ANALOG TO- DI A TAL CONVERSI ON STAGE AND PHASE SYNCHRONI ZATI ON METHOD FOR

DI TIZI NG TWO OR MORE ANALOG SI GNALS Background of the Invention 1. Field
of the | rwernbiame41 The present invention rel ates toPamaiSogooes9di git al
converters (ADCs), and nore particularly, to phase synchronization between
mul tiple ADCs. 2, t he Praobl em I bratin uit sensors,
such as Corioli é%&%@f@f@ltA&@%ﬁMf?@ EEXSCSE mgﬂgg pically
operate by dRGEHIORIZAITAN MEYHOBOR BRIFEIZING A WePORMORE, | ovi ng
material. Properties associated wwth the materral in the conduit, such as
mass flow, density and the |ike ANAL®E SI€IANSed by processing
measurenment signals received fromnotion transducers associated with the
conduit. The vibration nodes of the vibrating material-filled system
generally are affected by the (rrmi n S i.f f ness and danpi ng
characteristics of the cont ai]rgli%nk 8"0@@19??&%%‘% rtllgnmat erial contained
therein. ;. Field ofthyRivedororiolis mass flowreter includes one or nore

conduits that are connected inline in a pipeline or other transport system
and convey matErd preseng iyentibh nélates tadnalog-esdigatalit@iverists (Ad2Ce)hand inkes i n

t he system .Eac ondui t be vi ewed as having et of natural vibration
odes. | HEFUTG Ao PrEe BT EonalpE e bR mgtP R Br3nar ' v adi al - and

coupl ed nodes. In a typical Coriolis mass fl ow neasurenent application, a
conduit is excited in one or nore vibration nodes as a material flows

t hr ough theStoemdur bf thatttobferi on of the conduit is neasured at points spaced
along the conduit. Excitation is typically. provided by an actuator, e.g.,
an el ect r omechabf g PdiE sensopt RuEtasCodpliemas Qwﬁgﬂﬂaﬁ@ra&%t
perturbs it WDl i : : TR :
determ ne&of g%;t/&ﬁrrgtg%séﬂhﬂﬁ%@l ﬁg&ggﬁg? e{)e?ﬁ%%ggbgog{?) ? ? e\{lié%\({:yrelé %glg(é weerallp(?roo t?l(r)l%s at

t he transgdie®ing rag@tibloMroperties associated with the material in the conduit, such as mass

flow, density and the like, can be determined by processing measurement signals
received from motion transducers associated with the conduit. The vibration modes of
the vibrating material-filled system generally are affected by the combined mass,
stiffness and damping characteristics of the containing conduit and the material
contained therein.

A typical Coriolis mass flowmeter includes one or more conduits that are
connected inline in a pipeline or other transport system and convey material, e.g., fluids,
slurries, emulsions, and the like, in the system. Each conduit may be viewed as having a
set of natural vibration modes, including for example, simple bending, torsional, radial,
and coupled modes. In a typical Coriolis mass flow measurement application, a conduit
is excited in one or more vibration modes as a material flows through the conduit, and
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
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Two such transducers (or pickoff sensors) are typically enployed in order
to nmeasure a vibrational response of the flow conduit or conduits, and are
t ypi cal | ywbaoettedb4at positi ons upstream and downstream @CTiuseolaosasat or. The
two pickoff sensors are connected to electronic instrunentation. The

instrunentation receives signals fromthe two pickoff sensars and processes
the si gndlo8nPHeyelPc g g}sgweataﬁlags T%Fdww%tﬁ%m@%wlgn%gwgp Bcher
things iy, pi&&?ff?érﬁ%&findair §b%fkis th¥ E’fgrﬂgfs!iﬂ of RS 4 ééﬁﬁ‘sé’g{)%'rﬁ& anal og

signals that are generate e vibrations as picked up by pickoff sensor
coi | s. Theeansdnoehtpimgf dthei irgdss are subsequently converted into digital
signals for processing.. FIG 1 shows a prior art analog-to-digital
converter ( ADc’ijheeﬁlﬁlaﬁg sigapls tYRieally cynpiasa me{velying peglog méal%élﬂqt ¢ ckof f

signal geperated by the |.eft_ pi.ckoff (LPO) s fed into fir A nd the
iont ot CRBPRNEf by IRl P B d b e hSebiflicp T ol “hURk sRROL e
into a segantk AGubdeaabntAorfletibd I8 didtal SBASK bV FroadRimy signal and
outputs a corresponding digitized pickoff signal to a processor or other
circuitry for Klrtirbowpragems artregal ogeto-dighalglonyergerdAddesarangeownt topri se
determ ni ng.a. phase di fference.be en .t he pjckof SO i | s eto
the Corf dritisTiffaamete. diidet gioey Sec sean ok Beea oo aseliPPRN Tsfiass
flow rat gnfdy AHIA DO End RIS eht pickoff dighdl fRR¥IaRNSHy m@&igﬁﬂgicﬁbﬁﬁﬁp@)fsaﬁg&nces

i ntroduced by the two ADCs W I'l be s%en y the processor and wl |l

negat i veliy faf fnéxd secomd ’sDE| diach #t[eC rigasmeseanmenpectivhanplogsezndt afdd oypnfsar mance

f ADC i s inh t.init ign. Th h drift  of. Al b

O el oo Btss S el A PC,can be
EMC eff h | t h i tent,
S PP S B LR ISR DB A

avai | abl evetwedn thopixkveNiensal digthlad@odate CoRITPE eskatg A phawrhiiffatehodican be
coder - decoder. A codec contains two ADCs on the sane silicon die, along
wi th di giused tq éetaraingg raevilny ete thrpagisthe mgteh t hese conponents typically

bei ng designed,to. work in the audio.range.(l.e. t .frequ i_es. t o about
20, 000 1o ° ot oA il Oy R AR e Bl GR SRS SR o

anal 0g- t ayydihgiptedes&RAWE 119 MR a FB&SEM S| I & @416 BndaSurcARAL. t BRE phAS

di fferent "manuf acturers have different construction processes which can
resul t i nirfepgrictiniadnee ehan pHAS es pbefeot maitrcdesighd dTe pheat dyift afedetPCarap be

desi gned LR MK I, L0E U0, NErL Mhere STl phsse SLILerErges are
spect oA o . Y3 oG Al L e oy LT
drift perdratihamresoat. any point. This puts a user in the position of having
to keep checki Cl?ogm;[ng?cigl?yagr?d rderaidifl;[l axeaeilrafb(ljer irsT%ncCo%iponent called a codec, comprising a

combination coder-decoder. A codec contains two ADCs on the same silicon die, along

with digital-to-analog converters (DACs), with these components typically being

designed to work in the audio range (i.e., at frequencies up to about 20,000 Hz). It is

difficult to find a suitable codec for dual channel analog-to-digital conversion where

phase difference is important, as different manufacturers have different construction

processes which can result in very different phase performance. Additionally, codecs

are designed to work in the audio world, where small phase differences are acceptable.

Therefore, commercially available codecs do not have any phase specifications available

for use in Coriolis flow meter design. Further, since the phase drift is not specified,

manufacturer can change the phase drift performance at any point. This puts a user in

the position of having to keep checking the phase drift performance.
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Aspects of the Invention I n one aspect of the invention, an

anal og-to-digital conversion (ADC) stage for digitizing two or nore anal og
si gnal s cwopni2ee1t hree or nmore ADCs configured to rec®Craskéle/ o694 or nore
anal og signals, generate a first digitized signal froma first anal og
signal of the two or nore anal og signals, generate at |east a second
digitized signal fromat |east a second anal og signal of the two or nore

anal og signals to create two orA@Q{% ﬂ*tﬁkﬁh?&ﬂw’*ﬂ ghal s, and generate one or
nore redundant digitized signals'fromthe two or nore analog signals, with

the one or noria ohedspetant thei igiéritivadas hgalag-so-deditag coereesiah eADEYBsigarfbt al |y
in parallel wth the two or nore digitized signals; a processing device
coupl ed tHSItIFEIL HiOsQY 1BPIeABROSATEIRIS CRIppriteRe processi ng device configured to

h dr.if f hase dif f - dund
gt zed st gnieeat s AES syt BB REASREGY SR o RE R ER RS "

correspondi ng di gi tdeaBhtSA ﬂBﬁ'djglfizéd'@ﬁﬁM@fr&ﬁ aﬁﬁét@arﬁidghstigﬂeﬁ@f&ieﬁw(% and
conpensate the corresponding digitized signal using the one or nore phase
drift val ues. m@reetng lagllignals, lgengratesas lehst & seopal wegitigedyogealdrand at

substantially concurrentl ith the t r more digitized.signals.
Preferably, two or v Sprradkanaiqe vievlogtte douoigang el etk Giteae o
concurrent |y wi th (e dio@diBmE&I QiBhik] FRciehbARabS: o more efL&LAE DI Y, ¢ he

two or nore anal og signals conprise a |left anal og pi ckoff signal and a

ri ght anal og pi ckofdigisizgdh silgngle fismatiedwayoranvictamatogr sygridl Qwrittetherone or
Preferably, the two or re anal og signals conprise | eft anal.og pickoff
signal and a right BAEITeeuRlaakdeitizedsignalsaies gensgats Slab%%%aﬁm Maﬂlsﬁ

nmeter, with the pr qgﬁﬁﬂjegg,fogcﬁv%grt%e#%lﬁggdE-@galts;wo or nore digitized signals

and the phase drift va ning-one’ or nore flow characteristics

of a flow mat erpdkessing devideradupledhb yhe thig: érvwaor ADOKewahah®©grose@nal S
conprise a left anal og pickoff signal and a right anal og pickoff signal
generated by a Coridsivics apasigureddovgaeerate a pliase dilfevahicoitedsd plpsedifferendgsi ng

(e Lo o Tore o1 S A6t Rl el e ALt 0 ore
digitized signals and a corresponding digitized signal of the two or more
digitized signals and compensate the corresponding digitized signal using
the one or more phase drift values.

Preferably, the phase drift value is generated substantially concurrently with the
two or more digitized signals.

Preferably, two or more phase drift values are generated substantially
concurrently with the two or more digitized signals.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a vibratory flow meter.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a vibratory flow meter, with the
processing device using the two or more digitized signals and the phase drift value for
determining one or more flow characteristics of a flow material.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a Coriolis mass flow meter, with the

processing device using the two or more digitized signals and the drift value for

determining one or more flow characteristics of a flow material.
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Preferably, the one or nore redundant digitized signals are generated from
one or nore fixed predeterm ned anal og signals of the two or nore anal og
signal s. wo2012/@s®fier ably, the one or nore redundant di gcriusedoduemal s are
cyclically generated fromanong the two or nore anal og signals.

Preferably, the or_nore anal og signals conprise a left analo i ckof f
signal and a rl?rsf?f%, BB PERWIE 9%%1153% dygities %léﬂalﬁereagw&t%ff %P& e
meter, w generabd . . RIREAN o Bald i gnal s,
generat i nﬁglglrtehe gﬁgé%&%rlﬁl fgd iglrgkﬁ%‘%,glgg%%%ggrrpensatl ﬂgg %ﬁﬂedgisg ragés'pondi ng
digitized sigrakfekablyhthe oaeopnicserglaneasiratdigicized sigaalndandycticgiyt gartatbef t

pi ckof f signal fromthe | eft anal og pickoff signal, generating a redundant
di gi ti zedromgmongitbk 679 os Mgrarnalegmehnle ri ght anal og pi ckoff signal,

i |.ef if | f | ef h i f.f
Oreurti 10,0 Mikker a8 b of pt Wbl S Rls sk RS DS BEART BN
signal , ggaerdsitR@aRgpiedff fBAsiecdbiatdd tad UdritoBMTIawhebt, walinseetdtinfer ence

between the digitized right pickoff signal and the redundant digitized
ri ght pi dhobhe of mosd reduoaps degitizedysigads,| geheratingithd plede driginalluaisndg the | eft

Filant phaoumiptiie A Gefespona i eferdpiehs kst i s ifiaog of gnal s
conpri se @dhffaht &i%ﬁﬁié& 18ft ?)i‘c‘%?f s%%rgﬂ' Hon? N 181t rath'B? p%k%lfpﬁglﬁ’dlggé?f&ar%frgg{'al

generated by a vibratory flow neter, with generating the one or
r edundantredingiant digttized gt pickgéisegrad ifrogn theeright asalod pidkofivagne, gamchting

conpensating the correspondin igitized signal further conprising

gener at i rig'® nhééﬁﬁrdéw@ﬁ@ifgqmiagég pﬁé@f@tcﬁ tRE$ peiayesRdne llggf’ﬁegﬁ%tlt Pikpfanal og
pi ckof f si ' A efit ] l.ue: fraor

G 11 or encit b pnd RIERARGARIM AL 1 ARTAE AT, ARNTb O b P33

di gi ti zedrérafatrighit pkadd disfegsnat bewarnens digitigdtrdiht bikoffigidl ad@ehesi gnal  usi ng
the left phase drift value, at a second tinme, generating a redundant

di gi ti zededunglant gigitizstrigit gickoffsvignaltcompengdiingatha lofy digitezedrsignsl gnap that t he
dti ti i ght dri | ue f i.ght. ph
oo RSB e g R e g AR

di gi ti zedyrfft gfiiepi ckoff signal, and at the second tinme, conpensating the
right digitized signal using the right phase drift val ue. ' I n one
aspect of the Rmfesattly ghe teo phawee syalofsignakavimpmispetleibdndlog paikgifidignalg t wo

or nore anal og .si | s.conpr.i ses: enerati a first digitized signal from
a first dndrodeionnie MAhueTiEear i B SNRTHEnGIgNANdes iheseriiing at

| east a Mo (I j : : Lgnal of the
b or e 00 of i {cAGa ARl L] AL, JoRBreling (REAORD ARYAE ShIT:

gener at i ngngrrasaingthe eorreghondmptdigitiged sizad firthoatEnpridng pheeritimy ©r nor e

anal og redundant digitized left pickoff signal from the left analog pickoff signal, generating a
left phase drift value from a left phase difference between the digitized left pickoff
signal and the redundant digitized left pickoff signal, compensating the left digitized
signal using the left phase drift value, at a second time, generating a redundant digitized
right pickoff signal from the right analog pickoff signal, at the second time, generating a
right phase drift value from a right phase difference between the digitized right pickoff
signal and the redundant digitized right pickoff signal, and at the second time,
compensating the right digitized signal using the right phase drift value.

In one aspect of the invention, a phase synchronization method for digitizing two

or more analog signals comprises:



signals, with the one or nore redundant digitized signals being generated
substantially in parallel with the two or nore digitized signals;

gener at i lyoaopmswidri ft val ue froma phase difference pemnusenoadeedundant
digitized signal of the one or nore redundant digitized signals and a
corresponding digitized signal of. the two or nore digitized signals; and
conpensat i ng tgﬁ%@g@&rlgésfgéﬁggﬁgegisg%n@f%@@ asﬁrjcfﬁanﬂala%ﬁ ak@éﬁﬁﬁ\a@ I H10rF t

val ue. Preferably, @gﬁ)ﬁﬁg’ﬁ% %{Ddr %éng}’a%ln Gt sBEE&roﬁg%?giﬁH&ﬁéig?&é}fgdrdéﬁf v, two

concurrently with t or I githzed signa

or nore phase drif tlemabhyesomirahafRnegadl od tieudhsi @anhorl dngiloposignals endreytewt t h
the two or nore digitized signals. . Preferably, the two or nore anal og
signals conprise a I™efqr %W&I(’g@ltliéﬁ“tkl@ﬂqﬂ&si gnal and a right anal og pickoff

si gnal generate% e he. t

by. a vi QW TRLEL, ;- ,
e el oo o ileibting ot BF G Yodunfh b Blred sigpals AOLF LRLAR bR HE. 1

anal og pi ckof f si gngénagkeRaHAHE @nbYr ote BERInAAM dibieivedEiRils bdinibchbited
processing device using the two or nore digitized signals and the phase
drift value for detssbstaniially ormaradiel mothetht itgovoe mnradignictdsigralsf a f1 ow
material. generating a phase drift value from a phase difference between a redundant
digitized signal of the one or more redundant digitized signals and a
corresponding digitized signal of the two or more digitized signals; and
compensating the corresponding digitized signal using the phase drift value.

Preferably, the phase drift value is generated substantially concurrently with the
two or more digitized signals.

Preferably, two or more phase drift values are generated substantially
concurrently with the two or more digitized signals.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a vibratory flow meter.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a vibratory flow meter, with the
processing device using the two or more digitized signals and the phase drift value for
determining one or more flow characteristics of a flow material.

Preferably, the two or more analog signals comprise a left analog pickoff signal
and a right analog pickoff signal generated by a Coriolis mass flow meter, with the
processing device using the two or more digitized signals and the drift value for
determining one or more flow characteristics of a flow material.

Preferably, the one or more redundant digitized signals are generated from one or
more fixed predetermined analog signals of the two or more analog signals.

Preferably, the one or more redundant digitized signals are cyclically generated
from among the two or more analog signals.

Preferably, the two or more analog signals comprise a left analog pickoff signal

and a right analog pickoff signal generated by a vibratory flow meter, with generating

the one or more redundant digitized signals, generating the phase drift value, and
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Preferably, the two or nore anal og signals conprise a |left anal og pickoff
signal and a right anal og pickoff signal generated by a Coriolis mass flow
meter, wwb20t2p40cessi ng devi ce using the two or norePdiTgiseéinmasoss gnal s
and the drift value for determ' ni ng one or nore flow characteristics of a
flow material. Pref Er ably e or re fEv}étgundant digitized signals are
gener at eFOMRSHFBHE ¢ ?C%P%’OP SPé %lrtlé%ﬁlépﬁln CLENRIECHGRATELSH the two or

nor € anal@@ut?dagpailggtﬁeﬁrl% [k ég#ah?ro%"ﬁle(%ft%ﬁl%g %’Hj ng't'ald e}’dtél%da.

signals are cyc y ge erate rom anong t sl gnal s.

Pr ef er ablrgdutidaat dipixized ripghtt @ickoél sdghas fignatie righmnaleg pacldoéﬁ digeal ag @@ rapingk of f
signal and a right anal o% pi ckof f si gnal generated by a vibratory flow
meter, wialfighage diiftvgluerieors adels phatsrefferaan beneenithy digitizgddefynidkeft

ceer ol SRSl B B BTG SR GO SR R0 Vi,

pi ckof f  stk@alright pAhdc @ ffefinte BORIRE thd @1|gﬁlizfed$@1@§ Okoﬁesng{a%h@ﬁhea redundant
digitized right pickoff signal fromthe right anal og pickoff signal,

gener at i rrgd@ndaef digitivadaight pickotfigral faoomeasatisfe the hefs digitiedeigmat ssibgtheen
the digit t. pickoff, si and.t he dund digitized. Ief |ckoff
Si'gnal * gefeRaar S g gt ney it S e e fhtueRaeRer ence
bet ween t({}ﬁ‘tdéﬂg_btl zed right pickoff signal and the redundant d| gi t| zed
right pickoff signal, conmpensating the left digitized signal using the left
phase drift vd?m&;ra‘tﬂyn,dhe@npens&tre agalbfeignalyongirge hilei dnabgpadkotisiigaplt he

right phase dri ft val ue. Prefera , the t nore .anal og signals
conpri se @Jjagghtanal Osglﬁiocf&%igpalﬁeaﬁréredf\%a Xibyratg mﬁawanfefsr  PYIEKSRCT NN a|

gener at ednh?)ﬂn@ i d@fe%ﬁXd%dt%Y%@éd%l t#ﬁ%ﬂﬁg %;Iaﬁfo\{]ﬁuéjﬁnﬁmr €

r edundant d|g| eher ar ing ue, and

conpensatdoigpchhingthe espespdnmedii %ﬂtﬂzbd ignsl mﬁabr édm]]mmg gepiitirgd 09
generating a redundant digitized ickoff signal fromthe left anal og

pi ckof f s”ﬁ@lmant diatiegedtl et gickoffetignah fﬁr@@éﬂwlﬁfttan@l@g@écwmg@all gtmerqéﬁwe

di fference d, | ef |cko f. si and ant
i g b1 sedenereit T Sl &T RS iaBiefig bomBhR BR o gRel %Pﬁ usi ng
the left sﬁ’é’rﬁtffﬁndjfﬂefﬁedl\(@da'ﬂ@dlg@t‘ize@ 1@%@%&91@@1 aﬁwnaaﬁ@tha 1&1@6 !
digitized right pickoff signal fromthe right anal og pickoff si gnal at the
second t isn@mal gengrtlat ]er&g)lam dlgfttvabh?astaa shcofid tivad, gendratomg arerdugﬂantmag;lsleed

t he redundant

di fference  bet |t|z aof f _si
i g1 41 3 od GHCE RN A10uT gl ot ORI EheeT SEets 7 e OnE GHe SSAFAHEE Ehe

{ IhghtDr di Q‘in%ﬂt PBE S %lu%' $oda ¥kt phARUIAORRE Blthvicbn WR HEii DB ight PckofF Of

signal and the redundant digitized right pickoff signal, and at the second time,
compensating the right digitized signal using the right phase drift value.

Description of the Drawings

FIG. 1 shows a prior art analog-to-digital converter (ADC) arrangement for a
Coriolis flow meter.

FIG. 2 shows a Coriolis flow meter comprising a meter assembly and meter
electronics.

FIG. 3 shows an analog-to-digital conversion (ADC) stage according to an
embodiment of the invention.

FIG. 4 is a flowchart of a phase synchronization method for digitizing two or

more analog signals according to the invention.



FIG 1 shows a prior art anal og-to-digital converter (ADC) arrangenent for
a Coriolis flow neter. FIG 2 shows a Coriolis flow neter conprising
a neter aweentozemmd neter el ectronics. FI G 3 shoes/tsn010/046914

anal og-to-digital conversion (ADC) stage according to an enbodi nent of the
I nventi on. Fl 41is fl owchart of hase synchroni zati on net hod
for digitizinde sgpwwpéﬁﬁaoaﬁer§soaﬁéag§ Baéﬁﬁgéy%e&sw GONIHEALIOR. 18

FIG 5 s@gpﬁx%-t@tg; conversi on stage where a first conversion configuration
is set by swtches. FIG 6 shows the ADC conversion stage wherein the

sw t ches have Hi€e6 sbbargedADMooeesion athgs whbimthersvwhitches baaniskea cheggsad
conversion configuration is set. FIG 7 shows the ADC stage according to
anot her dreyBdhariaies showm i Fiyehtibhseqopdcogvarensopiguaipd i stént of FIG 7

but with thr eeFI@f%lsﬁgwis rﬁ?eukﬁd g‘t?léee g&:o?ciing to another embodiment of the invention.

FIG. 8 shows the embodiment of FIG. 7 but with three analog inputs instead of

FIG. 9 shows the ADC stage according to another embodiment of the invention.
FIG. 10 shows the ADC stage of FIG. 9 when operated in a cyclic manner over

four discrete time periods.

Detailed Description of the Invention

FIGS. 1-10 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. 2 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. A Coriolis flow meter structure is described, although it is apparent
to those skilled in the art that the present invention could be practiced as a vibrating tube
densitometer.

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 180, temperature sensor 190, and a pair of velocity (pickoff) 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
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t wo. FIG 9 shows the ADC stage according to another enbodi nent of the
invention. FIG 10 shows the ADC stage of FIG 9 when operated in a cyclic
manner oOWEO 2houmediiscrete tinme periods. Detail ed Descri pCirams2ab/otdyes

| nventi on FIGS. 1-10 and the follow ng description depict specific

exanples to teach th killed j the art h to make and use.the_ best
m)gdgp of tm%cksrﬂ%rﬂ“ﬂo@.%ﬁfolfa{”t‘?’} espﬁop@g’el-’g}‘ %?ré(ﬁévtrﬁwr?gsymﬁ%tﬁncwéciﬁq%@mges,
S haC ar LA 1RR o RPRE T SRANE pRRER HEARIOLE B IEn ) Bréct bR PRFaRK )4 5], |0

scope of sehe torde@nt itlaxid Moaed $Kiabbetdwhichtcheh 8oty tuwbé bsdlppeeci ate that the
features descri bed bel ow can in various ways to formmultiple

b nbi ned

variati ons of Thﬁesid%lﬁ'@ﬁtlﬁbn1.31A§n<§?$4elslgﬁ't0,f ﬂ%’étlﬂh?&éﬁpia@% 139" gredixedlyi t ed to
th i fi | d i.h | t onl Y hej
Lo ooy oritabn T B TRLF SSRGTRR IO Y0 S | R0kt B BBkl W Whn e b3l .,

assenbl y JHdckhitonmidifolgd s sl 93, 28is Yol Rles agsetiilons st sReasls (B)Taﬂl Mass
flowrate and density of a process material. Meter electronics 20 is

connect edhramghdéiasrolisgeetabisgernblyi® | eads 100 to provide density, mass flow
rate, and te ature infarnmatian over th 26 wel | as other .

ot of mat 1 on. AVERH s KRGeAEoRAESs BRN 0% Paa FBRER pulieet Vodglt ¢ i s
appar ent 4,9 110008 ciilet bRA1047 1ktHE féées& &t (ﬁ&%h%ﬁﬁgﬂﬁictﬂ d&Yr‘i‘é&tthQﬁ}r&%k% d be
practiced as a vibrating tube densitoneter. ter assenbly 10 i ncl udes

a pair ofmatenalthhidis btb@ rmembuidsl) matdrizdegess &1 Ginaf the Jetdratroughfahamgeenecks
110 and 110'. lffagpair of parallel flow tubes £q30 and_130', drive nechani sm

180, t enpéHdnflaszedfd and sorpndueigd shrgueh menifold Y toyflgwitdiegneyntingnalgels 170L

and 170R. {5 HlQw: ngy130" t ial:l oy ' inlet |egs
131 and 1 '}ﬁ\g}lﬁdo’u %ﬁfrif%c% qlzgggm}glgl rg%@@y(%\/\ﬁ?zﬁﬂ%ﬂéﬁ\}éeylgvz&e[dgdv{g%g{egach ot her
at flow tthheighdlow tubgs 180 ask$30:2 U pdncx1t2dl flowltobest IBoemd1I30', aneprbdfss bend at

two symmetrical |ocations along their length and are essentially parallel
t hr oughounateral is reconghined Bragaglsatreamapitindnanld 489 \padtpthgegafigerauied axi s W

R T B T L A I
nmount i ng bl ockgoW2Qb&Ns 0l 130N ghetBRSRAUNAGEBropriatdly itbundddeofth& B8wtube
attached to mani folds 150 and 150'. This provides a continuous closed
mat eri al rpatritingtrlodghl 20mridol 205s avest wrhaas sebdtantiallg.the same mass distribution,
moments of inertia and Young's modulus about bending axes W--W and W'--W',
respectively. These bending axes go through brace bars 140 and 140". Inasmuch as the
Young's modulus of the flow tubes change with temperature, and this change affects the
calculation of flow and density, resistive temperature detector (RTD) 190 is mounted to
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
RTD is used in a well known method by meter electronics 20 to compensate for the
change in elastic modulus of flow tubes 130 and 130' due to any changes in flow tube
temperature. The RTD is connected to meter electronics 20 by lead 195.
Both flow tubes 130 and 130' are driven by driver 180 in opposite directions
about their respective bending axes W and W' at what is termed the first out-of-phase

bending mode of the flow meter. This drive mechanism 180 may comprise any one of

many well known arrangements, such as a magnet mounted to flow tube 130" and an
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When flanges 103 and 103" having holes 102 and 102' are connected, via
inlet end 104 and outlet end 104" into a process |line (not shown) which
carries twe?2prxeesis nmaterial that is being neasured, naPeTiEdRoeNIGIS end
104 of the meter through an orifice 101 in flange 103 and is conducted

through manifold 150 to fl ow tube unt | bl ock 120 having a surface 121.
Wt hi n mePPying cg @?Otmﬁ%J ineleviulte {0 andAPeuharbicr ne aﬂ@ﬁggﬁaﬁemuﬁw t ubes
130 and : { Lk b 1t . terial is
reconbi ndioiog RSt b onPHlebyDRS R e el K PIEA B SRR | Sut g
to exit edebtoddes 200Riaclesidds fyo idrias peechOIsmt 80t he process |i ne. Fl ow

t ubes 130 and 130" are sel ected and aﬁﬁyopriately mounted to the flow tube
nount i ng bl ockdetepelestaniesd0 regsives thoRAR empgrivigiignl 0y 1eadel Waahd theiss

di stri butyign nt.s .of dnerti nd Young! du ut. bendi Xes
oW and o gy P R b5 bRERE OB ST A SRtk I a8 s 1a0
and 140" .cl¢dtaniadcly @odadte thodnge ﬁgﬁﬂfhgbké@firf%‘ ort RAd 188\ HEDE Sleattan YO Whd h
tenperature, and this change affects the cal culation of flow and density,
resi sti vevibrappebes Ud®antbt HEt det¢RiS)randd 3Gsprecessesthetloft thdwghubpdodig0' to
conti nuously. ne r e.tenperature.of the flow tube. The t. rature of
Che. 11 ow SEIR SahUTe RS 8 e AL OT e BB Ea TG TG POLST (RRRY Bbifca gf ven
current Hﬁa’?t%ﬁ&lgpe{sﬁ%?%ﬁ%gh'%teﬂa%s&HM‘grl'@,eQmQM biRr EARE Bk N ifoRhatifiE

mat eri al passing through™the flow tube. The %enperature dependent vol t age
appear i nqlacy wih other iFbBnh8ony Sedpplredebywakbter kleowonioe 26 ostelpyatir@der

el ectronics 20 to _conpensate for the change in e]lastic npdul us of flow
tubes 130 and FI§03 s§Aws A8 B ELAigEd cPRVETPIgN (e stageptlacsPrdingipeaRTD | s
connect e - L CS : 130 and
130" are é@?&@%gﬁ§ﬁﬁb?§é%ﬁqg% Fﬁgégﬁgéﬁgg3@??%%%?%mg§g%§ﬂ%b?%%ﬁp?ﬁgépective
bendi ng axesr YitatachiWW 2@in whad cimbodigiomed Rdrexhmpid, tIRuUA DTS stpfase &endi ng node
of the flow neter. This drive nmechanism 180 nmay conprise any one of many
wel | knowaceiye evudiente analog snmtis, syckhasagtle apilag perkod sonsey sigieds, 280" and an
opposi ng c%j} nnuntgddtg.flo$/t?b%?l§$ and t hrough which an alternating
current is Bé’(‘%eslél& {Ro¥ {ﬁtﬁ%egtsl HOER T18w t ubes. A suitable drive si gnal is

appl i ed by metgfe RDECith@M®PBindfe ciibddlne@l sA&on chpeikéy L fifR ahA0:-30d18 k]
Meter el ectronics 20 receives the RTD tenperature signal on |lead 195 and

the | eft candentérdMDWEI®K iatspcaidgphBI(s3Cppednaithigd AT 88ds The Shreard 6303,

respectivgly. r electronics 20 produce he drive signal. a aring on

| oan 185 15" rq Y07 BeciBRIcd86 MRV daY B¢ Sabed heseoang Sgvict RED gph

el ectroni r : i : i i ; RTD
c%%g%%el% &Qlﬁcg%ﬁg%lilgg)if helettighd gﬁ%s%kﬁlffg heChithesh gggia? ﬁ%ﬂgls LAg

signal to conpute t ow rate or the density materi a
passi ng tdenotaghg rgthase dist €otphasd djffaeomoey velubeherebétngsn. The pracefsdmgmat i on,
along with other information, is applied by nmeter el ectronics 20 over path
26. devise 330998 \weMIKISE ALIBECE SRUBPYIMAPT BNIUPRISH PABEY 08 pAYEC300
accordin I . i i ; conpri se
a conpongﬁé&ggﬂvﬁggﬁg%gﬁﬂéPg% %%ﬁ?gg%gghkgngﬁggéﬁﬁgﬁghgggggg 8§%g§anple,

the ADC sjoagsisdQdy ¢latice @€ eubaevivé tHapben anatmi@ieiandtsdiffuaitedstwednt i pl e
anal og pi ckoff sensor signals, and generate nmultiple digitized signals

t her ef r orfignals. The ADC stage 300 in the enbodi ment shown conprises a first

el oG o O BB Sha ARk 397 4P SR o ARk LB bl S
330. The prpcaish it AN 58kABPRPONGROPI THHE ufind QWiiteBeCHPAR 3 0f indRE ecting a
phase difference between digital signals and generating a phase drift (or

phase di fdebasinment shaivne heaavalpbend2hand B22 preoxpesgedity chewmiecieh8BFP QAL
conprise a djstinc 0 nent or._can. conpris portion of another
processor? Fhﬁgbgﬁtﬂﬁ}gﬁﬁﬁt@ﬁ@‘ﬂ%@%soéfggtW%ﬁ?@% 20. The processing device
i 11 r ence bet poan i GG OL: S, 4R 67 ot ARG LM ShoTyB 1A Tfore
coupl ed tamatdassigredy, ephakefd fifst BQitisensgral Fo0ia finct analokheymal ghthepivokof f

(RPO) sensor 170R using switches 321 and 322 in the enbodi nrent shown. The
swi t ches 8O aAlPLIPNy, gcnprateaat depst & seaond cigitizedbsipme floppat keast a yweombo 170R

to the t harn%faogpé%gci‘%al %9?}16 t%v()oSOr I%Qr% a%9d70'g signals to create two or more digitized signals,
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The three or nore ADCs 303, 305, 307 are configured to receive the tw or
nore anal og signals, generate a first digitized signal froma first anal og
si gnal ofwoOhe1zozw4or nore anal og signals, generate at | eastusarvdsemd
digitized signal fromat |east a second anal og signal of the two or nore
anal og signals to create two or nore. digitized sigpals, and generate one
or nore rBGESESREC AR MO Cdyfiaat dizitizsi ey © AP & H1Pa¢ %@ﬂeg gnal s.
The one q¢ dan LGt A - Sk 3 tially in
paral ol TR PAe A Rbre oo o3 4030 ] o SERGH AL ORHAT, e 330
i s confi qarstt] wathohsewatoe ndorpldasezddr difhaly alwepfoceswirg dhase3 3 kfcenfipoed

bet ween a redundant digitized signal of the one or nore redundant digitized
si gnal s dA&cRCIAtra Risgse Hailtples Gpe azrlpssidififereness batween ucdsindarsrdigigized ti zed
signals. The cessing device 330..i 5. confi gur tQ e e.th
corr es porit LG AR b s hiRg VP RS HREIRE A0 ves.

In some %E%tfaqibﬂﬂiéttﬁlo driifoRNBgifize dBibAalk € TUB Pedtes dth @ dbViee 936 ismalfiguridao
generated fromone or nore fixed predeterm ned anal og signals of the two or

nmor e anal@gpsinsgialhis (smspedbs; digitzedrdgnah esiag donrpangi mgraphssedsitonjuesAs a

result, the phase drift value js generated suhstantially concurrently wth
he two or oD sarG T ouliRetS bF oRE AF PR Oy e HEcbHnEr Hof @ indant
di gi ti zedysh@nrlos nfr8 fx¥e bi&RldoniQNBhAILdod 00T AIRRY otrlﬂﬁ‘orE‘Qtﬁal‘B% STIRGaR
anal og signals (see FIG 10 and the acconpanying discussion). In this

enbodi nmer(sge FMaS. 38 and eheplrasmpdnyifig disahsseon)neys beesglertbe phaet difbsilaats al |y
tl ith the t digitized si | s.. . o

enbodi moreatrates NG e ERENS 8B G &S OBBHBS Heitzed \igalinal g pi ckof

meter 5 dn P 8he8: MofsRina ARk RE SLANS St Aol RSN b ¢

and the piwesey tHeithbd oy alote ahalbg dihelsibed NG, dvendrtheé@dnipavwinghdisastion). st i cs
of a flow material. In sone enbodi nents, the vibratory flow neter 5

conpr i sednghiggnbeidigeniatyo o1 Beraphase dgft vehecsaary b Benareted sphsévutistlyer 5
generates_a nms fl%vtrate rreasurtﬁggnt fromthe two or nore digitized

signal s, SRAEY'EY lthé t wfﬂorn%l%e foif%g&la fgnals are received fromtwo or

nore pi ckof f gaRSAcmbodiments] e téolo ndork hANBPAIdnaROnYrise aNBASRalog _
synchroni zati on nmethod for digitizing two or nore anal og signals according

to the i muemiff signallandst mght4@alogei¢kafEsigaalgieneragad sy gmibratosy Jewenetted from a
first anaglog signal of the two or nore anal og. signals In step 402,

at Teast HRSUBERANG YHem e wicya Y OyBAE diBistred pgmalsanddhe phateditbnd

anal og si 1 I i t, or nore
digiti zed\glgl?é gfr?glfdggegf?gﬁ@ggg% Oeggofet ﬂs ocg?rg% Eegﬁﬁ}%\%%frftﬁgg fﬁﬁg%ﬂ' r%ﬁstegﬁltehan t wo
anal og sigmaddments, the vibrgiory fled, mdep & rdinpgisena Coeiohis mizes flotv me@k 69 Thoput s.

In step 403, one or_nore redundant digitized signals are generated fromthe
two or ndr@idlisaney flawmete S gesraembBRsoilovdagHBeastreamgt fioppthedvgrdl s can

depend Or{n&t%edigitized signals, wherein the two or more digitized signals are received from two
or more pickoff sensors.

FIG. 4 is a flowchart 400 of a phase synchronization method for digitizing two or
more analog signals according to the invention. In step 401, a first digitized signal is
generated from a first analog signal of the two or more analog signals.

In step 402, at least a second digitized signal is generated from at least a second
analog signal of the two or more analog signals. As a result, two or more digitized
signals are created. It should be understood that more than two analog signals can be
digitized, depending on the number of analog inputs.

In step 403, one or more redundant digitized signals are generated from the two

or more analog signals. The number of redundant digitized signals can depend on the
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nunber of avail able ADCs. Further, the nunber of redundant digitized
signals can be a design choice. The one or nore redundant digitized signals
are generwbedizuabstiantially in parallel with the two or poorusS2adiogiddirxed
signals, wherein the one or nDre redundant digitized signals can be
conpared to one or re i zed 5|g al s. st

phase dr iR oG availan %ﬂéﬁeﬂa@éerd? rRidang diciti e e}n el trom

a_phase Qi A@BaR. %revaﬁ%r%g g%ﬁmeﬁt&l i %q Rl Btn 1ol Mo RAIRY TOT €
redundant diTgitized signals an corres 8. grt SI gnasl he two
or nore dhgatdllzedithithaals or oee @igmd@ligrfals V&&iett&n cl&rmrel @ﬁﬁm& rqdandant i cation
of a phase drift of a particular ADC. The phase drift value conprises a
quant i fi cgitiged signals spabe Camﬁltedﬁemeeﬁrrmbombe dgijizedsignglie phase drift

val ue can SubSEANGNIIY »BESE { BB R aXRC R ER ANl T EaPpESE T 1!

val ue can be an ou hap opr| h step 405,

the corr espeReéd 8ol OpHasé @ﬁf&bmadetx@berﬁa redhﬁ@arﬂ'(ﬂglhké’@ﬂ{gﬁélgﬂaﬂle 68d 9
conpared to the redundant digitized signal) is conpensated using the phase

drift valmerte r¥thendanhpigitizetisggnatseandooeprdspendisg dggltlrﬁei pived of tha o aranoee i n
subsequeni. use,or pro ss'n f.the digitized s

enbod: modt ek Slentl na e bt det Vil o ik éctitidiRaen f ﬁab%aq%%e%%undam
si gnal s f&hlé{ﬁé‘r AbPd h&éﬁt&%@ﬁgﬂ'\éﬁé mnmge@a uahfiSHER A ﬁﬂ?@éﬁ the
met hod can generate a redundant digitized |eft pickoff signal from t he |eft
anal og piteketdn svoghBIC dgecst dthe pfhaseedlmfldzahle ahgitbiezjgentty bdhtisepli fok phdsesi gnal
fromthe right anal og off sig generate a |left phase drift, val ue
froma | ePpC aeétlaﬁlfigﬁ%e ¢ duidt WQ%C%@@@W Jedito @ quirit oh AR RBPHOPERGNal and
the redungapt digitized |eft pickoff signal, generate a right phase drift
value froma'right phase difference between the digitized right pickoff

si gnal and thanrseguibactic Gﬁr@sﬁdﬂ(ﬁﬂg tligatite di @lad{ £ e. sthe daditiz&bdipen dirg t he

|l eft digitized signal using t phase drift val ue, and conpensate the
ri ght di giompaset i thasedundpmigliginiacd BJ@H@D pﬁmep%s&tﬁﬂ umlgabe phase driff yalag-her

enbodi rrenéha 0thee tOhodaanrow des ser al reder{r}g ri rh%l sef r use in the
synchr oni SRS HEECan SRR e Bttt Valhe ot Eherate a
redundantprg‘g@gfhgm@hé &%}tlj@uc@@af signal fromthe | eft anal og p| ckoff
signal, generate a left phase drift value froma |left phase difference

bet ween t he d|Iglsprrmeeamboeiﬁmemscﬂhefrmethmcgp@lvumadnmlhplec echstrdintly gagille]l zed | ef t
pi ckof f si , . CO sate .t elef |t|ze sing.the |l eft phase
G Te valtGRBhSRaTS 1 Edb A oG PR &b he iR 8 Fbiog A el
second ti I t i.ght phase
drift valﬂt:}%hgt{irC éﬂs}g:%tgngje??%ﬁ# %pzaea??%h as naé ?‘gﬁ%ﬁféq‘ &lo %een t he
digiti zeq)wkcgﬁtlgpalcgafefrate|agaa1hncmndd1tgl'rt&edetghmga:ﬂtbffd;lglaﬂ ifoed theirgdht apalokof f
signal, and corrpensate the right digitized signal at the second tine using
the rightPipbeizasl geneyaie @éeft Phasc drft gplus feompadett abasmr,ff%r@ﬁ%b%tweﬁn Hicage

300 wher eyl LY fin e@%ﬁ?&ﬁ?r %‘118?211&9@% A%{ngiégtocﬂg é&e& Rt %k&ﬂ% %H?r%t 3¢1 and

322. As a tonsequ irs el ves e an pi ckof f

signal Alrighn @h%‘dﬂfab@l&e tfen dirght paed diffédengd Bdtatetn ﬁie@tﬁ@itlz@- right ﬂ)l@k@ﬂf e
third ADC 307 receives the analog | eft pickoff signal AL and generates the

r edundantsighag ﬂtld thedrefleridanp iligitagerd reghy piakofi signateonepensatd txpelta0sitized ei ves

t he anal o ff si | AR an ener a itized ht

oi okof 1 SregafpathE i anadt ARl vl B¢ P IB0STBkthg reRe ety AhbiMean ¢ hen
be corrpartggﬂiggt%ﬁy@,eqhgg\;dlgeed | eft pickoff signal DL in order to determ ne
phase drift i'n the first ADC 303. The digitized |eft pickoff signal

DL and the di dntqtlz@d’m‘tmdundmatthb efathed prkwfdes selgaiarbdtmdant sgmde farhey imthe bot h
produced from the anal I |ckof uld have an jdenti cal
phase. ﬁé{p@}r@pga gn Hﬁﬁgoéi ?IPfsflgli‘ aher 931“8@ ﬁ] ‘f ??é’s%enteWgSe airi;‘fi‘vt“ﬁ%%td
signal s Rho@ndd R pitkdr saAaNiaR AERITAnR0e mkafﬂsygelamﬁ@ra@erafetﬁ hekwagg the

first A PR’ sé
value from a left phase difference between the digitized left pickoff signal and the

redundant digitized left pickoff signal, compensate the left digitized signal using the left

phase drift value, generate a redundant digitized right pickoff signal at a second time
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The phase difference val ue can be used to perform phase conpensation or

phase adjustnent on the first ADC 303, for exanple. The phase difference
val ue forwohe1diizsstt ADC 303 can be used in subsequent proTasgIYseMherei n
the digitized signal fromthe first ADC 303 can be nodified accordi ng to

o |yt ngi RGN GRLE PR Edet AgUE HALEVaNa ok 3R & HIRiSCOnd fime Ti!
h di f t
niorter G e o RO At PEoReh T ARATIE PR, ﬁi‘%ﬁ%éhe?ﬁ. s

oper at i onreddirtiant digiizeAPghBPRkoffl digrailitadtcontpeneitgi ltﬁel dgd digitivePsighaifai tisd gnal
DL for flow neasurenent and processing. At the sane tine, the second ADC
305 wil | S@m%&lm?hléméltb@flgh"eﬂlatsﬁéﬁt& ek of f signal DR, wherein the
dlgltlzedleft sed 10 cal cul ate vari ous

o the et erTIRE S shod i ARy R8T RabEafE R d T et 2LP vt

shows t heoeuROI0M 8¢ Sdt B tﬁé é’\gﬁclfe@,@2mﬁe_’>29h@xs5é/\&6r%92&n%8 Ithefigst 3}A3CImmge been
changed fromthe states shown in FIG 5 and a second conversion

conf i gur at¢oves the sralog Téfe picko HisighdCA3 0Bd axderates thedigitdzedbdt pokoffeegiale t he

gt pi avor T PRk BC ke Ve b Ry S ARl e & et SiBtuces

a redund I $),9n t tdpisr duces a
e B T

di gi ti zedighehickoiftdgridl Asi gnlagenBlatesAhp ldgszai i glerpeciodt MghaleleeTheen DL and
DL' can be used to.conpepnsate or correct the second A In the

errbodl meredendeat digiired el fIckoResigh Iboﬁ%meg&@scoa”fp@redcf@ﬁbﬁﬁ@ﬂﬂ#@ leftr st ADC

to the s ?ﬂg d: t 0 cond ADC. The two
st eps argf)‘i égﬁl?glt led&Q%i@eﬁ%ﬁnéﬁﬁaste%{fplnhasﬂsg IP? 3Z)g’rrpensatl on can
conpri se t hr eeTky digRized ¢eprkb &R hal Dﬂ@hd@lﬁe dilc@ize@ xedmidanaleet picitoff dipnal
limtation: conpare the first ADC to the third ADC, conpare the first ADC

to the sé@mnanﬁmey@mbmh@m@mééfoem nelagolet o @gnﬁeﬁn,ﬁh@ldd/h@@ arrhe

t hree ste then t er.at e e there ut
three or R EalpbdEnTabRCe bhyse e BEE YDA bR En e P FEEH Seb

AR, AL, ARand BPT waXSHBN 80 am%ﬁﬂt Stetakivt %h&@%ﬁe%&@%n tﬁé‘ﬁ‘rs'ﬁ At 8O3 and hat
many corrbl nations of ADCs and outputs isS possible. It should be understood
t hat not th@BerOQSALIDCé%OI’TbI nat| ons are necessary in order to nonitor phase
drift in a set_of thr est . al gorlth woul d be to use one of

the three ADCsIRSITASS feﬁﬁacg i S RISRELE? BT O, BRBCoReT ool DB 305
(see FIG g t can
be- used, ‘Sl FRen Ang FEARAOAN 16 SSHRR - The phRORWR eVl LFTRETRT,
st age 300ABCJC31)3otialng)etusedmtﬂt&mmﬂbpﬁbmﬁg,aﬁhdrﬂﬁ th&vd giitizedrsigran fiohi the

enbodi ment, the first ADC 3 generates the digitized left signal DL and

the thir oﬁrAfD@Dg‘o?rOig@avebeam@élﬁ%@Caw&mg toehe ph@wdlﬁfpﬁﬁw vare. RIS @0t he second
ADC 305 i, f]ﬂgg hqcal‘l?ﬁe%qat}cgllg o(f’ﬂﬂl%' flgehﬁf%aﬂgfﬂ% tﬂé d &Hﬁie%ds@ﬂa? ﬂ?llng the hase

Consequen single sw eral ion, the
switch Szﬁffglregmdgaeelther the left anal og si gnal AL or the right anal og
signal AR to the second ADC 305. The second ADC 305 generates either a

r edundant di githiy ehlaﬂeei‘lffe@ngméette@l_on will laotrreqmrml@mh il andzed! notghterfeiegnal

DR , based. on the si oV fromt ch 320. 305
Funct i onav Ke A per Bpanate BOPEESE stérabe it Bireratom THeaSERTReAl™ or
wor ki ng ayfiPstitpltthé Qigti RADEHIpIEREF signal Dy for flow measurement and processing. At

the same time, the second ADC 305 will output the digitized right pickoff signal Dy,

wherein the digitized left and right signals Dy and Dy can be used to calculate various
flow characteristics and/or flow material characteristics.

FIG. 6 shows the ADC conversion stage 300 where the switches 321 and 322
have been changed from the states shown in FIG. 5 and a second conversion

configuration is set. The first ADC 303 and the second ADC 305 receive the analog left
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It can be seen that the phase drift nmeasurenment is serial in nature in this
enbodi nent. A left signal phase drift is quantified, then a right signal
phase driwOD,20tmem4back to the left signal. The enbodi nerCTiGS2&00W94 and may
provi de adequate phase drift quantification for all but the highest

cmboc merkicsT Fees! A B H6iCE RO (PG b UG0S Febicplehef Stial Ane
before, R RRANAARGS0BCoNCOUR!EAI K rBSIde BMR Rl ILRE GBS PU S

and generate cofresponding re gltlze outp

quanti fi dap’i owr third ATDMBENPadduess a digitizedtight Iﬁclédff)wgnalh}R,AE@ﬂsé agend00
accordi ng to anot her enbodi nent of the invention. In this enbodi nent, the

ADC st ageABOBURipdies adigitiaadlcfgpickpiisiznahBLf duphaspdyfeonce wdwubetggon and
309. Co Bl Yot t digitized
s onal o HEPRL Yo O LB orc S BS Rhd BT o rrent may

therefore tragk thhasBodlimdnt d¥BIRcE bPSR], Yheaieb WirhphrlsBSaRf Qoatpatd thy bt
del ay. The four ADC enbodinent in this figure may take advant age of

comrer ci aADg tavhe¢ bexohd Adddend tmqmg)arweAmdMCdeéhqa@con&lA@C RAhhéwot hat
sing only a s d ce f e dri t determ nation and l.eavi ng
ore oo s ate Mg Rheb Rkl P Tsd Bt soRai o teh SarPhse HER ' four

ADCs can f6,SRRLAYRRS0RSC SRHUsN SoricQaiple éjrﬁlsﬂdtqgr RBRGLAGN: osah{,z%ttﬁ@ﬁm _
The ADC stage 300 in thé figure may I nplenent a phase drift determ nation

in differebC todalsthitdhADie copmarﬁthmﬁmtt ARChodhe tovond ARG eriddhien éparcan be
dedicated to ge erati nglg’éhe two digitized output signals and the remaining
two ADCs E%lﬁe%)é dedt dathedthitd yRferHie tperstpsintheadtertetht di giti zed

signals, as Srﬁé{&g elnthggearg LG4 lf rnorel utd 'i‘hr@?g} re g&%ﬁﬁ& oﬂﬁ')glk (?ﬁélpgsdthet he

ADCs can be c to cycle and térnatingly ate Ized and

r edundantsetliAgi A} zed cﬁrlt@é@dtSXL, AR, Bhi, quem@@mﬁ?Ie) aﬂﬂnﬁumbldﬂamcdwﬁ@tl on
as fixed references and may mninize errors it a particular ADCis

def ect i vaesilt sxhitonany eonelinations qfh%@@s and putppeis Ppﬁ@lelét dhedld b
G. .10 shows the ADC f FIG 9

e opor esa A TR E M poseblsesonutbeehs 3 Bty AT RE RO RMR Mo (1 <
e ot Ll BroRoTat st Ao, e gt acuncar
oper at i omAIals oniyt ﬁrr@has;eedr‘yft dot@ptlcbraskclaaﬂjthp@ecbmdrﬁ@ﬁ?éQﬁp(@e@FI(&W anrhihe.
accompanying discussion). However, any arrangement can be used, as is seen from the
various figures.
FIG. 7 shows the ADC stage 300 according to another embodiment of the
invention. In this embodiment, the first ADC 303 generates the digitized left signal Dy,
and the third ADC 307 generates the digitized right signal Dy, while the second ADC
305 is dedicated to producing redundant digitized signals. Consequently, only a single
switch 320 is needed.
In operation, the switch 320 provides either the left analog signal A or the right
analog signal Ay to the second ADC 305. The second ADC 305 generates either a
redundant digitized left signal D;’ or a redundant digitized right signal Dy’, based on the
signal provided from the switch 320. The second ADC 305 functions as a reference
device and does not generate a measurement or working output in this embodiment.
It can be seen that the phase drift measurement is serial in nature in this

embodiment. A left signal phase drift is quantified, then a right signal phase drift, then

back to the left signal. The embodiment is simple and may provide adequate phase drift
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What is clainmed is: 1. An analog-to-digital conversion (ADC) stage (300)
for digitizing two or nore anal og signals, the ADC stage (300) conpri sing:
t hree or wonre12AR&s1( 303, 305, 307) configured to recei veCTiS2eM046M4 nor e

anal og signals, generate a first digi ti zed signal froma first anal og

signal of the_tw o nal.og si gn enerate at |east a second

di giti zedlugpaﬂ%tl%féﬁﬁnﬁtbur isdyielzpst algarﬁ S8 a9y RAICBE OPFlPRo or nore
anal og m&,@g tHnk0 create two or nore digitized signals, and generate one or
more redundant di gitized signals fromthe two or nore anal og signals, with

t he one or norEG. Sd;hadramlﬁe dngodlrrmﬁdoﬁFmﬂa?l sutheitinthrgeneilet apuslibsicands al |y
in parallel with the t nore digitized signhals; a proceSS| ng devi ce
(330) couploedt brfprfe therﬁeé@nchDﬁ)f%%S A@tﬁyql@@%y resgne @Oy thephyes mpats and

P oSt e €3 S LSO BB G BB Sy el ek gpd T om. 2

phase dif ence a re e ‘one oOr nore

r edundantcofifintdtzmd signal s and a correspondl ng d| gitized signal of the two
or nore digitized signals and conpensate the corresponding digitized signal
using the one HE. Aohewphizs 8 Dr sthge 3@ aewrding fo Thahammisadigen( 0Dy of claim

w th the Duiop” orgs gt G P ST S0 mdNAR S8 o sb6R 41 EGi m 1.
wher ei n tABCRRBOIDE 4P RHE Sardr ool (y(ﬁlsb'&t%n@lﬁzethQ%EC%ftfgé ﬁm%hagahe@{é y

concurrently with the two or nore digitized signals. . The ADC st age
(300) of redandmntdigwized signalst wpacalletroibe phaadeahpfm:cgnpémanmrprﬂm ng a left

anal o i ckoff signal and a right anal i ckof n ener.a by a
Vi br a? Offmlﬁ?qgmqﬁ%t? rgpy therefore trac% phase %ri?c mgre close{y an W?flh legss proba ?1(11ty 0¥

delay.

The four ADC embodiment in this figure may take advantage of commercially
available codecs having two ADC devices per chip. Rather that using only a single
ADC device for phase drift determination and leaving one ADC unused, with two ADCs
being used for signal digitization, all four ADCs can be employed, according to any
desired operational pattern.

The ADC stage 300 in the figure may implement a phase drift determination in
different ways. In one operational method, two of the four ADCs can be dedicated to
generating the two digitized output signals and the remaining two ADCs can be
dedicated to generating the two redundant digitized signals, as shown in the figure.

In another operational method, the ADCs can be controlled to cycle and
alternatingly generate digitized and redundant digitized signals. In this embodiment,
none of the ADCs function as fixed references and may minimize errors if a particular
ADC is defective or exhibits excessive phase drift (see FIG. 10 and the accompanying
discussion).

FIG. 10 shows the ADC stage 300 of FIG. 9 when operated in a cyclic manner
over four discrete time periods. In this operational embodiment, each ADC will
generate the digitized and redundant digitized outputs (Dy, Dg, Dy, Dg’). At the end of
the fourth period, the operation will iteratively loop back and perform the operation

again.
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WO 2012/ 026941PCT/ US2010/ 046914 5. The ADC stage (300) of claim1, with
the two or nore anal og signals conprising a | eft anal og pickoff signal and
a right awmel2eg/qbiakoff signal generated by a vibratory PCowsSaemerqim th the
pr ocessi ng system (330) using the two or nore digitized signals and the
phase dri f vaI&J gr determ ning one or nore flow characteristics of a
f1 ow mat eYfaj Is clagme e ADC stage (300) of claimi, with the two or nore

anal g, signal s gbL 34 neie LE{eraDR RBAEIA 0! @Pals @, fub hefHoranal og

pi ckof f SI ‘gnal gener ow et e he processi ng
syst em ( 3B3@)ogusgrinds, ttHiEeAD@st@ge (ﬁﬂO&cdﬂngrlgmged signal s and the phase drift

val ue for determning one or nore flow characteristics of a flow material.

7. The ADC st dheec(gomredtDes &0 305k eprfigured Eneccsive ips BV auRERANt

digitized signals re ner r e m ned anal og
signals of the t\/\oador e n%gneraseagn 1g1t1%% %}na‘lﬁ'ﬂ%g a%e5§1§§6}g claim
1, wherein the one @ théBi&of RBENSRNGg SloBhlk Zdrasd SBhs a%é@orﬁh/dfl%c ealily
generated fromanong the two or nore anal og signals. ) ADC st age

(300) of claim1, wigrialiiesm atdoasti saeomsl Mgfgglsal@tﬁdiest\m@mmm mglag | ef t
anal og pi ckof f 5|gnal nd a right analo of. nerat ed by a

T e atory 11 ow mer orendh Tk BYS of A Rt oimatRB0 eelAGARE g, zed
si gnal s, gener at i ngifgiANa lﬂalsi%nav@fr&% th@wdo spﬁ%%@%lbgglﬁhﬂg with the
correspondlng digitized S|g further conprising: generatiing a redundant
digitized left pickofforshgeatdfndent dingizedkignabdicary pinckoéd sisisgmahlly in

generating a redundant (iil gitized right pl ckoff .signal fromthe right anal og
pi ckof f signal: ger®Falisl ngthethe ye opmpse digifized yg0als froma left phase

di fference bet t [ nt

digitized Ief tav\%\’iggistg?% %ngﬁéP?WCdu%iéd ®ith& ke 5t AR ABRY (t3b§, §(%9'§69f3‘
with the processing device (330) configured to generate a phase drift
value from a phase difference between a redundant digitized signal of the
one or more redundant digitized signals and a corresponding digitized

signal of the two or more digitized signals and compensate the

corresponding digitized signal using the one or more phase drift values.

2. The ADC stage (300) of claim 1, wherein the phase drift value is generated

substantially concurrently with the two or more digitized signals.

3. The ADC stage (300) of claim 1, wherein two or more phase drift values are

generated substantially concurrently with the two or more digitized signals.
4. The ADC stage (300) of claim 1, with the two or more analog signals comprising

a left analog pickoff signal and a right analog pickoff signal generated by a vibratory

flow meter.
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generating a right phase drift value froma right phase difference between
the digitized right pickoff signal and the redundant digitized right

pi ckof f swQrraizjo2émmpensating the left digitized signal w®errug20lm4doeit phase
drift value; and conpensating the right digitized signal using the right
phase drift val.ue 0. T stage (300) of claiml1l, with the two or
more analdg sinazi\QC%%ﬁ% &ﬁpﬁé’? %1a1r%3tW§£ﬁéh%a%Pwefﬁf anglogsiEnalh JOWPFIS et
anal og pi f ' Mol . L M rating
fhe one o EasmaRlediBlo@ERRRALGR Sty Anlcp LRI LBk R o MbrahEy By

val ue, arfibve arge@nsathi thg ptdressing $y8s0 (3B0) gisthgght twedr sioye digitizedtdi@rals
conprising: generating a redundant digitized left pickoff signal fromthe

| eft analadg tg¢ ehaserdrdy yug forglefapaning @ng or efare Hlessehagateristigapfia flovom a | ef t
phase diﬂ%ggga e between the digitized left pickoff signal and the

r edundant gitized |l eft pickoff signal; conpensating the left digitized
signal using the |left phase drift value; at a second tinme, generating a

redundant digitized right pickoff signal fromthe right anal og pickoff
signal; 6. The ADC stage (300) of claim 1, with the two or more analog signals comprising

a left analog pickoff signal and a right analog pickoff signal generated by a Coriolis
mass flow meter, with the processing system (330) using the two or more digitized
signals and the phase drift value for determining one or more flow characteristics of a

flow material.

7. The ADC stage (300) of claim 1, wherein the one or more redundant digitized
signals are generated from one or more fixed predetermined analog signals of the two or

more analog signals.

8. The ADC stage (300) of claim 1, wherein the one or more redundant digitized

signals are cyclically generated from among the two or more analog signals.

9. The ADC stage (300) of claim 1, with the two or more analog signals comprising
a left analog pickoff signal and a right analog pickoff signal generated by a vibratory
flow meter, with generating the one or more redundant digitized signals, generating the
phase drift value, and compensating the corresponding digitized signal further
comprising:
generating a redundant digitized left pickoff signal from the left analog pickoff
signal;
generating a redundant digitized right pickoff signal from the right analog
pickoff signal;
generating a left phase drift value from a left phase difference between the

digitized left pickoff signal and the redundant digitized left pickoff signal;
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at the second tinme, generating a right phase drift value froma right phase
difference between the digitized right pickoff signal and the redundant

di gi ti zedwoixgterozpaekof f signal ; and at the second tinme, PCongsensasdomg t he
right digitized signal using the right phase drift value. 11. A phase

synchroni zation nethod for digitizing two or, nore analog signals, the

met hod conpri s%qqarzatlgéﬁéfélﬁpﬁasea&fff ?’gltleéﬁoé"il ﬁfﬂgggp%f}sa e pgRevers B anal og
signal of the two qf;, & . . i :Dg; ] ] second
i o1 ti zed si'gnal fropare ERE R ARl AN ARRRLRL D8R e RERkIBS 0
anal og signals to aigalle two or nore digitized signals; generating one or
nore redundant digitized si gfnal s fromthe two or nore analog signals, with

the one or nore@nEasatthe delydigitized signghusing B 6§ @é%dréftévaﬂ@ub@d antially
in parallel with th wo,. Qr. nmpre. digitized .signals: nerating a phase
ari Fr el e 1 oSG R R R R AR MR P e onar of

the one or nore redundant digitized signals and a corresponding digitized
signal of the two or nore digitized signals; and conpensating the
cor r esponidi. ng TheghDi(zsseigas(39AndT clginmg, with thétre@ odimiofe ansddgisignalg 2omphisinghase

SR AT R AN R TN
signal s. flow meter, with generating the one or more redundant digitized signals, generating the
phase drift value, and compensating the corresponding digitized signal further
comprising:
generating a redundant digitized left pickoff signal from the left analog pickoff
signal;
generating a left phase drift value from a left phase difference between the
digitized left pickoff signal and the redundant digitized left pickoff signal;
compensating the left digitized signal using the left phase drift value;
at a second time, generating a redundant digitized right pickoff signal from the
right analog pickoff signal;
at the second time, generating a right phase drift value from a right phase
difference between the digitized right pickoff signal and the redundant
digitized right pickoff signal; and
at the second time, compensating the right digitized signal using the right phase

drift value.

11. A phase synchronization method for digitizing two or more analog signals, the
method comprising:
generating a first digitized signal from a first analog signal of the two or more
analog signals and generating at least a second digitized signal from at
least a second analog signal of the two or more analog signals to create

two or more digitized signals;
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13. The phase synchroni zation nethod of claim1l, wherein two or nore phase
drift values are generated substantially concurrently with the two or nore
di gi ti zedwei2greAi26941 14. The phase synchroni zati on net hogCofusediniomsold, wth
the two or nore anal og signals conprising a |left anal og pickoff signal and
a right anal og pickoff signal geperated by a vibratory flow neter. ~15. The
phase synchr orHCASHAIGH OREChEW BFCLING? M it pigngls SV ORI BOTS AR IAG

signal s conprising . i i | ;& ol i ckof f
o1 gnal “generat ed by H 5 wrB{R: 8 B GRL teRh i i ERRe R B A be BN AR L
conpri sing using thabttastidly imgyagalthl giithi the dws iog nadrs daridzddegigse dri ft

val ue for determning one or nore f|low characteristics of a flow material.

16. The phase SyREHRBAIP AL SiftvalusdEoBR Rhpss mfferencgibeRveane togsnént nor e
It (R B S S A N R M

pi ckof f signal gener

further conprising désichgoridn®s 810iRH sTEHaCofihditivioZR thére UndtiSedigndlfeariahase
drift value for determ ning one or nore flow characteristics of a flow
material. WO R0IRhERERADPCI&iPROdDE0USizad sighal URing thieabescsymit Nalowi zat i on
met hod of claim 11, wherein the one or nore redundant digitized signals are
generated fromone or nore fixed predeterm ned anal og signals of the two or

more analjeg si ﬂi&%h"‘ase s%hr&ﬁ?at%%&h%& RF bl9A l?lé‘Wh@féiﬂTﬁfef}ﬁﬂs@Briﬁ'v%id@ i,
wherein the one or nore redundant digitized signals are cyclically

gener at ezehemdsnbrgntihiey tavzuarntip methahaltwg os ngmaldgitizeixignktie phase
synchroni zati on nethod of claim1l, with the two or nore anal og signals
conprising a left anal og pickoff signal and a right anal og pickoff signal

gener at eq by ggﬁnétlﬁ{da?% ?%%h@%ﬂ%tf&trﬁétho&j&@lah?ﬂls Erzeirg (981“@{0?&% {)lﬁ‘&etd'i’f‘}‘t one

or nore redun I zed signa generating ase val ue, and
conpensatvahgstahe gerites passtimalldicohturzadlysi-gmele ther dhaorecdipipized biggals.

14.  The phase synchronization method of claim 11, with the two or more analog
signals comprising a left analog pickoff signal and a right analog pickoff signal

generated by a vibratory flow meter.

15.  The phase synchronization method of claim 11, with the two or more analog
signals comprising a left analog pickoff signal and a right analog pickoff signal
generated by a vibratory flow meter, with the method further comprising using the two
or more digitized signals and the phase drift value for determining one or more flow

characteristics of a flow material.

16.  The phase synchronization method of claim 11, with the two or more analog
signals comprising a left analog pickoff signal and a right analog pickoff signal
generated by a Coriolis mass flow meter, with the method further comprising using the
two or more digitized signals and the phase drift value for determining one or more flow

characteristics of a flow material.
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generating a redundant digitized left pickoff signal fromthe left anal og
pi ckof f signal; generating a redundant digitized right pickoff signal from
t he ri ghtwenai2zgeqiickof f signal; generating a | eft phasecunisteiowaddue from a
| eft phase difference between the digitized |left pickoff signal and the

redundant,_digifized |left pickoff signal; generating.a right phase drift
val ue frorra rﬁgﬁﬁ aﬁ%@g@hmm@éw&rre%tgaapﬁégﬁntlﬂew&rﬁ 1 fheedeqrdgperepi ckof f

signal a : Vgl Li ' ' ' . ' t he
et di gy R Rk e dplea TRy BhE P plor® HRE bredERPREIRAE. g
t he ri ghtsigliai 61 thedws iognalre usalog sighelsr i ght phase drift value. 20. The
phase synchroni zati on nethod of claim1l, with the two or nore anal og

signals conprising a | eft anal og pickoff signal and a right anal og pickoff

si gnal 9efer at'lelge ptﬁd/as 4 &\érll ?&0 ;[i%alrti'/olnfrlngt\ﬁ’g?é% g{aimvi’ilt th%rge?ril ?\r}geeﬁeo(%gﬂcgrgner ating

. C .
t he one or nore Tedu n ze S, gene e drift

val ue, anddGREREHBAIAOGidMAS £410chEsRAUNPeAsatidFrérhZ2eshng tHE &lo bHhidd@hnalog
conprising: generating a redundant digitized left pickoff signal fromthe

| eft analsegnapi.ckoff signal; generating a |left phase drift value froma
| eft phase difference between the

19.  The phase synchronization method of claim 11, with the two or more analog
signals comprising a left analog pickoff signal and a right analog pickoff signal
generated by a vibratory flow meter, with the steps of generating the one or more
redundant digitized signals, generating the phase drift value, and compensating the
corresponding digitized signal further comprising:
generating a redundant digitized left pickoff signal from the left analog pickoff
signal;
generating a redundant digitized right pickoff signal from the right analog
pickoff signal;
generating a left phase drift value from a left phase difference between the
digitized left pickoff signal and the redundant digitized left pickoff signal;
generating a right phase drift value from a right phase difference between the
digitized right pickoff signal and the redundant digitized right pickoff
signal;
compensating the left digitized signal using the left phase drift value; and
compensating the right digitized signal using the right phase drift value.

20.  The phase synchronization method of claim 11, with the two or more analog
signals comprising a left analog pickoff signal and a right analog pickoff signal
generated by a vibratory flow meter, with the steps of generating the one or more
redundant digitized signals, generating the phase drift value, and compensating the
corresponding digitized signal further comprising:

generating a redundant digitized left pickoff signal from the left analog pickoff

signal;
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digitized left pickoff signal and the redundant digitized |eft pickoff
signal; conpensating the left digitized signal using the left phase drift
val ue; atwesedonditi ne, generating a redundant digiti z@dTnisgémw/opéoek of f
signal fromthe right anal og pickoff signal; at the second tine, generating

AR AP G E e
3 L_Igﬂgl t hgmrji Sﬁt t Bﬁad;igﬁig?éllj}e{fi @gmfef Q@Bﬁf‘ﬁﬁf thB9ediPRiahi @PHi-dl Wit hrkOrrs sl
compensating the left digitized signal using the left phase drift value;
at a second time, generating a redundant digitized right pickoff signal from the
right analog pickoff signal;
at the second time, generating a right phase drift value from a right phase
difference between the digitized right pickoff signal and the redundant
digitized right pickoff signal; and
at the second time, compensating the right digitized signal using the right phase

drift value.
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