é) (mré%)}gg _e [ng(()\?\é+ g +I @

I si Arel O (7) 25 FIGS d ,
IbISIOQSEIGSaé ek PERE R Ou B PSSR LS the analysis

' b?cpcil éﬁﬁl atcording to an embodiment of the invention. The analysis block 604 is the

final stage of the frequency, differential phase, and delta T (At) measurement. FIG. 8is
phase portion 604a comprising a first branch that determines 2 phase difference from the
in-phase (I) and quadrature (Q) components. FIG. 9 is a frequency portion 604b that
determines a frequency from the in-phase (I) and quadrature (Q) components ofa single
sensor signal. The single sensor signal can comprise the LPO signal, as shown, or can

alternatively comprise the RPO signal.
In the embodiment of FIG. 8, the phase portion 604a of the analysis block 604

includes join blocks 801a and 801b, a conjugate block 802, a complex multiplication
block 803, a filter block 804, and a phase angle block 805.
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bl ock 604 according to an enbodi nent of the invention.
The anal ysis block 604 is the final stage of the
frequency, differential phase, and delta T (At)
measurenent. FIG 8 is phase portion 604a conpri sing
a first branch that determ nes a phase difference from
the 1in-phase (I) and quadrature (Q conponents. FIG

reculn éL%?r om't 0@&%&%25{2 § d‘}%)kg%ﬁ %&%@me Q)

frequenc e In- uadrature 8
conparieats of aménmr signgjl EEld ;&embhan osi g"JFth conj][tggteshlf:@q 2 performs a

SEISRL SN o520 SOTRLL 99, 5 DAL o P09 v of e

Eﬁ%%&%@%\apfmglcgm pfbn ﬂ'xhﬁl REARA HIGUK 8@%@%&6@@%@) signal and
anal ysi s bl ock b04" incl udes ggln bl ocks 80l a an

#0150 sigoalnjmperentisigegkador(8) belownplediliabiag §044mpipments a

%gg%lkﬁlg%ssuc s B R e Do P e e R BB 309 o comprise a

P 8 uphasgod fikeranst 1§ ugsirtaretheve Rrmodingansi ivnofhedn-phase
sensor signal and pass themon. The conjs%faate bl ock

@pandhguadeatuns (Q) conppieais ofdhs waaeTesignrlasseka o Qe@wsﬁte the

R T e oot B aonsl Py R RRLmRoA b it ngyted

dibdl d¥ich @8 dédiRatRiiba Gidedr AN, for remnpleome ghade, angle block 805
i mpl ementing equation (8) below._  The filter bgock 804

detgsianesihe phase gngle frpim thel inghased foandguadrpiure (R) pempgpents of the

{0 S\RACE TR IR0l it Basf B XA AT pERRS Bafcion (1)

dnaviRleycontent fromthe in-phase (1) and quadrature

conponents of the sensor_signal, as wel s.to )
é(eg?:. @%mom@@ﬁ%a shppi@ i ﬂ@efg ingpleryentithe, f’%lﬁ’@aﬁg pRuation:

chosen to provide decinmation of the inputted 10
signal, such as decimation by a factor of 10, for
exanpip@xﬁp@qogagelmaagiﬁeb#ﬁbk 0k 4 de{"é?‘r"i’ﬁ#hes t he (8)
phase angl e frofthe in- phase ( and quadrature (Q
conponents of the LPO signal and the RPO signal. The

v@{kﬁé““ &9@; t SAfaHasg gac(11)  shown

e = e phggﬁ or odr?%%%oshom |ng FIG 8

i npl epent s the foI | ow ng equat| on: 15 LPOx RPO = A~~§9)
i) xme Bfnf) X A .ei(-"+Orm) (8) where LPO i

t he conpl ex conj ugate of LPO Assuming that: 20 A =
WP~ = A (9) then: LPOx RPO = A2ef(0) = A2 [cos(O +i
sin()] (10) 25

LPOx RPO = A%¢'® = 4*[cos(6)+isin(@)] | (10)
The resulting differential phase angle is:

1| sin
¢ =tan I[E?.}%] (11)

FIG. 9 is a block diagram of a frequency portion 604b of the analysis block 604
according to the invention. The frequency portion 604b can operate on either the left or
right pickoff signal (LPO or RPO). The frequency portion 604b in theiembodiment
shown includes a join block 901, 2 complex conjugate block 902, 2 sampling block 903,
a complex multiplication block 904, a filter block 9035, a phase angle block 906, a.

constant block 907, and a division block 908.
_ ' 19 .
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The resulting differential phase angle is: ] (11)
O=tan-'LCD ) 30 FIG 9 is a block diagramof a
frequency portion 604b of the anal ysis bl ock 604
according to the invention. The frequency portion 604b
can operate on either the left or right pickoff

signal (LPO or RPO . The frequency portion 604b in the

con] MUV IBL Risaac ahe ok ) Breegn o i pE L &
cg}r%g{agﬁh :(ggt{(dngz‘g)ggﬁtg %g 230kor @ghillah@pabled GhendBR, The phigagate block

5 constant bl ock 907, and a

ti\riesforns btampled08njugde one sprsev signeh fiergitheLlRQsignal fad forms a
join block 901 receives.bath i.n-phase . .
R eeﬂ(ﬁé)ﬂ%ﬁgaﬂeﬁ%%sﬁyﬁ%@@rmég’%‘%?QS%IEP“I‘%MY e
tﬂéﬁéﬁ&nwﬁd;ﬁigﬁ 60T anaaRirbias @1dkos HigitdDAzpe sdrapleehat is
conpl’ex conj ugate on _a sensor signal, here th ,LFO th th
chirgpuddgicalin dldeoimma. Thésplderigity stemal samplt Hé?‘;“? iggh giith the

The del ay bl gck .903 int i i 5
cpffent fei e 0 ronPeb bt R aReR B 008 T; Bmphe
Higblidkion biRRIo0s auMiglidshaé LPS sigtal ambitediRGrtonjugdte signal,
in tine. This older digital signal samle is il il h
implanhqsting equekion ({ Debelasir Tanilten ojpels PO reiements adigtal filter, suc
| tiplicati 4 .
s T e e8! 16 A block 9pg O lorise  polyphase
deBRndtRO MeihtoR WeediciRalove hirmpirécremitemdio thetinghaga ) and
bel ow. The filter bl ock 905 Jn'pLerrengs a digital :onal The
dquiatitatire (@Leomppoens of He P Fighple 25 BIEE A & v%naﬁe&éagggga-
filter block 90 ¥ :
cJE e e PR PR B ARGd signal,sucho
desiAidh b{y @Qﬂifté{k%“ 100 fatexaeplel )T‘I?r}ﬂlaseqatgllf blook ?OQ @ptermines a
conponents O e sensor signhal, we a .
phess anglectrom dhesinphape (I Querirwie (O epmpendiy o g BR signal
. ) A Cho ! nevs .
SRGRERALGHRR AR ASAYIE Lo g5 b e oo
b}ﬁ& Q@Pﬁﬁﬁﬂﬁ@ﬁg@c’t@ﬂ a%p@gg ajﬁngﬂef:'ate ¥, divided blyatsie ;a;tn@q gafown in
rom e 1 n- ase an u ratur A S conponent S
cquLcur s G Ao WK SOHAEE L1 GER B R PRgT SERr on (14
' f ' . bl ock
Sob Tt o BB p Tt b e H e paton, O o

di vided by two pi, as shown in equation (14). The
di vi sion bl ock 908 perforns the, diwi sign,gperation of
equatlhiPétv-(14F0,,, THe. € f"ér"d)u‘eﬁﬁo)ﬁ'mpbﬁ‘# 61f’604b i npl ement 512
the follow ng equation: 20 LPQ(n-px LPQ(n) = Al poe
Th Bhgik Rivften Bl Blnsechfenabladifierdfofel 2)  The angle
e

en two consecutive sanples is therefore:

wi— ot , =tan” Sin(ot —at,) _ | (13)
- cos(at — ot )

which is the radian frequency of the left pick-off. Converting to Hz:

= (a’r-a;t__])XFS . (14)
7T

o

where “Fs” is the rate of the Hilbert transform block 603. In the example previously
discussed, “Fs” is about 2 kHz.
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25 wt-wt_, =tan- 'Isin(nm-nt_,) (13) Lcos(nt -nt-,)

which is the radian frequency of the |eft pick-off.

Converting to Hz: (wt-at-,)xFs (14) fpo 2; 30 where

"Fs" is the rate of the Hilbert transform block 603. _

In the exanple previously discussed, "Fs" is about 2

kHz. 20 FIG 10 is a power spectrumdensity plot of a

pi ck- I%H 1l§§sr5.|;ﬁJW%| %Q&M&e@ t$ #:)RWOf AR &-off Relebr Bigh#ledf a flow
ns e

condi't1o dament a equency of the flowreter
instet Dider hadma sondifibke ’ﬁ‘fe fuhdangpntg) Hreghgngysof| the pwenesgr 1s the

@ﬁ\% téplig g&tgzg g}'q}; thr[lfgl @ﬁ@{%%‘g gﬁ\f Bk m\ﬁ?'% eﬁﬁ@&l@f Shows several

' SericS stdd@uiniisd fifst rosk€uratam@ntal mode is the twist
[{‘}H&%%ﬁg@ ofﬁgh%ggql §§tslit) mes t

req frequency 0
mudﬂarﬂeﬁﬁqabnamfaboufrhémasﬁmmee%ﬁ mﬂ%\rﬁ? gaode). These

TR S Pa R Smat e & IOuBR IR AR RieEher

@%Qﬁ%ﬁ’éﬂ&nﬁcﬁtﬂ%&g 6;':& G twlidt Igmlétse&brﬁl Head mtaideyetcﬁll | bert
ranstorm ocC accorai n o_a sin

s E' { (FIGmbbaiaven, altemesty FBET tiepsihapdy 9& c%%ﬁgﬂg fqya single
aBes S peodrre T IBR: bt blish P Bt SRR ant inoludes

D1 POlor£ R4 11100 REd ARIPE) brahdth] 1A0f I'_[r}ieét:P(b Iboarich 7020 umheieszra@elay

branch 1110 in this enbodi nent 0
bgcHOI70 peralc] wihertaier bivek J6P b RRGErRgs |t Rglifelbodiment

lﬂglrlurﬁ (H:@y gggl égog}\%l b fs%re?orﬁt gd&l’aﬁ: ckbh7or ﬁ‘mz:ﬁ%ce sampling

ee p ase S t on"the |nputte
& gjst als e ahe SREPHISCK 702 Sefoutind a9 depterirsoshifitearthe inputted

al ternatively the Hil bert ran orm 15

GoalsigpHiesmmia ¥ shquld pe m@rmsf Al O ek g form
es sform phase shift of

tgﬂn%q&éjdgngoulggﬁ%s rsﬁn@?b {‘h in or to derive both the

f r equERRCHoaRsing Renbokdasent didsftae Hnlbert (mesfofhipBase ify pf only one

This significantly reduces the nunbe of . co
seosad @xgnglan peder ﬁgra vedprils the frRENER! the Qhﬁergjﬂ%rence Psce FIGS.

FaBanit AR e ddfdbrReE ﬁ?%?%%“‘fﬁ PEperform 2 phase
BERESBNnd sigigficatitiyutdnts themunitebef tomputatisnsneededtaobiain the

603" will provide the quadrature (Q conponent of
reassrﬂ@wvnawe | eft or right sensor signal, but not both.

N G CERIRfeRE b buh B e Rutbée ShndfSroPBRSR 603" will provide
the quadratl..lre (Q) component of either the left or right sensor signal, but not both. In -

the example below, the LPO signal is phase shifted.

LPO = 4, cos(ar) (26)
RPO = 4, cos(at +¢) 27)
Using the Hilbert transform, the output becomes:
LPOyyyrs = Ay, Sin{00t) (28)
29)

RPO = 4,,, cos(a@t + §)
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25 LPO = A,,, cos(w) (26) RPO = A,,, cos(w + 0)
(27) Using the Hilbert transform the output becones:
30 LPO nb,,, = A sin(w) (28) RPO = A, ,, cos(w + 0)
(29) 21 Conbining the LPO original termwth the
output of the Hilbert transform(i.e.. with the 90 "~
phase shift) yields: LPO = Alp,, [cos(wm) + i

sin(cat)] =_Ap"e(30) 5 ile the 0] -
Epringnibe 520 yieal by oy of U FUBA oofoRRiTy with e
£ phasq shifhyigldst he anal ysis bl ock 604a’ for the single

phase shift enbodinent. 10 The anal ysis bl ock 604a’

in thig,emodi t. i ncl udes, openj oin bl ock 801, the (3p
conpl@o_g%ﬂ[jﬁog@?{:% angﬁ’%gl_d%’ky%& a lowpass filter GO
bl ock 1201, and a phase angle bl ock 805. The anal ysis
whide e A Staynthe Bame:enrbodi ment i npl ement s t he

foll owi ng equation: J(O0+D)iePQxRPEEA), e-n"nxA, pore

e A)@Boﬁé%(mg(ﬂww}swﬁﬁmﬁ—r Y11 15 (32) 1)
The | ow pass filter block 12017conpr¥ses a | ow pass
filter that renoves a high- frequency conponent

pr odurIed 10 ¥hdwethe analysix bhack 60g4 i fomthesingt pladse 8bit emﬁ@imcnt.

| ow-pass filter block 1201 can inpl enent, an ngr

Bhe ausprcblackt (146 i CSRICHPRE LTS ESIPPISR) B HifomPlex
mul.t k.pl.l ' 1 16eRi805.
kS PRI 185 SRR IR e hifcbic
Phegaten Blod 60laNin(thisBfboeiment)implinents thh dol{owige)eqegitpn:

the (cot) terns cancel each other out. The (cot + cot
+ 0) sinplifies to a (2wt +0) terljv at twce the

freguency. Since the |estrtsed“the shm>ofr farmmy . theras
hiéﬁOﬁ‘Rg \efef J?.2}(3‘ woif0) T epm can | be renoved. The+te ]
only signal of interest here is the DC term The hi ghé32)

frequency (20)t 25 +0) termcan be filtered out of th

result using a lowpass filter. The cut-off of the )
| ow The low-pass filter block 1201 comprises a low-pass filter that removes a high-

frequency component produced by the complex multiplication block 803. The low-pass
filter block 1201 can implement any manner of low-pass filtering operation. The result
of the multiplication operation produces two terms. The (~ot + ot + @) term combines
and simplifies to a phase-only @ term (a DC result), since the (—wt) and the (ot) terms
cancel each other out. The (ot + ot + @) simplifies to a (2wt +@) term, at twice the
frequency. Since the result is the sum of 2 terms, the high frequency (2wt -HJ) term can
be removed. The only signal of interest here is the DC term. The high frequency 2ot
+@) term can be filtered out of the result using a low-pass filter. The cut-off of the low-
pass filter can be located anywhere between zero and 2.

After filtering, the result is:

LPOx RPO = A*¢’® = A?z[cos(qﬁ) +isin{¢)] (33)

Therefore, the differential phase angle is:

4= @—1 Sin(g) ' | (34)
cos(¢@)
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i

pass filter can be | ocated anywhere between zero and
2w. After filtering, the result is: LPOXRPO=A2e' (M) =
2 [cos(9)+isin(O] (33) 30 Therefore, the
differential phase angle is: 0 =tan_, [ sm
cos(00)(o)JdIl (34) 22 By taking the Hilbert transform
.of one pick-off signal instead of two, the

conmput ati onal | oad needed to perfor hase an '

fr gg@efrtelyinééhﬁ Hherigransferaorh %%iﬁgd%&f)gnﬁf’é‘ﬂeﬁg%’i‘%o*ﬁ%e
advant. aRNasI dyf aueifioqn i€ @orioli
%Q%gr{éﬁlggag?ﬁ%dﬁeaé{dgtp%%ngg;@g ng t\i%oﬁqlgg%s}{)rﬁsi gnglls, Eatls e
flbSi Mgtet s i deaeag8busiterpdaeedd hElseptsist fnd frequepey can thersienpbe
the sensor processin f the .invention.a 50
CeffameN SPInGITS SCRREIER ST BRBE G PR Sy el R B il

of eagh 1i3%h89'§@1@$'ﬁ%or %I:a@eﬁﬁg ¥ the iBtien id @mpipddan itled prior art,

i ncluding a gas w e., gas bubbles, for exarrpéﬂg%. ol
Whiathix 2 titnie iiffmende (Atbwalue hbedch dpompared. (The chayhghoxyhe gy {patert

reduced in the new.algorithm| u - o
e
sgﬁk@anﬁﬁﬁsoi%%%&tgtm thlb Qeﬁr%ﬁgdril.’thrd beaaum:(fhbre tagaeoﬁ ﬁhlete&aridcquuency
~does not i splay the |arge peaks. gn S t

sl | Tt O e Ghe SERRD Ak TN AP EIRg b ¢ gt does ot
st BN Gl ' iorFrf 64) el freRidngy.
Bt e s L e e e b e

pi ckaht iicgtion diflors fasmithe ppematt nFirstr by paat st Synipadly, determines a

Rk S ecoarat Wi9E HRIcK b Bl A Ao rPRR T e ten S Bobibe, such s 2
d%i(/gtgslf gﬂ]ﬁ Xexg';@ a ﬁﬁ%{sﬁé&%ﬁlr&d&% @BletAedRd Gibativeal response

requency S e phase of one 15 of the two
fRQDERY. $h oomtsst, thEHavantionrdetarminks deeqnencydut Shifiinadhq plase of one

ok theePnE giRarls. SatBHet angoe th PR 0F fhrdiplredbonse
f{#%%yﬂ&b%%ﬁifﬁéﬁﬁns&cﬁgmtmen pi ckoff  signals
e

t prior art frequency determ nation. As a )
consSegpdemostamipr art flowmétars| dstheniners phase diffesenegrhetween pickoff

I R e i

h%YLfJeﬁliﬁ 4RI e aktFrelgli8ndy dernbhidtioRBS fchidewin etieeprior art phase
eterm nation. I'n'confrast, the invention determ nes
diffeperh aleerairation, sompodndiag the o verdhetromia the prigpart mass flow rate

SR ke S AR SRy

. i _ _ , i nidtepmigion. A
o?réglts%foeémﬁ%%g%ﬁ ?ﬁégg%%gggﬁﬁﬁ?@ é%ggggﬂtf er‘rln'_nati on, and N

airssultpinyedrf@deranisiiye reylt of 6nlytheplase yagenulatiaryand igse

measudernent of the phase difference determination, and is not affected by any

frequency determination error.
Third, the prior art determines the mass flow rate using the independently

. determined outside frequency. Typically, the prior art also uses a phase difference that

has been obtained using the independently determined outside frequency.

Consequently, in the prior art, the mass flow rate can be twice affected by any etror in
the frequency determination, and therefore is not satisfactorily accurate and reliable. In
contrast, in the invention the frequency determination and the phase difference
determination are independently derived. The frequency determination and the phase
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Third, the prior art determnes the mass flow rate
usi ng the independently determ ned outside.

frequency. Typically, the prior art also uses a phase
di fference that has been obtained using the

i ndependently determ ned outside frequency.
Consequently, in the prior art, the mass flow rate can

%gfte}e\f\fcg fet ?ltrxgﬁa&fo%ﬂ% 9?% Hyen t?d'nriﬁérefcfﬂe Fntda ﬁﬁ&ﬂ:ﬁ%ﬁﬂl%t error

erm na ore I's not satisfactori
@eginahte Addkesnd, ngibpehe ineter elotroriss and the mhféhqdntv/@ht: iigypntion, the

i RAVR R oo B BT ol PR PP o U aeg e

%g%? B HAL ABRG el ﬁc&ﬂéfrx? 18 thedhi driog ReSalso improved in accuracy

rmnation 1n the invention therefore include a
adahlishifdyl er error conponent. As a result, using the

e e e o aSenc) Atershalioh BPMe ol B ¥ GRELADely1Rg time.

Iﬂrsﬁﬁﬁtlidhs RARRGRE floWan s EEYnhptises ﬁiaﬂ@phaseaﬁrdhme@hm flow, such as
low rates according to the invention are, al sp

a lmmduwhdmg mmed@yhd&smyﬁ@r ﬁmamﬁé igpses suahs AT pubbiss), the prior

r %‘ @9 il 1(5%@}1 n SI Irl'o% éec\?\)ﬁngsf an}%i‘ﬁ%d@ a stable and

r@ﬁh@él&%'cc&%’ﬁretﬁé%ﬁ Fndab0repitAs eIanonh*bSt,elhe [ﬂ'eqsfencfyl amd/ phase

such | i quid |nclud|n entralned nd/

cbffeneacméﬁerga@é@nﬁ aeaondiag ta 1BYR§IHP@§¥H %H tagxeﬁaamc ter, such

! 2
s opaag e T TR eRy Shuftbe BEfyfScRar, 41 v characterttis
JeFO8M BB YhEBBGUHRETBAd thel fhasodifferesice chthalsd be qbeimey inmalich less

hase difference determ nations according to the
timmzent i on can be obtained nuch faster, such as on the

o e g A A5 R R e PSS oot

ithetshase bdintflenense acardiak s aiyeotrht ainbediniantninairdéri®sbtain
tinme. 15 The neter el ectronics and net hod for

spreseloukyanigeescifi dovires drl @V%J@B AR AYPHE 2 Rhatrdifiernog drpm two
T e e N O e

deRR¥i@Hation of preatéOaRUf#y and Isrelsanldyf fThe émeation can prawide a phase
phase-shifted sensor signals. The inyention gan
deffesonaseeerpination Gistar dhesnie Paier 87t ARG AlS FOBTIPE Jsg processing
accuracy and reliability. The invention can provide a

ase 20 difference determnation faster than the

pri omhahivedtich i dognpanna finegcl éma prsbomspliase shifiedsensor

The i nventi on can co ute a fre ncy fro ust one
signak elherinveniign semBrvidest Gratency reratio gfgr acctiracy and

Lge d&erﬂﬁl%ﬁoﬁrfaﬁélctﬁéﬂ €l¥e prior art
rar%ﬁiﬁe@g%gm%iés%%e@m i'on Can provide a P
ahd ﬂ@lﬂ8ﬁ6ﬂ81ﬂﬁﬁ§km petesingftiméer than the prior art

The invention can compute a mass flow rate, a density, and/or a volume flow

rate, among other things, from just one or two sensor signals. The invention can provide
a mass flow rate determination of greater accuracy and reliability. The invention can
provide a mass flow rate determination faster than the prior art and while consuming
less processing time. The invention therefore provides substantially better performance
for entrained air conditions, empty-full-empty conditions, gas applications, and steady
state conditions. '
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25 and while consum ng | ess processing tinme. The

i nvention can conpute a nass flow rate, a density,
and/or a volunme flow rate, anong other things, from
just one or two sensor signals. The invention can

‘provide a mass flow rate determ nation of greater

accuracy and reliability. The invention can provide a
mass flow rate determ nation faster than the prior art
and while consum ng 30 | ess processing tinme. The
i "WWeHRmsn t herefore provides substantially better

p [ﬁ\@é’tﬁl b @FbOR6ind bénss0fghald insflow meter, comprising an
e?rpty- u]@grnr%tg)t/z(?ona;?ti ong;g1 gas a%idlli cati,ons, and

s tsertice (211 tfer reenivingiadines semor Mgnd aadl prsecpndipensoy signal and a
e A i 1%, with ihe met
PGtk oA 4SS BTG 0 e
r elzeirenicn(28) beings chesangized bygnal and a second sensor

signal ;and a .processj I | QAR R HddREE phas
with tHEP %géF%G@?)g%’%é%%%?ggnﬁ el ectéri%lﬁiéc)s 'p ©
( 20k faeh be Rboeaat-aignalethdepmpidea frquensgsiron thy Stsbsansor signal
(203) being. configured.to generate a ninety degree

p A e i f‘e@"?"d?ﬁ%g”%rst sensor signal and conpute

a frequency fromthe first sensor signal and the

ninety degree phase shift. 10 2. The netey electronics ..
(2071 kst alotranion 103 of e b with hedip e 20T PEHIRG ifeitizer

di4} 5’?55'“'*542}9 iB9Nhb MiBHsibmal di gi ti ze the sensor
s%dr%gic . e%ﬁ ter el ectrso1 Ics (20) of claiml, with

the nmeter electronics (20) being further configured

S BF Wty Hhohfich (205 b IR 6wl (et ViedldRS RSO Meing frther
pbafipusd thtcohdidion theefirkt seasor signalomdshesegbnd sensar-rigne beipre

el ectronics (20).0f clai .t .

eSW%i&m%E )desmeﬁbﬂ%e@’{]%?% t@%ﬁ&? aél#?éxed{l Fale, nput e

a phase difference fromthe first sensor signal, the

ni nety degree phase shiff, and the secqnd sen -

Cfho T mep clotatias D) 6F B L WU e an O STOT G L) bpng furher
Wt dRe) 18cORBERI d jhaSy/ SERfEntS 83N the B sdrisbf Higtal, the ninety degree
configured to conpute one or nore of a mass flow rate,
apPhesa shifly andthe secopd gersorf $igvdlr ate. 6. The neter

el ectronics (20) of claiml1, with the processing

system (203) being further 25 configured to conpute a
phadbe dictdr elestromict (20)rof tleint 1 rwith thepregessing Aestem {H3) being further

P g B B o BR AP R S UMIsRE 878 Volume ow rste.
phase di fference and fromthe frequency.
6. The meter electronics (20) of claim 1, with the processing system (203) being further
configured to compute a phase difference from the first sensor signal, the ninety degree
phase shift, and the second sensor signal, and to compute a mass flow rate from the
phase difference and from the frequency.

7. Meter electronics (20) for processing sensor signals in a flow meter, comprising an
interface (201) for receiving a first sensor signal and a second sensor signal and a
processing systam (203) in communication with the interface (201), with the meter
electronics (20) being characterized by:
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7. Meter electronics (20) for processing sensor
signals in a flow neter, conprising an 30 interface
(201) for receiving a first sensor signal and a second
sensor signal and a processing system (203) in
conmuni cation with the interface (201), wth the neter
el ectronics (20) being characterized by: 25 the
processi ng system (203) being configured to generate a
first ninety degree phase shift _fromthe firsé sens

or
si gnal ,thepreptssng aysiem 2B Sying configed 1 gedprale st ninety degree
9 i e s3sobdi birf the fi Sensor signal
o 2if M0nd B8 i pRLe DRI ARMCE SRR SOt dnor i

phase dai ren ro .sensor
siapdahe fitshainetyrdegrenphaseshific gné compute e phaserdiffergiee froma the first

B

digitizer (202) configured to digitize the sensor

Si . 9. The net el.ectrqQnic 20) pf i WL R e
CHE P mter e (20 Y SEm gl thPletiee 048 Boludidh & Bighizer
C Qb2 Oithagured te @iglizk iR sehie signalst sensor signal and

t he second sensor signal before generating the ninety
degree phase shift fromthe first sensor signal. 10.

The Rt tﬁ&e@él@tﬁfcﬁa%i(ﬁt? dEem S withahéméier Woboribe(20) being further
processing system (203) being further configured t%gfore

c sopfigered trecanditipnthe fitst senaerssanal and thgsecong sgfaes sighal

ore Bl or e U Fase dut Wi B R BOSENRRILT (=0

further configured to conpute a nmass flow rate from

t ase di fferenc n [om f

dehoernensee R RSt slehs 7, M s oA ERE Hmat G%) veine

t Harth&tdeafipeedTy dompute offeat @horend a andks flew raterws densiy.gmal volume
aHg a second sensor signal, wth the nethod bei ng

c Berized by: generating a ninety degree phase

shift fromthe first sensor signal; and 25 conputing a
frequency fromthe first sensor signal and the nine

(dr daieshetessloospios (203 of i Fotiib NORBERE 1T, (305) bein

: : st . .
g e %ﬁ@é‘% é&%@%ﬁﬁh&mw% BSn{ thi Phast AMEREnce and from the

nd sensor signal before the step
offrequespyt i Nng t he ninety degree phase shift. 30 26

12. A method for processing sensor signals in a flow meter, the method comprising
receiving n first sensor signal and a second sensor signal, with the method being
characterized by:
generating a ninety degree phase shift from the first sensor signal; and
computing a frequency from the first sensor signal and the ninety degree phase
shift.

13. The method of claim 12, further comprising conditioning the first sensor signal and
the second sensor signal before the step of computing the ninety degree phase shift.
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14. The method of claim 12, with the conmputing further
conprising conputing a phase difference fromthe
first sensor signal, the ninety degree phase shift,
and the second sensor signal. 5 15. The nethod of
claim 12, further conprising: conputing a phase
difference fromthe first sensor signal, the ninety
degree phase shift, and the second sensor signal; and

o BTotos oF Flo L3¢ Wit Mg o arisfhe ity o phase
?ﬁ%r FoRTE! t@EﬂS‘éPE@H&I' e nies tpha@lﬁﬂﬁﬁanﬂhhsgcond
S I'l bert

using a ransform™ 1 A nmet hod for
persoesignabg sensor signals in a fl ow neter, the nethod
conprising receiving a first sensor signal and a
second sensor signal, with the nethod being 15
dbaMhe inethoded claym lgefmahattfrcmg)r'aingi nety degree phase

shift fro thefrr

frequ@‘?ﬂ:ﬁg}1 B Sptapd %fereg{;ggewﬁj%r 2 oha t%ﬁéﬁ‘#l oty
=QRifD s e sédvnfisensonsigndnmdt i ng a phase difference

romthe fast sensor sjgnal,.the. ni d

phaseouRtEE oaf GF e SLEBAY BT Gy O ot Jiow rte

met hod of claim 17, further conprising condi ti oni ng

the first sensor signal and [he second nso naI

B6s ahemerb@dﬁ@]@n@flzc@ﬁsbm comprising cepmuiine ﬁrs 3?‘1%

g?a iRt hod of claim 17, further
con‘prr ng: conpu |ng one or nore of a mass flow rate,
a density, or a volune flow rate. 20. The nmet hod of

O o Pk FRAASHARILTR AT Bk e ROl omprising

2dceivingiefifuoserbar sigiab meds sevgnd sans e sigrial eftsthe methad baipg

met hod conprising receiving a first sensor
"@"ﬁwﬁj’ya second sensor signal, with the nethod

bth%i ngge:%ﬁ]@mg?txﬁﬂ g @6prby phege Bleiftadtonn gheafired sordor siimgk; ee
phase sni t romtnhne ensor si cpo i n
a phaQ‘E!ml?jv}tr‘lﬁé‘rf‘é?‘?k‘:‘én‘fYréi‘?ﬁ“tq‘Fe1§ §é£’§€?ﬂdstg§ H%ﬂwp’}] phase

@hrﬁ‘? ddegree phase shift, and t he second sensor
signal; conputing a frequency fromthe fi rait sensor
Si gnabmﬂlﬁhﬂ@hﬂﬁ@f@@é@ﬁé@ th fizsd sensor sign nety degree

phase shift, and the second sensor signal.

18. The method of claim 17, further comprising conditioning the first sensor signal and
the second sensor signal before the step of computing the ninety degree phase shift.

19, The method of ¢claim 17, further comprising:
computing one or more of a mass flow rate, a density, or a volume flow rate.

20. The method of claim 17, further comprising computing the ninety degree phase
shift using a Hilbert transform.
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shift; and conputing one or nore of a mass flow rate,

a density, or a volune flowrate. 10 22. The nethod

of claim 21, further conprising conditioning the first
sensor signal and the second sensor signal before the
step of conputing the ninety degree phase shift. 23.

The nmethod of claim?21, further conprising conputing
the ninety degree phase 15 shift using a Hil bert
transform 24. A nethod for procegsing, sensor signals..
i 3l-aAmpahpdfor Brocessing saRIoR SIS A T1QY FEpter e Srerhoq Fomprising
f lksita send of S84 with Bitahethvd b
tﬁ%&kg%%ﬁ%ﬁﬁgﬁﬁgg c %#gg?gﬁﬁggﬁﬂ%y:ggg generating a@ng

f thasactarizeéby: degree phase shift fromthe first sensor

si gnal . r.at i | 3 se
shi'rt FPORinp TR e IAARARE R RIAL ok RGBS

f r equesepufing aphize differenceSams the firstgaagor sigaal; the ninehsdegree

ni.nety .deqr hase shi f . conmputing the frequency
fP}@ﬁ?%{lﬁg’ %@gﬁ%%c%‘ﬁiwmsﬁi%%l and the second ninety
degr eecopipotifg & fiicfiiency rofbihe Tire serabhsignad find thei nimedy| dogree phase

further, conprising conditioning the first sensor
stif9and  the second sensor signal before the step

of conguiputifiy biCor hélof aines flowege cedensig r ahiohime Bow rate.
the second ninety degree phase shift. 28 26. The

nmet hod of claim 24, further conprising conmputing a

Py Senethbihed sgaaut 5 QRS colapfisihg SEBEINISY BB st sérer signal and

first ninety degree phase shift, and the second sensor.
sthg sedond sensonvigual befpre the sisn £ eompitingthe gicty jphase shift.
first sensor signal, the second sensor signal, and

the second ninety degree phase shift. 5 27. The nethod
o23. CThwi metBdd of clainh2, fodhay comprigng conpiingibe vinatyslegres phase

of .a mass.f].ow. rat a density, or it volune flow

r . . ‘of claim 24, further conprising

R uBg il im0l s furth i si
computing the first ninety degree phase 10 shift and
the secon i nety degree phase,shipft using a H [
96 A i oprostasiberkotror ESRS s bav ke e Spdthddilnerising
| Bcdiving QWirsikAYor sipha 48 lahecbnd @BIsOL Signal, witk e méthed being

first sensor signal and a second sensor signal, with
tharagisrigedibYiei ng characteri zed by:

generating a first ninety degree phase shift from the first sensor signal and
generating a second ninety degree phase shift from the second sensor signal; and

combuting a frequency frotn the first sensor signal and the first ninety degree
phase shift or computing the frequency from the second sensor signal and the second
ninety degree phase shift.

25. The method of claim 24, further comprising conditioning the first sensor signal and

the second sensor signal before the step of computing the first ninety degree phase shift
and the second ninety degree phase shift.
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15 generating a first ninety degree phase shift from
the first sensor signal and generating a second

ni nety degree phase shift fromthe second sensor
signal; conputing a frequency fromthe first sensor
signal and the first ninety degree phase shift or
conputing the frequency fromthe second sensor signa
and the second ninety degree phase shift; and 20

S e TS A o o e

f %&t@%ﬁso? g@ﬁhﬁk Rt RN AdoRidl fhdsd dhef fant Shie seemvabeensor signal or

si gnal e second sensor signal pefore the step

ofcomprtics the phaseedifference A glcyﬁréfe‘&l“é’é sigRals tiespeqnd senggy signal,
cf ﬂlg E&g? se shift. 25 31. The
ne%gﬁ%' P‘gjﬂ %§ B Eerﬁcon”prl sing conputing a
phase di fference fromthe first sensor signal, the
n|n p nd the second sensor
5351;“’ ‘#ﬁ%?‘%e“ ﬁJﬁHsﬂrf Hﬁgﬁlference fromthe
f i rst semﬁwn@!@mmore bfea messcﬂm,v zan Salengityg Aad yolugg dlow rate.
the second ninety degree phase shift. 30 32. The

met hod of claim29, further conprising conmputing the
f i8S tTHe infRkad sfeHiR4p hather copprisingsothutieg shecfusichingty degree phase

degree phase shift u Hu t.tra 9 33. A
EPHCRR B9 S45PRLESY GEBREB SOTLAGS THo FsfF e or

the method conprising receiving a f| rst sensor si gnal
and a second sensor signal, wth t e net hﬁg

CR&r e methiod Sor prpcessing samseraignids ia 29 ?9‘3 FREPrisng
P I}Qc%?wﬁg b st G500 &gﬁal Bhd £ 5ecoRd %ﬂ@ﬂ@'vﬁﬂ{‘ﬁc method being
generatTng a second ninety degree phase shift fromthe
sehamadteseatclyr  si gnal ;  conputing a frequency fromthe

(L5 SR FOhn Rl el e Sh i o MR lipaFaad

S geRerating 9ambndninetyhiegmee phasd shift fremytheisagoabsapbersignal;

Sensor CPE S frbney Bpm e, fis phdrNifhel SRR Rt birkfy degree
ayHadeBifS SEUIMD mggaw&a;ugw from tigosepotd sagsdrlsgnplmsldhe second

dlfference fron1 E first sensor signal, the second
e second ni nety degree phase

S m ft; cmﬂwl&hﬂﬂe 8NEmAss I fat6)fa denking or  olamedioay rate.
a density, or a volunme flow rate. 15

30. The method of claim 29, further compriging conditioning the first sensor signal and
the second sensor signal before the step of computing the first ninety degree phase shift
and the second ninety degree phase shift, '

31. The method of claim 29, further comprising computing a phase difference from the
first sensor signal, the first ninety degree phase shift, and the second sensor signal or
computing the phase difference from the first sensor signal, the second sensor signal,
and the second ninety degree phase shift.

32. The method of claim 29, further comprising computing the first ninety degree phase
shift and the second ninety degree phase shift using a Hilbert transform.
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34. The nethod of claim33, further conprising
conditioning the first sensor signal and the second
sensor signal before the step of conputing the first
ni nety degree phase shift and the second ninety
degree phase shift. 20 35. The nethod of claim 33,
further conprising conputing the first ninety degree
phase shift and the second ninety degree phase shift
using a Hilbert transform 30
33. A method for processing sensor signals in a flow meter, the method comprising
receiving a first sensor signal and a second sensor signal, with the method being
characterized by:
generating & first ninety degree phase shift from the first sensor signal and
generating a second ninety degree phase shift from the second sensor signal;
computing a frequency from the first sensor signal and the first ninety degree
phase shift or computing the frequency from the second sensor signal and the second
ninety degree phase shift;
computing a phase difference from the first sensor signal, the first ninety degree
phase shift, and the second sensor signal or computing the phase difference from the
first sensor signal, the second sensor signal, and the second ninety degree phase shift;
and
computing one or more of a mass flow rate, a density, or a volume flow rate,

34. The method of claim 33, further comprising conditioning the first sensor signal and
the second sensor signal before the step of computing the first ninety degree phase shift

and the second ninety degree phase shift.

35. The method of claim 33, further comprising computing the first ninety degree phase
shift and the second ninety degree phase shift using a Hilbert transform,
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