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WO 2004/ 031702 PCT/ US2003/ 026009 PROGRAMVABLE
CORI CLI' S FLOW METER ELECTRONI CS FOR QUTPUTTI NG

WO NPORMATE ON OVER A SI NGLE QUTPUT PORT BackgrpemtSmwh3/026009
the Invention 5 1. Field of the Invention The

invention is related to the field of flow neters, and
i n PRAGBAMMARLE {CQRIQELS FLOMWEASR EL.ECGPRONICSTFOR

out pitd | y, PUlc-Si

ai o TP A R S O PRI S SIS b Sy porr

out put port. 10 2. Statenent of the Problem Coriolis

mass flow neters neasure mass_fl ow and ot her

information with reBirkaroyrd ohghedpyention; | owi ng t hr ough

. B j disclosed in U S. Patent No. 4,491, 025
I'fﬁéeg%@?%%gﬁe’?%g Smith, et al., of January 1, 1985 and

Re. Th# Jl&k&ﬁtlmmls\}elEtedﬁm'thel'ﬁd)d of Rdow useters, ahd 1ﬂ.ﬁﬂﬁculaﬂ'ln@ﬁew meter

flow neters ically, ise a flow et ..
clegiraRies HHALiS % bhippBesiier Franaaupi pgneloradisitl
coRifol Aflon ploRioITBLE! 036N S8AA bty pie or more fl ow

tubes of @a straight or curved "configuration. Each
fl ow tube configuration has a set of natural vibration

es i C be of a sinple bending, torsional,
2 S%g“wt‘%?’ %o‘ﬁ’ga’%d type. Each flow tube is driven to
oscidoridtiemass fleS IaRS fehdhrOR@sOflovw Bﬁﬁ@th@laﬁl@drﬁiatlon with respect to
vi bration nodes. The natural vibration nodes t he

maferipleflowige thravel 2 pipeking asetiscdgped éntl. A RatesMNon 4ot @%aﬁsued to
I éo‘ép{ &T o, ”P{%ﬁgar?’%s %s?z%%f and[igeo%? 4%()/\26"{’1 Euger e%?ge%%y 11, 1982.

ent
Thest feow aleteld ypically compiseghflew Gastdreldctrohicopomion and a flow meter
sensor, all points along the flow tubes oscjllate with

sengor BRrHER- aﬁhow&mﬁtyr <SRTE e onsrpy gere Aewitbesrqfa stipjedhar curved
coﬁﬁgﬁﬂa&wﬁ tEagn hbﬁ%@{ %ﬁgh fhd Dset B HAE Q1% 1 3 2which

nts along t ave a erent pha
ma?l*b@ gilaaseple ibemdmg, tonsioaal sadikd, Qrfcoupied typnewEmah ﬁow&ehsesw |dr1ven to

l.ags the driver, e the t tl et
osqifide abigSqmapte ifoine bt ek ttor L R ioR dnqies., THE el ubratioh modes
of THeOMbABAE tna@ 12 B18d sPsRinePdrb Hefiftell iH Pt %?%@écﬁﬂﬂaﬂécf BadsQf the
produci ng si nusoi dal~ signals représentative of

flowdubesrand fthe matefiplovithio e tubep.f &ﬂ@ntthqmnsmosmaﬂeumlgﬂqmeg
torgylf s AR G T PP i Tl g Re e e et e wisp o

subishitibilpidefdat phak € als méred flowkehphigs thediow RbEY) CRriolis
between the pick-off signals is 30 pro ortional to the

acc‘r?bﬁg%twmis swsrs prntoglong e fipreiubey tothapon dTarent phage- (Ihe phase on the

ol P TR AR s RaR R Vg R G et sice o e

floed reeter swakardeads died dtévet.ne pi ck-of f signals fromt he

pic s, The flow neter_ele oni cs cess the

pi c &KVOSPLS Soymnter sepsorvivpiselly gwfr@gw Pislr¢1ix for prpduicing sinusoidal
mgﬁ@l@ ?é;ﬁ'é’sent‘aﬁve @ﬂﬁ& Hﬁftloﬁ LeaR o lebe§ gﬁhﬂaje mgogil;ts BRAS tlow

rou | ow met er sensor.
tubes A phase dlfference of the sinusoidal s1gnals recelved from the pick-offs is calculated

by the flow meter electronics. The phase differerice between the pick-off signals is
proportional to the mass flow rate of the material flowing through the flow meter sensor.
An example of a Coriolis flow meter is described below in FIG. 1.

The flow meter electronics receive the pick-off signals from the pick-offs. The flow
meter electronics process the pick-off signals to compute a mass flow rate, a density, or

another property of the material passing through the flow meter sensor. The flow meter
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WD 2004/ 031702 PCT/ US2003/ 026009 el ectronics
typically have nultiple output ports or nultiple
w@eowmwsi7eat i on channels for outputting the naBST/UEIING/026009
rate, the density, or other information. For instance,
typical flow neter electronics have a mllianp
elestropigs typacatly bevemultipbd mag@ pous pumultiplelcgnmahication channels for

ou%mtttbnlﬁnthg %’g‘léﬁ?, %‘ﬁlr%cmtgﬁ ggnsqtsjr (Proq%er b{%}létp%tf e 05 bq,s%/ancq-ﬁ%pwal flow
méteroiedihRE heveLniltiamg sm'eyut by didtrdet PbIEageWulptk, AL
provide a great_ deal versatility to users, which
copgRpmgratigaagfocplyutpyy m siregmsnescaitpn Eacpniprt hins Als @, physical
I [
pofs, HeTEhheicP HEGHRE Eil MUl oRs B  BRRE B &
verse’ehi@do ilmrs swhmi &nmpisbﬁlafdr(mﬁam ‘Bpplivatipnss divertiutdtely, flow meter
robl em s co ex and eaper  fl ow neter
elegfrapics wﬁh H%le@lqgﬂrb 3’&%1’%@’& and ey ey mogsfietionality
thgfn] lgweé@g%r s%h b gﬁf‘éa%%n§t il receive the pick-off
i gnal s pi ck-of fs, and process the pick-off
SI gl kel smlmﬂqsmablamm;:ssccfmmw aret dheaper dlemsineter electronics have

anot h of .th aSSI t hr oygh the . .
b Goyelner s TEElRet rorie fp B R RR S P FEL e Dick-off signals
froeh S@lpickibfES afld HioREssiNe piakoflki@hald tdEbRpatelatthssHRI rate] Bensity,
| ess conpl ex | ow nmeter electronics only generate a

or gpefhergwonestval rﬁhq:mﬂﬁe@nl nsssing thspughi the pwirneter seagare Jbaisss
I t
co&l?g%g?)t“?@?%r EJ ? 1S a{fe lgghg/?r%zé ¥ le %{1 g 1? eggec lfss complex

ﬂo&ymbteﬂslectti‘tﬁﬁcsamey gaefdtgn digital @nﬂﬁﬁlﬁba\tﬁ)n@réﬁ)e@lm@ﬁythaf represents
pul se, si gnal. and do ngt understand_a digital

theagashilovests, 8ie dsnsitn e Fhesqﬂgmropeﬂe&d Hﬁf@ﬁmare}y, SPTRE UgIHliEVe
B4 B oRIA0 bR SREST Al IR
untlezrsﬂaildledfglltawamahmnsanoﬁrmstecmgmahi cal flow 20 neters

gﬁgggﬁ?dé B§ 'k’ﬁ?lB naI bﬁ%ltl{iggb’clg? Vesotpec%ig{ﬁﬂaﬁgw meters, such

as PEGHIR d1§pl£&hﬁ‘aht RBtefD Upzﬁ "%%EF oPRirtind N8f imett8Y %Xsestﬁééhﬁﬂéal flow
receive the pulse 3signal and provide a read out of

metdre géricsate o pulse Sl@dﬁlu&ﬂnendhw chargbehgsan ODhladhpaSer@hm‘ughe magnetic
fiefd or eﬁlf Ih aP 0 etr fé"onCt \ﬁfelﬁ i ok rsontl r% rece1ve the pulse
i e PSR EE bV iind R Bl Bl e osiedhe
sighhlgindlpr@fi @POFdal ©08bf the flawfrheyadijad @ vaRebaélr Jnahé vt rbte, or
t hese | egacy systens. 25 Unf ort unately, no flow neter

peifpra nasher dwnciane NswenelgevasioBew meiers heyq alsq brearopafigured to
e
selfrhf o prRIIa SRR 06's F o Lt XAl Ree 1By B fems.
UnddrtunatelSab lﬂolvxonnet'Eh elettntdeiiava bbal grselopbd that will Alb@teee with
roblens wi.th flow neter ejpectronl cs. that, can 30 _be

le%%afszﬁmf@ad%ﬂe% SYSHTbUETF PO EFRLy° ot StReomElRRl
apflicaBofdl 9i tal communi cation protocol signal over a

singl e output port. The invention advantageously

provi des fl ow rreterSehWry@lﬁthsztﬂhGOnare cheaper and

bet tl"ﬁe 1nvlér|1t'ion elps sohve tlsle above pro tﬁ?folworrr]l%fer ;:rlrégtromcsV¥hat can

be programmed to either output a frequency output signal or a digital communication
protocol signal over a single output port. The invention advantageously provides flow
meter electronics that are cheaper and better suited for less complex applications. The flow

meter electronics are also capable of interfacing with legacy systems with the frequency
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meter electronics are also capable of interfacing wth
| egacy systens with the frequency 2 WD 2004/031702
weEOMAAs2003/ 026009 out put signal or interfaciPQOI/vb1003/026009
nore nodern systens with the digital conmmunication
protocol signal. One enbodi nent of the invention
ouipwt bigua or fitefacimeg with @laze tnodeincystéms withahie digitgl @mrhtdeation
rtatj of fn material flowi ng through a flow nmeter sensor
PIgPCU St&f ol is flow meter. The 5 flow neter

el e @deMbodih QAP tHREnvenfibA eRhiich BofHaétenelsdittbnes ThNBbSiding a
out put port. The processing systemreceives pick-off

flogy gtraefen mpterialitiaving Swoweh eHow axriessersen opp Gorekiedow mester. The
AR {fn%te? £ ect%ltg&aéoﬁl ‘éf:lg:g giﬁ‘& 5911%e é;sgﬁl ;ﬂélo%’/\éélgﬁg gut?)Lt 15(9‘? The
prmdesilmglgtsteﬂnreﬁ:ﬁWesaplék-eﬁtls@ﬁls feath ﬁiﬁﬂcﬁw gieedr s&fsoﬁardi @otdkes the

nlcatl n pr.ot oco e instruction is
p1<;§<69 sigpals Eﬂj&ﬁwlm&ﬁlﬂo |the {nﬁ‘gﬁla @%rgﬁglgg gystem receives
an%[s?ﬁ@ﬁ&rpfo?% ﬁén g tnﬁhg 51%{)8‘% %Qﬁfﬁ al CorHBRIcAln frotocol signal. If

frequency out aving a requency
thémnsﬁpmtmn ool alf@qtld;m‘yfdumm sigadlethemtict prozessing systanhprocesses the

O S R N 5 9 R B3 ot o

ratBf dafabm s e uéﬂb‘}'rﬂ)uﬁﬂl@ s@ﬁﬂ%@ﬁﬂh@ gm‘gléS&ﬁﬁﬁt PORC EBHE tnstruction
the flow rate to generate a_digital conmuniCation

is iw edegitsl C@n@n@lcattmromplr mhtthert the prdcessingaiystem pragesses the

ﬂowr%[k %p tgﬁesrltclt%ga] cﬁiélga&l tc:(gm{n% ca 15 ﬁ%ttchpmgna? ‘r;c]hea? (Pe n% %enii‘l(’)w rate,

and hen@mtsotﬁs digital @ylﬁhﬁﬁca:iﬁ;h@mb&ﬂslgﬂam\ree tHel sﬁfgl@éutf)h@ﬁrt
of the pmaterial. If the direction of flowis in

f or Wi reptheregbofBRent (the Arocesingsyaed Wﬁ@@ﬁedwn of flow of the
B8 BUEPGOL PRI SaMk St o K0 R i

genarates the fobiqneclyiontput sigeal tb lhazvepar g sgclabelowsl £nif the direction of
enerates the frqu‘lenc out nal to have a dut

0B e 15508 Geaionaon eBpREPe STRSTR e e guency butpu

ﬁ%ﬁ&%@m&b@ﬁdm&QﬁdE%Q&ﬁ§§5ng systemdeternmnes if a fault
as occurred.” The processing system generates the

f r edw emthersutbodimenit gfitie ineontiony the pipp@dmgeymmel@terrmnes if a fault

freguency, responsi ve to dete the f uIt
ha {E BT o n FEBAREFb® eiberdle iR Bt B St fyine o
prddetedvined Iﬁ%qﬁéﬂc%' PV Bki el deterdiR@Ehe faflt. t he inventi on.

One aspect is flow neter electronics 25 for providing

a f Mopimvaniontlsingtndes pther embadiments Aesstibed belowow net er

S en I

ol ed %: gcﬁ og@nga%#p& c‘csf (&fod% HR/E}?t{ednou d'c}s&c?ﬂt aeter electronics
forprovidmgiantpve yse efa mawnbleﬂiowlng $l&bdgh5a ﬂgWenaeﬁ sféniormﬁlatConohs

and conf.i ?ﬂ%r ed to:, recgeive pjck-off signals from said

flop rggferstid flogpneisy ele%tﬁ)%?scﬁ?@g’@%’ér d pick-off signals to
det gifHoendfitPoft! ¥ rate of said material,

a processing system coupled to said single output port and configured to:

receive pick-off signals from said flow meter sensor,

process said pick-off signals to determine said flow rate of said material,

receive an instruction for a frequency output signal or a digital
communication protocol signal, ‘

if said instruction is for said frequency output signal, then said processing

system is further configured to process said flow rate to generate said frequency output
3
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receive an instruction for a frequency output signal

or a digital conmmunication protocol signal, if said
wo p@b0sicdl on i s for said frequency output si gneCT/Us19e31026009

said processing systemis further configured to

process said flowrate to generate said frequency
sigmalthaving 2 HAQuARY4rOBTEOR2] RGRIAB2E 08026 068smiisgiddtequency output
. havin f.requenc oportional to said flow rate, and
s1g{1qﬂé>ﬁglﬁqa{%§%g‘iawwgﬁ}gfgf‘@§80ut put signal over said

si ngl e oytpdtindd@iction AMBr $aid &idital doRfrnidi€dtiof Protdcd] @lgnal, then said

sai d digital communi cation protocol signal, then said
progessingsystan is fusthenrondiguradith procesridgilowe date & ganstabesspid digital

said flowrate to ner [ igital et Ao
cor st P B B SRRl Gl g B S s guig et
corhm@ifichtddrEproRoel digrah svartsaidainble@pitadort. conmuni cati on

prot ocol_ signal over said single output, port.

Si ¢
Pr ePrstephly, t%@ REOCTSHystemys £yrties Ronteurssh toher

conf . ot ] j tion of flow of said

mat é‘%}t?‘g?’?g? Rggﬁog%gﬁogc(?ﬁsgﬁl Ig?t&%ibw isin a first

di r #ehidaelrectidres! fipan iriaadirstalictcion thearpeyeratetsout freqiéncy output

. signal to have_a duty cycle below 0.5; and if said
81 1?%@?‘(‘3&1‘1‘63_’ "3"‘?1%thqu'§ gdsecond direction, then
gengis3liQliaich df RAVANAY sedndWhirectidd) Ath deferBR\Bide&didbcy output

~cycle above 0.5. Preferably, the processing systemis
sighalite have by cydle ebved.S. deternmine if a fault has

occyr r.ed. d 15 generate .said freguency output signal
navE Sy B e e R oy B ey SRR DL L

det gétbinithf afanléhisdbetieredagfi er abl y, the processing
systemis further configured to receive said

i nsgengeate eaid frequancy ap@utsigeal Badng p predstermined drpauengy épsponsive
. e flowrate conprises a nass flow rate.
to %gﬁﬁ%g‘?%{llfve'y, the flow rate conprises a volunetric
f | oRtefahlsly, thébioeessrtg syefeyn, is firéhel cavfiguaddtoaesgive ssbinstruction
net, volumetric flow rate. Another aspect is a nethod
ovessaid sEEt PHPHMOB IR £&ETel ect roni cs for providing a

fl oweférgélﬁatﬁ%g@w'@feedb' isfd P RAIdHFROh a flow neter

sensor riolis ow neter, said nethod
conpiiesiatigely ke SvepatecbmpBisesecailunetyc flogkeatst f si gnal s

fromsaid fla ter, sensar; processin ai d pi ck-of f
si gg_lalf’_ a‘f“éel&éﬁ,%ﬁe?r‘fvﬁ %te_scﬁwnﬁscﬁwe? 0 EmSt sfi?‘?ﬁ réﬂ’g‘t erial;
I eCAhYihBPaspBet s iettold @RpEafin@f1bw HRHENEICtRHLR W b @bl a flow
or a digital conmunication )
rate of a material flowing through a flow meter sensor of a Coriolis flow meter, said method

comprising the steps of:

receiving pick-off signals from said flow meter sensor;

processing said pick-off signals to determine said flow rate of said material;

receiving an instruction for a frequency output signal or a digital communication
protocol signal;

if said instruction is for a frequency output signal, then processing said flow rate to
generate said frequency output signal having a frequency proportional to said flow rate and
transmitting said frequency output signal over a single output port; and

if said instruction is for said digital communication protocol signal, then processing

said flow rate to generate said digital communication protocol signal that represents said
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protocol signal; if said instructionis for a
frequency output signal, then processing said flow

WO 2108/081002 30 generate sai d frequency output siPEEIUS2003/026009
havi ng a frequency proportional to said flow rate and
transmtting said frequency output signal over a

flowi ratgl asd drahpuittigmsaid digitel domnsedieation pratoest isignal avef said single

ou agg%gi gital comruni cation protocol signal, then
%}1 sing said flowrate to generate said digital

COoMpeTergilly BB nidtiedOfethersd sed:hat represents said 4
WD 2004/ 031702 PCT/ US2003/.026009  flow rate and

t r afetpieiningg daciorphilewiof suamatarabit i on prot ocol
et RoR e IPb Lo MG, £:0 Rt i e R RURE 3l trogb Iy output
sighblawhave sdaitg cyele deloal 0.55andf said direction of flowis

ina fjrst direction, then geperati sai d frequenc
out Hiseid dfmgﬁ%m Sokavie aéeEﬁll%ﬁ@%‘Pfé i FRegine sy drefiyency
ou%é%%gﬁdli@ﬁ&de%rﬂﬂcﬁl@%dvéolsﬂ a second direction, then

ting said frequency output signal to have a
dut Prafgrebly, thb avath@l farthérebmriaéd:y, the net hod furt her

conprises: .10.determning if, a fault has occurred;
and atgﬂ’é’f’ﬁlgilﬁﬁf@iﬁlﬁlsﬁ%ﬁ{?gnw output signal having a
pr eg@ﬂe@éft{ﬂgrhﬁﬂ fré UMMt SBRRICKESinten predsteinghed Rédi@ncy

said fault. Preferably, the nethod further conprises
resperséyoip dgtesmingng s7éd faglit i on over said single output

f . f Dy
por &’refér%ﬁ‘ygthg %ﬁe&hﬁ%ﬁvﬁérg{ogl{p%layr{ecélbﬁg.shfa\q,n%t%{cﬁ%n pyes stald single

conpri ses mass ernatively

outpat gorcRoma wes a volunetric flowrate. Alternatively,
the flow rate conprises a net volunetric flow rate.
AnoPFréerablyplbe floperate copmrisgt &MBIOIME Eatf-or providing a
fl O\ﬁ(ltreﬁfaﬁvﬁgl, (%e kS he on{\ﬁhggg e{%luﬁlgﬁ'igm Aed | ow et er
sensor of a riolis flow nmeter, sald software product
c onpdtesiatigely 2fie floowateeberprisef 4 v veluamiic¢ fjoweatewhen

executed by a .procgssin stemto..direct the . .
o 0 00TehE et BAr e SRAUGE o PERLGRE » Sogriaietarpiprial flowing
thre@dtth bW W& tsehisod %P§ Poriold ASW fet&AsAd sditwire ?f’dcduﬁﬂ' @ARrRing:

to determne said flowrate of said material, receive
an iflnwtmeter odiwafoeondigufedevheareagcubest pue pricgisalg system to direct the

digital co ni cati.qn pr ot | si I hr.ocess sai d .
PIGCEpE P e 8 TSR Rireo S1E Miou send Doty et SeBfogniocess said
picRaT §i8nas fof REKHRMEYsafl APP Edte ONSHid ntepial, edelv@inriadtercadlfor a

25 transmt said frequency output signal over a single

freguansy puipyt fisndl os a digiteheqmueniraien; psotpeel siggialy process said flow rate to
generate said frequency output signal having a frequency proportional to said flow rate and

transmit said frequency output signal over a single output port if said instruction is for said
frequency output signal, and process said flow rate to generate said digital communication
protocol signal that represents said flow rate and transmit said digital communication
protocol signal over said single output port if said instruction is for said digital
communication protocol signal; and

a storage media configured to store said flow meter software.

Preferably, the flow meter software is further configured to direct said processing
system to:

determine a direction of flow of said material;
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frequency output signal, and process said flowrate to
generate said digital comunication protocol signal
w0 bat/0sepr esents said flow rate and transmt sBETIUS2003/026009
di gital communi cation protocol signal over said single
out put _dxgqrt if said instruction is for said digital
contfsiccditectian pf Bewdoin afigghdirectiandhgogamesttosad Gequedinoutput
: [ 0 r kd flow meter software.
- rglgt élrgg{)ﬁg?&tﬁs{glte%egoﬁﬁgt%{d software is further
confif gid dickction df flewtis Biad @e@iddingtionghey@kaie § frequency output
.determne a direction of flow of said material; 5 WO

mgg@ldg/h.g*ng?élgtyp@lp Yﬁ)‘?ﬂ502_6009 if said direction of
1 owrdisrably, helfldvwinefdt § z%rg fbhmhﬂmoggg?eatt@ F%@r% g?ig processing

frequency “out put signa ave a cyc
syfdertBto:and if said direction of flowis in a second

direction, .then generate sai.d frequency output signal
Lo ASGEREe A ULPEr SOUEEUAid 5. 5 Proferably. the flow

et @encbAt k¥R qhishcly Wutphe Ei?ﬁeﬁ hal B8 a8 HedePerit@te @8 responsive
processing systemto: determne’if a fault has
to eeterniniag saiddaulyener at e said frequency out put si gnal

havi Lned Ve .. : .
ot SR BETS AR o OBl GRPETBLS presl g pmecsing

sysiérh torRceive Saifl isthetiorc@rt kAd sidgletautslit hes trobdh dser.
processing systemto receive said instruction over
saj gredsrablyeths dopiipteomprispohinassidey rater ef erabl y, t he
flo Iy . £ . natively,
t no JFAE AP TE 1565aR RRels SNIBALGre A L2

Al t Alteatativellythe floe rhite@ompaibes ametpolusesiaflowe trate.

vol unetric flow ratﬁ. 15 Description, of the Draw ngs
The sane reference HEMbPHopoltheDEawIngse same el enent

on qthé shAMIQGRce nufilbsr relair:élsgité‘ %fe,rslﬁfig%léiheg@ bh ﬂl laSavfih GV

nmeter in the prior art. [ strates ow net er

el eE1G.dnillustrdiesd Qoriotisl idvypheten it thetpripoatts i n the prior

art Fl. 3.illustrate | aw neter electronics for_a .
Qor F%(I}Izlslﬁ}lft&w qv%ime?eﬁ e%tﬁ{r%&lg Vén%@uitlf ?Lﬁgut ports .1n th.e prior art.
| NVET.i30Mustidtés fldty bletdd SlecRbifiss R a QORIRL Elo¥ métef R dnQ®xhdiple of
flow neter connected to a user systemin an exanple

thedl_iV@@lﬁ@n-i nvention. FIG 5 illustrates frequency output
Si PRk i'llﬂst?d?esezfﬁa&g}n%leogf at@o%ollirs] oW 8 connected to a user system in

an example of the invention.

FIG. 5 illustrates frequency output signals in an example of the invention.

Detailed Description of the Invention

FIGS. 1-5 and the following description depict specific examples of flow meter
electronics 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 of
the flow meter electronics 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. ,
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Det ai | ed Description of the Invention 25 FIGS. 1-5 and
the follow ng description depict specific exanples of

w0 bewossder el ectronics to teach those skil | ePICT/HS1008026009
art how to nmake and use the best node of the

I nvention. For t he purpose of teaching inventive

9 iAxt Cotlielés -ui'un.a; abi oAal aspects of the flow

t fied o

et 95| S MDA BT S b CER s
coﬁipﬂﬁ&stah(éﬁx@l@@dﬁahﬁfer%ét@br feidd @bridlistldvmets eREr&ficd 8 Flow

i nvention. Those 30 skilled in the art wll appreciate
meteraleqiomics 29 aureaeeted ko Haye aetssisenior AR viseatio M) ta@eovige for mass

i

ﬂo?(&ﬁlf?gegtﬁﬁ% ‘r{]‘@yxsolﬁl‘ﬁe ftﬂwqa{gu{ottﬂﬁ%(? Hlég%{l?‘% r?%ﬁné} on, Erfd other information
oveopatin é6 sBﬁhlZﬁlrepresmmphﬂﬂpl_éemqmt beds teetyinyg infoiinatioh yn hmltlple
AT B, SR B, O M0 SOEEES
Coﬁo%ﬂo%frﬁetgﬂs%roﬁdﬂn%oﬁ’eﬁé frféﬁﬁﬁ’erﬁer@?ﬁi@ e g»ufclhgé’gd%trﬁf\dléo Motion

in the prior art riolis flow neter conpri ses
Of@@ﬂldétal@)kfrla@v meter sensor 10 and Coriolis flow neter

met er. electr ,
contibf BirtS s8ion 9 TR Biie B BateegTaF fad For Goaipla 102, ana

flopr tabesR30andTHS 8. TCdnnedted & fiow ERRS i1 6IA aﬂ@lwmfeldﬁ%r 104 and
rate, totalized mass flow i nformati on, and ot her

pigkpthpepgeisdRS and 495 "peitdiermperafuge peiger Hb?p rPerg@h@s M andpl08' serve
to 9 rf%l{fl RAE §P afi W }ﬂ)&g v&h?éhogagﬁhl QQ 1 (%n ’]_31 (Ecﬂ]ftes

annel s of eOMMURT Catl Ons 58 ep| cte
var Vélten fbdw artarsersonl 0 is inseeted abb & pifatine @Mein {do®¥hown in FIG. 1)

t di t.hese neasurenents nay ur chased
WA A Bl [ 5 aén@wwd Tesimajenghsnteroh e gipimaeasor 10
0P el S ol 104 0GRS R0 KBt o e

flowdubeson3Ldnds] OIBBﬂowmthrdllg‘BtBl(m ‘Eubds i 03X ardd#03@ehd back into

=19 QB SRl g R a6 nef b bRBE R S <
W arthwNubsd 008A )MH i3 Eeas Qeléét@d\‘aﬂdlﬁﬁ)r I?%ullr‘vgé B the manifold

oscillates. When fl ow neter sensor isinserted Into
10 todhgye spbrsansigHy ehe S@métmasSh dmmhunomlr@mgr)ts oﬂﬁaemm afdl elastic

el 53 A - RGR B ps gpaioo

extéfid outpastie Sotdmeni@id Memirf éiselﬁally\’ﬁ%ﬂeltfbﬁndiﬁt erial is
directed. to enter flow tubes 103A and 103B, fl ows

t hr BI9GhUPEHIP3ABEIB aws3invem by dG3e 144dn wapesite directions about their
resP&aivE Bhﬂjdfl{lggxefs W%Wﬁ‘? wh ﬁ)féﬁrﬁ:f 6%%‘5%?5&‘[%6 gggaéfogﬁdlgig mode of

roug nge ubes _
thediveneted Bmdelahmrmw can@isg anpuné efimboy whik knewm b@hikembts, such

102 to h t e sane nmass distribution,
mar%?f‘? s dﬁ% b %ﬂ@%ﬁ!&@ﬂ PPOFHE s SoRBisd o Hawdrbryl03B
ancﬁtmgwém& Wei‘%‘cmg IGRBRGE passldfor TtBatldo Bt HBG 3ubes. A suitable

103A-103B
drive signal is applied by flow meter electronics 20, via lead 110, to driver 104.

Pick-off sensors 105 and 105' are affixed to at least one of flow tubes 103A and
103B on opposing ends of the flow tube to measure oscillation of the flow tubes. As flow
tubes 103A-103B vibrate, pick-off sensors 105-105' generate a first pick-off signal and a
second pick-off signal. The first and second pick-off signals are applied to leads 111 and
111
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extend outwardly frommanifold 102 in an essentially

paral l el fashion. Flow tubes 103A-103B are driven by
wa@leoo®817004 i n opposite directions about thei rPCT/US2003/026009

respective bending axes Wand W at what is terned the

first out of phase bending node of 25 the flow neter.

Dr i Yempg@iirersgnseoifiiris sdixadjo arleast bneraffoweaibes kodfowand 103B.

[ enent s uch as..a .nmagnet nount to, flow.tybe ..
TefgEANE TGS o8 PRAB S ER! B TomuRpt ttesddgoaisy
equditidng Tt Gheglempbiaalte afthalsyREm PRI 10 WaFrRR terhSerRd®SechalsOfom

vi brating both flow tubes. A suitable drive signal is

tempsiatiesenser  Pole Rew arcte|clactpaigs 88 20, via |ead 110, to
dri W 5 105" af f.i xed. .
o K 10 R ReBPELE AR AN b o

€as ow t u
leadp phisamagl 1dh despedtiviehe Hlbwwndterrtedionive a6 prezedshe fitstbhdsecond
. of {.(he flow tubes, As féow t ubes 103A-103B vi brate, )
PICETOé sigpals Qespugple the raspiow gurdha densifys qrosher pronertyof the material
Singne ¢ donsyy s TaBhli
pas S T o R o sp e Rty 10° M omah ot ifor K aD A meter
elegitdrics 20 aN@r PADL608 & TOHz4PI0R /NS0 OByt ARBADH Figehper at ur e

sen 7 fixed t t le one of.ftlow tubes .

T O A e Hek s Bonh T ho 8 mplinle RABLAHES 201204 in
thetpeioP &k AIMFRS. O flbBanétk0endd#Ne ié BeEd@n B18cH@MIbHEdN form for the sake

equations for the tenperature of the system Path 112

of emphriss Klewpgaeter dearosicg A8Icomprisss proeasiing sitstane 2@ arsboutput ports

t regl €6t roni 6s,20. | gw net er
205004, Suipb U 20 R f 2 1y Ty B sty 308 outpus
differegin alpss apgigedls onebr ottput garths201 1204amedocdedsing system 208 outputs a
Lrespectively. Flow neter electronics 20 process the
milfipmg sigagbo s evipet Pgst 24 ditpeessiga aysiem 808 ghiputs@ disecoheliage
. e . . . .
sigil Qe At fo 20 E PRIk ine e fRbliRls RAREE Bleil itypication
protuwohsitead oiverf artpre tporir208 S Paqepdsiresystenn®it8esutpies & Gequsnce Signal or
20 .over path 26 t I.Iizat]on nmeans (not shown in i
pulgq ﬁgnai P.Vgrfblw eort30f Hpbrhdfiely’ fogmier dpcmiss ol griftegultiple
A _ ] ; i
outgR BURSDOL WA B, PryRhiibt iRy RafiigreiinBoal) Sl Bbeded for
simipleoapplidétiogsam form for the sake of sinplicity. Flow

met el ectroni ¢s 20 conpri se rLocessi system 208
and LRIT AP ei3iR lher DT o S RIS 1B HesuplhRa lower-
costithap @okv Bbtet Eledtidaics0. AMRFRWSinBEr s)sk@ItsARTe @Hg/ﬂh'ﬁe%utput port,
different types of signals over output ports 201-204.
suchyap eaipyt pryt g@% thatppipgts gutigital sommppicatipn pretasoksignedl One problem

: . ' t QU s a
w80 R4EP UL 1ROl o ERE B3R M AU SRt
coninutiest KinngooysltstynalPLfl soutelugry dysie@s Hahotomdetstaing atdigitl

rot.ocol si gnall .over output port 203. Processing
COI’E‘%?‘%?HW“@G? pigela frequency signal or pul se signal

Flo®MaEtePBiRHbNPOL tr1é04. Unfortunately, flow neter
efectronics 20 with nultiple output ports 201-204 can

be EipénHiusteteafvnmyteheleetranicss3 Rufocs Corialis flyw trieder 3008 in an

exa?n%?edgfqhé Mvention. Coriolis flow meter 300 is illustrated in block diagram form for

simplicity. Flow meter electronics 302 is coupled to flow meter sensor 10 over path 100.
Flow meter electronics 302 is comprised of processing system 304 coupled to a single
output port 306. Single output port 306 provides a single channel of communications out of
flow meter electronics 302. Flow meter electronics 302 may have one or more i)ower

connections (not shown) in addition to single output port 306.
8
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20 sinple applications. There al so exists other prior

art flow neter electronics that are sinpler and | ower-
weomi/ostten fl ow neter el ectronics 20. The fl ow@EUS2003/026009

el ectroni cs have only one output port, such as output

port 203, that outputs a digital communication

pr otfdew Im6£¢r§nm0r 1@aperples by @fmcnkmd in RIGe‘.: & trypest wek-bifeignals to

ﬂogﬁxtng{er Fflegt%g O%ﬁqvélz?z%% 26 ﬁsg%e Eﬁ %qgglﬁ%gleter sensor 10.
F lcb\Eg&&t@t s8Iy @%oﬂ@ aBO&raﬂﬂﬂfE bﬂieﬁﬁgnﬁs C!;'u&i &sﬁ‘é temperature signal, to flow

comuni cation protocol signal | ow Meter Electronics
mefer ghgegonigs B, Processingsystanad4rpesivenshepiclersignek &@n flow meter
0 f _ X
so e e Bl T, R e b8 Bhols T B g rate of
the matplialcfkowing giranglf Hovwnnfeter se@dr $0.nplicity. Fl ow met er
el ectroni.cs 302 led to fl ow neter sensor
v RTHR DG e G ARG e SOPFOHFOS 255 Hn i retyigAY swgnt signa
2 i RaPER BB LMLt LA Meral p
o po;g?traSOG iéilillnaglyl e gut put portup%ece)fge den@f %ietg&;?g&an Ses &y
sigahlthafaepresentonsingle paapesy of e ntatetal flbving thetugh a ﬂow meter sensor,

ectronics _302. Flow.neter, ele cs 302
SuC%nes SPAUHS VS SlRap Orc?osﬁﬁggl‘taia]o%?lag niﬁ RERFY Pht MP‘FW output
sigh8l 1epragines Dpilo géﬂty o4 tnaRA8l AGVNO 1B Q 88%QReter sensor. For
. PCT/ US2003/ 026009 Fl ow neter sensor 10 operates as
instpRee 4 hraeney qutryt signglomey epseseat apn@ssibw rags, gigtesn the frequency

I r ] ' \er, h rial
of e el oufin® b L Bpoon RS InORM diRe B TBlE] (%)
corhfuaizatich plosot sigis bbipLiidl @ny siggalathat reptb@bhtﬁﬁmﬁg)le properties of a
to flow neter electronics

ma e%@é@%ﬁ%ﬁ%‘w{? éﬂogfc}ne%%eélﬁ‘?ﬁeﬁlat #re fsiread by eonyepfienial digital
procEQ gl dl&\'i’itﬂp U 11%123?1@? i ?éag ﬁ%ﬁ{)ﬁ] ?ro@yc%i Sg%wﬁ Oy represent a

processes the pick-o mne a
mapsaflew odte, 4 densitgtaed bter pﬂopwtneg Iristrwgnln 3fll8®0uld&ie&fansm1tted to flow
ocessi n stem 304 SO recej ves .an
mefef B Pletit BEE Ty oy BryaEEy e dIoBumeRt gleafonios 303
di giftiadtryeQoRY NS Kabi @ﬂe@i’eﬁ&?Gﬁ’[bu@1§ﬁ?|thenTﬁl%césﬁlﬁg léﬁs@éﬁ{ 304
out put signal conprises any signal that repre
progesagy e floppratetty gemerate pdtegnéndy dutmitisignalt 20 l]ng:quancfyI awmput signal

321;]?%%;%%31@69}; Sllbro O¢18H#ﬁ%ﬁ}erf§)%%ﬁ g)/fetgq\éva n}aﬁega]i ggraﬁ%sﬁ% system 304

tralfsmlmﬂequsmcgrtmltpm sipn&B2N ovelsingle Ry p&t 3¢6.Mat eri al
fl ovv| ng throu flow meter sensor. For instance, a
fr ebd tl%%ﬁﬁﬂs fay yydigitalraeyumepeation protecaksigsal thewprocessing
f u
o g BASLSLILL B R B0t b U ORI YR s 32,
Dlgiﬁagcctrmhlunxcm;rmmabh signapB 4 epadsersts giedlove st the maeaﬂal
resents multiple properties of a

Profe RS 83(%%83%%% Al corppgiiation #rotae signal Viaversingle
out'E_lﬁ o?tan6b)S1§1ﬁ[‘S'%‘feb{%@éﬂts Biag: ke ?%ﬁﬁﬁ?élgﬂa ?Q GH Hlf%'it%ﬂ

i nst ance, di gital communi'catfon proto
conmaymp@tpmageﬁqvpolaslgnal 324, depending on which signal that processing system 304

transmitted over single output port 306. Based on this disclosure, those skilled in the art
will appreciate how to modify existing flow meter electronics to make flow meter
electronics 302.

Flow meter electronics 302 is advantageously less expensive to build and simpler to
operate than flow meter electronics having multiple output ports. At the same time, flow

meter electronics 302 provides flexibility to a user by allowing the user to program flow
9
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mass flow rate, a density, and other properties.

Instruction 318 could be transmtted to flow neter
web@ansoni cs 302 by a user who is progranm ng PCDWS2003/026009

meter electronics 302. If instruction 318 is for a

frequency out put signal, then processing system 304 20
materatesoess 862 td duwputreither 4 equeneyr autputaignabileoradigital put

signal .322. Fr out put signal 322 has a

?W@ﬁﬁ?ﬂB% 5¥%ﬁiqﬁ?%§éﬁ to the flowrate of the

mat ¢4 bAd embSRMSHSIIMEE ﬁﬁééﬂtﬁﬁi‘ ﬁ@éessﬁfg@?ﬁ@?ﬂﬁ)ﬂd@&%ﬁﬁ@& direction

output signal 322 over sin [ e out put “port 306.

of flawtafifles materiah g1 the dirgetien ﬂfﬂw t#lin gdpmvand éiaedtion then processing
W%%rﬁ%ﬁ& %\%16?% gﬁl %ue% QEQLFQ O a? éﬁgoal}a)é 8% %le%re?o%a%e 3If the

cdtion

dirpetnasfdlovsisgn ake@&é dlreatﬁ)rﬂ)lt}gﬂntpad)ceﬁﬁﬁ@mmﬁﬁs 0Dgenerates frequency
r ot ocaql SI ghal 324 represents the flow rate of the

ou f%}gn%ll 2 o B Uty ¥ty 864 transmits digital

co

por (AR R Ao I8 B S0 PU LR EEE FaBH R Wecureed
The diaytumay hayeadcc@2&] iarflodk gnetea bensomﬂm]omaeueneiemm«scs@lz or in the

oSt i CEBSRLAR ER MALE SAS Ca PLOCSSNG
ﬁe@ﬁéﬁ? o8fput BibSal 303 Gh@ay ﬁ%re(fetbﬁ%ﬁleﬁ lﬁet]{léﬁl?' 'réprHﬁv@fotde@mlmng

apprecrate how to nodify existing flow meter
th%ﬁ@htronlcs to meke flow neter electronics 302. Flow

EIEI fnPoéﬁaCt ! ﬁ%in Pg @8§nv%d é?&:t@g?ewgzs ld%fc Sﬁélpgp mgt er é’leotromcs

302 h&@%@ﬁh@&s&iﬂoﬂ iRGrudtbid thhtQar@stbidtionedrhge médial MBe SRFBctions can
tinme, flow neter electronics 302 provides flexibility

be reirigvedsad erswéﬁdll o7t wgcq;sa@r PoEre exgmples 9f dstrpetings grasoftware,
PCT/ LIS
proegil] PO AR ALl SO B of BB LiRaREHE BBLRSy ddfices tape,

dis#ts gntbgdatedaﬁmmﬁs’,l landerodrs.pThé sthctRing aal opddiondlwinexecuted by
enbodi nent, of the invention, proces % syst em 304

thepeFPAN @ Girset ARG RIGPAERT 10 GPeTRIet, 264074 Halh il BN piion. (e term
cc sl |
S R
de‘actg;n éom}azzampleh af progesiotsyare yarhpmitére) iotegtdsl citohits, faed logic
ro IS in.a ever i rection,
eyl o LS RUIFE R fhes61ng Gl Bt B P, Probt nd storege
medignal 322 to have a duty cycle above 0.5. In another

enbodi nent proceSS|nghd%sten1304 determnes if a

Exgmpletofiiow MaterrBleatronickhd IGadtY nay have occurred in
fl OP’%@% ﬁfé}lst%aecgsor 1 le (%fo V?S@olesrﬂo%v %Eer g@é o 3?ted t% user

connec

sysﬂiﬁh @06 &Eﬂﬁ@{m@% oﬂ?h@ﬁﬁ"éﬁm(ﬁg mwmww%ugﬁme l464 SScoupled to flow
frequency output signal 322 having a predeterm ne
m#ﬁ*é&%ﬁ@hééz Pk pathsi20e Flayw mstes .e}ﬁcwﬁ@s 4Q4s cognled to uSﬁr system 406

ov%&%&/}g?%é?g?\?be%&%ﬁec%nfcg 80d VD Sﬂ}gcessmg system 414 coupled

ow neter elec on|c

to a single output port 416.

Flow meter electronics 404 is configured to output a frequency output signal or a
digital communication protocol signal. A user 430 can program flow meter electronics 404
to output the frequency output signal or the digital communication protocol signal with user
system 406. User system 406 could be a computer, a display, or any other system or

apparatus that interfaces user 430 with flow meter electronics 404.

10
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302 maybe conprised of instructions that are stored on

storage nedia. The instructions can 15 be retrieved
wa@anw4exseut ed by a processor. Sone exanpl es of PCT/US2003/026009

i nstructions are software, program code, and firmare.

Some exanpl es of storage nedia are nenory devices,

t apedn pavekyp, singleegtrat polt di 6 ects bssan impalt/agpwt @os. foildime period,

[ t ti . ti [, wh ted b t . .
suf S L SEpY SiBk1F o0 it BCH st it oy op el ppre e period
aftéet b Bowbecylclty eirin@this T $@1od probdssiag %?s@éﬁi 4 8FRNS £ QiGital signals

si.n%Ire processing device or a group o
regeyasravepenRale ovipat Pyt At sYsandg 30 caniprogresfloGonerstenoniss 404 to

'y ors e ters, in rated.circuits nd .
onfigy R FGRRRY o s or TR 0P el FHGTIRE bl OB or B
opkaufihg barametcror dibdriitith et toFINCRSRO ERctréich AMBEBMsmitting
. hmedi.a. Exanple of Flow Meter Electronics - FIG 4-5
ingtyuetions tp|foyemetsr elsctepniesdidp Feequency eds mpans thatdlovwmetsr

r ; em: '
cISHin oM GUiBts b heudtRg oufhe SUALIEDIG08 e SR APl Fheter
eldctroficowd4 owper asiggimbromMAnioution fratdeoks2ghal FI ow net er
onics,4Q4 is .c | ed to user sg/istem 406 over

I .
Saf &toiﬂﬁ‘z.mgﬁhs Hmsaripd aRedgorhPRPTsE P SYstmp 4 gperaes in either
ﬂegglégfc?%%d%g)r%Yg%aﬁﬁ?loﬂé4Tﬁ@b‘@rﬁﬁ1§ hOdeeai bRl cﬁféﬁ‘(lj’ttﬂt?géra&ﬂ{etd into

Flow neter electronics 404 is configure
prengsyyug systeir fuenteyprogrepateddiygset 43« a 30 digital

co ication protocol. signal..A user 430.can..program

f 1 ol RstareR ke Rpeoung sWietn 41 Surchlies {h@idk el bignely Hom low
medéttserkor 407 @l protesbétehél pltkiodt siS@ITSHefeinidh HEW RS OF the material

signal with user system 406. User system 406 coul d be

flogyiagtwsunedflovamgies panggr 408 Theyflase res mey sapeesenira mass flow rate, a

oA EHD Al OGRS AR 3 bAAATE B

frefuerpg \watputigigna 404 based whihé flpeirhte 41 theatiteridls Féduency output signal

- _input/output port for a time period, such as 5
24565,

hiequeary,gogortiopsh fp throrew sate obfhe anaterial. Erequency output signal

424 BRYHQUIRE | PRELBod g, @ time period after a pover
cycle. During this time period, processing system 414

wai Psodessingisyyicad 14silgmnddterminacadivcetionvifiow ofitHeanaetig flowing
ort,416. User 4 can program fl Qqw neter el ectronics .

e 05 dieiariive o IPEIERC HOAL S SPG? HES i Qutbat signal

425 8hRan Thd\EFecBBL bALOW S BRIhABSal. OF tht GAB&IBntof RRERL b R&ward

_paraneters or other information to flow neter
diregtioa; thenifiequengy obiput signal 24 haswduty exele beloiwvdhs. Tfghé Hiseution of

0B P OB, 5 A RO IRk e
ExamglRabf fré@htpodutpixdesrat avsark Mapicleld @MVFT® R Processing system 414

el ectronics 404 outputs a digital comunication
trapynissEcaueRgydput signall4 tewingly euiutperd lperi od after

B e L T
ocduered, mteéeasing systan Aadpebrated Hequency output signal 424 to have a fixed, high
frequency. Processing system 414 operates in frequency mode until a power cycle occurs.

In digital mode, processing system 414 receives the pick-off signals from flow meter
sensor 402 and processes the pick-off signals to determine the flow rate of the material
flowing through flow meter sensor 402. Processing system 414 generates digital

communication protocol signal 426 based on the flow rate of the material. Digital

11



processi ng system 414 or be programred by user 430. In
frequency node, processing system 414 receives the
w@e@kosf7h2 si gnals fromflow neter sensor 402 BOMUS2003/026009
processes the pick-off signals to determne a flow
rate of the material 15 flow ng through flow neter
comnmdnatidﬁ)ﬁrotdaoé sighal W26 aép?,esmﬁt;s thefloe saabf therhaeridll Pvocessing
a _vol upetr lC fI or a net volunetric flow

sy§ip 14 Gpegiss o apa@ﬁ%?yglee%cuﬁ equency
out Qﬁ'ﬁla‘i’thﬁﬁéﬁe ﬂ%e%@@s&fh 41@%&%&\6’ cfefgnﬁn%fa dif¥etion of flow of the
mat er | Frequency output signal has a frequency
materenh dowingrthtough ﬂolwernﬁﬂeownsmdé)zcahd tih’@rmmteef a fault has occurred

Prygs SRR ALE s JRansnmo RS a0Brd el oo Rortiching the

dirdéticdcdfifony fthé hawraf of Al ebekdtah. f| owi ng  t hrough
flow meter sensor 402. Processing system 414 generates
frequency out put signal 424 based on the direction of
flow of the material. If the direction of flowis in a
forward direction, then frequency output signal 424
has a duty cycle below 0.5. If the direction of flow
is in a reverse direction, then frequency out put
signal 424 has a duty cycle above 0.5. 25 Exanpl es of
frequency output signal 424 are depicted in FIG 5.
Processing system 414 transmts frequency output
signal 424 to single output port 416. Processing
system 414 al so determines if a fault has occurred. If
a fault has occurred, processing system 414 generates
frequency out put signal 424 to have a fixed, high
frequency. Processing system 414 operates in frequency
node until a power cycle occurs. 30 In digital node,
processi ng system 414 recei ves the pick-off signals
fromflow neter sensor 402 and processes the pick-off
signals to determne the flowrate of the materia
flow ng through flow neter sensor 402. Processing
system 414 generates digital conmunication protoco
signal 426 based on the flowrate of the nmaterial.
Digital 11 WD 2004/031702 PCT/ US2003/ 026009
communi cati on protocol signal 426 represents the flow
rate of the material. Processing system 414 operates
in digital node until a power cycle occurs. In digital
node, processing system 414 can al so deternm ne a
direction of flow of the material flow ng through
flow nmeter sensor 402 and determne if a fault has
occurred. 5 Processing system 414 outputs digital
conmuni cati on protocol signal 426 representing the
direction of flow of the material or fault
information. 12 WD 2004/ 031702 PCT/ US2003/ 026009 What
is clained is:
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1. Flow neter electronics (302) for providing a flow
rate of a material flowng through a flow neter

w3 e0w80817020) of a Coriolis flow neter (300), seCTUS$100%026009

nmeter electronics (302) conprising a single output
Wgort (306) and a processing system (304) coupled to
afi i8l cloi 182 5 out put port (306) and configured to

L85 Pl RSERLS CTPRolBE Rkt 8 BB oronen o
fleaidtcr k@or @ORo4 CoAbMs AIGW eidte!(300)@id®{low nsaérttlédnomics (302)
neter el ectronics (Soﬁ%Xl s further characterized

CORHIIGINg IS PHBUISIPEE BRPY BYAProgrssing syt (Y sevnled b said single
oulif gbeé I%sg S g#&' é(‘iﬂ%ﬂé{&ggtﬂ&%ﬁveapig{ Sﬂlgfgg&golﬂ%% RAh p%lniqﬁ&ler sensor

(18)pdnd piroxsss sa0d piok-oif Ssifals maietbrrhmq;afdrﬂxw cHii¢ pﬂﬁaldsingfeﬂh],, wherein

sol e Sl R 0 B S ahismeiebre o wiersoy svstem (304

begiétda,ﬂﬁ gepl having a frequency proportional to said
["ow rate and transmt said frequency output signal

ov errecesied a igtripkien dertapliequenest outiB0Gignakerc digitdl feomaiwgication
1_|tnst ructa¥0n is for said digital conmunication protocol
p %(’&?11&? hen said processing system (304) is
c onfif g BEtrb&ioRIiS € $8idFRdqdeddy@ivtpu@ bignlOthes REH Pt eSdhdsystem
igital comunication protocol signal that represents
€ %).xa cqrfigiradep erocgprsaid Ben aate tasgangrads gild fpquency output signal having

I .

o SR 5 -G 5P By i g S oY ro%q“%%y(e?&@#@%%ﬂ

saidl sirigie dutpiteyosi (306)aankd pr ocessi ng systemis further
configured to; determ ne a directjon of flow of s

mat dF f insirpctiog;igioyispid Rgitsh compmppisaiqrpropog! signaly en sid
42

S8 T SRE L 5 SBYR0EN A

cohimrugidation paftodol si\gm'tlsthfitrre}aemtscsaﬂ ﬂ:bw e, iand frabdmein said digital

o R oL B Tt hherBhPBR Pum s (a02)”

of claim1l wherein said processing systemis further
conf| gured to: 30 determne if a fault has occurred,
fb)@h@le@r elestzonics (3egLefrrtyimoliwhereinsiaigherbcassing aystera is further
coHﬁ eﬁi rm ned frequency responsive to determning
FU°F8ult. 13 WD 2004/ 031702 PCT/ US2003/ 026009 4.

The detepineRtditechbest flombe said BARYaRf claim 1 wherein

sai d_processing system (30421 is further configured
t o: 1f said direction of flow is in a first direction, then generate said frequency output

signal to have a duty cycle below 0.5; and
if said direction of flow is in a second direction, then generate said frequency output

signal to have a duty cycle above 0.5.

3. The flow meter electronics (302) of claim 1 wherein said processing system is further
configured to:

determine if a fault has occurred; and

generate said frequency output signal to have a predetermined frequency responsive

to determining said fault.
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receive said instruction over said single output port
(306) froma user after a power cycle, wherein said
W@ eovgloz7out put port (306) acts as an i nput/ out pPC/Upn3/026009
for atinme period 5 after said power cycle. 5. The
flow nmeter electronics (302) of claim1 wherein said
4. ihsiovametes slpgirpries (382 hefsdainy | wheren seid wocsinglpstéth §304) is
fultidr ShnShied foni ¢s (302) of claim1 wherein said flow
rate conprisés a volunetric flowrate. 7. The fl ow

et eecottesald iastnesion 30&)saidf sirgdl@bupdt M%@liﬁﬁ'%'ad]séﬂ eﬁWr a power
rate conprjses _a net volunetric flow rate. 15

°ylgs Fadeigsaidsanale prputnosi{3Aoxasts asiaadnpusiontout pert for a time period

aﬁ@f@;/dlgidvpg@cfl owrate of a material flow ng through a
flow nmeter "sensor of a Coriolis flow neter, said
nmet hod conprising the steps of receiving pICk of f

' |s fromsaid f er sensor and_ processing
5. 4P AR ket P Raton 3P ofelatou VAt 6 Y Fnpapthes p mass
flogaviagk. materi al, wherein said nmethod is further 20

characterized by the steps of: receiving an
-instruction for a frequenoy output signal or a digital

j j r. Ot I i f. sai |ns ruction is
6. RO S0 QhenndiG QDRI oo o e S
voluhewic dwe ratt.0 generate said frequency output si gnal

having a frequency proportional to said flowrate 25
and transmtting said frequency out put signal over a

7. $hB%b Iﬁ&%lofﬂectﬂgﬁés (3 @g%f cfauﬁei'\?hérafitsgﬁrﬂo rate% %oggpnses anet

sal d digital conmunication protoco
volpmetrasflowmeate.sai d flow rate to generate said digita

comuni cation protocol signal that represents said

flowrate and transmtting said digital comrunication

8. Wtﬁéﬂ%@ bf gééﬂﬁtﬁ{ TRHE eft 'eﬂ:ctﬁbrﬂ% for WBMCHH%a [Pl%g'[rate%q a%natenal

The et ho a|m8furt er conprisin
ﬂogmg. thessgh o Mlogf metenswnedr ofai Corivdis dlomamgter, fsaidanehod compnsmg the

ti f.f first direction, then .
stefl 3 HKei g Bl off ebal bt A el SGear idoprigipaing said pick-oft

sigdlé 16 deyehendRUDROW rite oA8HEd AAteYR, 24D Skd Q?ethod is further
PCT/ U82003/ 026009 if said diredtion of flowis In

chagactesizgd By thecttens®f: t hen generating sai d frequency
out puLiv &l %H%St}u%tl&?fb? aq}e(aﬁel}/cy%%u? sf%ga \ot a d1g51ta1 communication

protocol signal;

if said instruction is for said frequency output signal, then processing said flow rate
to generate said frequency output signal having a frequency proportional to said flow rate
and transmitting said frequency output signal over a single output port; and

if said instruction is for said digital communication protocol signal, then processing
said flow rate to generate said digital communication protocol signal that represents said
flow rate and transmitting said digital communication protocol signal over said single

output port.

9. The method of claim 8 further comprising:
determining a direction of flow of said material;
if said direction of flow is in a first direction, then generating said frequency output

signal to have a duty cycle below 0.5; and
14
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10. The nmethod of claim8 further conprising: 5
determning if a fault has occurred; and generating

W@ 200d/08v7eyuency out put signal to have a predet RCTUSO3/026009
frequency responsive to determning said fault. 11.
The nethod of claim8 wherein receiving an instruction
f or 53¢ direciignei dpwds ipusecenddis¢ctionfthen ganesitigistsaid frequency
GREA j [ t l. Si | conprises: receivVving

Ousai d |%1§t§?]h‘g{?§%t988§rga%%ie 5; ngl e output port froma
user after a power cycle, wherein said single output

part acts an i nput/output port for a tine period
10aﬁf“8?““§%ﬂdo°afs%w§ 81 @mPESingy  The method of claim8

wheldgiefn & Lish! ﬁagtg:&&rap ises a mass flow rate. 13.

The net hod %f “clai m 8 wher élguéldssai d flow rate conprises

a v@engraiing &éﬂi fr@q/uenat eutpitdignihe et h@ﬁbd@felnﬁin@ii ﬂﬁ*eé‘ue%rﬁcy

.ei n id.flow.rate conprises a net volunetric ow

res}ggf%\?etoé%?%?m%%‘gfﬂgre product for providing a flow

rate of a material flowng through a flow neter

sensor of a Coriolis flow neter, said software product
11 Shpmetiod ot glaim Sralepseinpenetving amirisgustiod forsasd freguency bdpat signal
. and wherei n sai d. software product is
o ?Efﬁ?‘ﬁleé%%}@?%%’? é)??tg(éo SHpal Somnprises’s | ow neter software
c onfdegivirgthaiwhi@Bnexios ot & baldysids]1® 6@@3%1‘?@01?1}65{?@1‘%& a power
Lgl rect . thg processing systemto receive pick-o0
A dﬁﬁr"én P16 Fingls Qutnut port els &p 2w Epstioytppi oS 2 Smietberiod after said
powér&yeRf f signals to determne said flowrate of said
mat érial, receive an instruction for a frequency

out put signal or a digital conmunication protocol
generate said

L.gnal rocess_said.flow rate to g

12.¢ lgeq‘f}g‘?t}8§ Ogéﬁ%{g et Pt Jowigtesompaigessrimgss flow rate.
proportional to said flowrate and 30 transmt said
frequency output signal over a single output port if

13. sBhedmethed pfielping B wihsrefiosaid et rateroampeinsys iliirpettic Fiognate.
and process said flowrate to generate said digital
comruni cation protocol signal that represents said

14. fThewnethd@ oBe16lint 8 diMersid sapi1Gw Fat@ichA ﬁ%%@v&lﬁﬁ{f:&& flow rate
protocol signal over said single output port 11 sai g rate
instruction is for said digital comunication

' . 2004/ 031702 PCT/ US2003/ 026009
15. RSO RE R pRidietor pibvidlfe FHGY e b Al o5 igh gy meter
senspepéa Corblindlow meterf siid Aetwaré pRIduBLERbrist o fGGke @@aiq
rocgﬁiln systemto: determne a direction of flow of
conBgngd rustet ow mefer safivare and sdwereimsaid sdftvome peoduet ia further
Chmfa'bteﬁge(p{g}r:ecti on, then generate said frequency output

the flow meter software configured when executed by a processing system to direct
the processing system to receive pick-off signals from said flow meter sensor, process said
pick-off signals to determine said flow rate of said material, receive an instruction for a
frequency output signal or a digital communication protocol signal, process said flow rate to
generate said frequency output signal having a frequency proportional to said flow rate and
transmit said frequency output signal over a single output port if said instruction is for said
frequency output signal, and process said flow rate to generate said digital communication
protocol signal that represents said flow rate and transmit said digital communication
protocol signal over said single output port if said instruction is for said digital

communication protocol signal.
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signal to have a duty cycle below 0.5; and if said

direction of flowis in a second direction, then
w@enaoat7e2 sai d frequency output signal to haveCHUS2003/026009

cycl e above 0.5. 10 17. The software product of claim

15 wherein said flow neter software is further

configured to direct said processing systemto:

d t . d
R el S RS A B B Rl

coﬁﬁgqabtw@rdcew@pmmlngtspst&@ttsf mning said fault. 15
product of claim 15 wherein said flow

rlrgt g;gggfq%@éﬁ%ctl@ ‘?ﬂﬂ‘t"h@fsal‘tmﬁﬂ@hr ed to direct said
pr o¢esRd HEQecﬁXﬁ bEALY ‘?s in e@fs‘t H1?ecﬁgh dchérpg el%?éé oc\*/ueeglcy output

sai d single output user after a
Slgny]ctbél,aveawiatymynleé)a]ow&smde out put port acts as an

ot R Piol 3F hek ekt sherutenetel st eauency output

sighblletd @lae & ah tiewbswrt@es.conprises a mass flow rate.
gvztll('il)l The soft?v‘\:gre product of claim 15 wherein said flow

rate conprises a vol urretrlc flow 25 rate 21. The

17. S ?BE %ar 8 POd(HlC{ Q/focflad% r | GI' elfll S \%rffolg{]glsﬁ f{wa%\évlsr glrtger

nprises
conﬁgured to dlrect sa1d processing system to:

determine if a fault has occurred; and
generate said frequency output signal to have a predetermined frequency responsive

to determining said fault.

18. The software product of claim 15 wherein said flow meter software is further
configured to direct said processing system to:

receive said instruction over said single output port from a user after a power cycle,
wherein said single output port acts as an input/output port for a time period after said

power cycle.
19. The software product of claim 15 wherein said flow rate comprises a mass flow rate.

20. The software product of claim 15 wherein said flow rate comprises a volumetric flow

rate.

21. The software product of claim 15 wherein said flow rate comprises a net volumetric

flow rate.
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