26 March 2007 PROGRAMVABLE CORI OLI S FLOW METER

ELECTRONI CS FOR QUTPUTTI NG | NFORVATI ON OVER A SI NGLE
OQUTPUT PORT Background of the Invention 5 1. Field of

the I nvention The invention is related to the field of

flow meters, and in particular, to flow meter 26 March 2007
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by the flow meter electronics. The phase difference between the pick-off signals is

30  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




26 March 2007 electronics typically have nultiple
out put .ports or nultiple comunication channels for
outputting the mass flow rate, the density, or other
~information. For instance, typical flow neter

el ectronics have a millianp output, a discreet volGMgech 2007
output, a digital communications protocol output, and

a frequency output. Each output has its own physi cal

5 port. The flow neter electronics with nmultiple
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out d@EaCES}fSteeqmgyrtemﬂcF‘us}(semg,lﬁaﬁ argcosl efffeogiiVT for lesst comtplex

co on protocol signal over a single outpu

port: Bf’rc%e ’hventi on advant ageously provides flow

nmeter el ectronics that aSwmohgegfdhe aoldtigetter suited

for less Tﬁé)iq%n?ityﬁn ﬁle[fg sioﬁzgttﬂeoaggﬁ?e p-EIO'][ﬁCIglL Mt flow meter electronics that can
30 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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neter electronics are also capable of irftterfacing with

| egacy .systens with the frequency O k 26 March 2007

out put signal or interfacing with nore nodem systens

with the digital comrunication protocol signal. One. ..
enbodi ment of the invention includes flow nmeter 26 March2007
el ectronics for providing a flowrate of a materi al

flow ng through a flow neter sensor of a Coriolis flow
nmeter. The 5 flow nmeter electronics conprise a

pr ocessiongusyshboniatathchgstihGhee I8P bysR stwith th€digital communication
processi nogocoyst en receives pick-off signals fromthe

fl ow nmeter and processes the pick-off signals
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port. | Feo AR bR Sinin el erHichg S;»Eo%pqigg%ﬁé’mmcesses the

det er nfloe satatogeneeat i d@tﬂfcowcﬂfonbﬁﬁocoﬂﬁéﬁﬂ 2 reprb ents the flow rate,
t he d| %tloltsq%éga#c in a forward, direction,

the processing oy YFEhFoganUrdeRerolRd S?ﬁ“@q‘l)’éh‘é?s%? le’utport
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det er HoNes™ afm"e“‘reéqu‘ttmthsn e BroreBRE syFiFe asneseies e Aigauency output
syst eniggs et esufyReci slegeenscy out put signal having a
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.S¥st gon pit@\ld(ﬂlhgd flo® r@@bfh MmbBSAl AoMhg RitbuddO foviRbter sensor of 2 Coriolis

conf | iyl e(Ier sazd flow meter electronics comprising:
a single output port; and
a processing system coupled to said single output port and configured to:
‘ receive pick-off signals from said flow meter sensor,
30 process said pick-off signals to determine said flow rate of said material,
receive an instruction for a frequency output signal or a dlglt&l
comumunication protocol signal,
if said instruction is for said frequency output signai, then said processing

system is further configured to process said flow rate to generate said frequency output
3



recei ve pick-off signals fromsaid flow*neter sensor,
30 process said pick-off signals to determ ne said

flowrate of said material, receive an instruction
for a frequency output signal or a digital ,
comuni cation protocol signal, if said instructi o March2007

g for said frequency output signal, then said processing
f systemis further configured to process said flow rate
to generate said frequency output 3 26 March 2007

si gnal Vi.n . frequency. proportional to, said fl,

70 o Bl By e PO ioBE IR IO o S o guency outpur
sai dsighdlghe saidtipglt opphtportasxd i f said instruction is |
for said digital.,conmmuni cati on, protocol signal, then .
said pr ocessi‘%ﬁ‘dﬂ%’i“gfﬂ“ii%%of EFr“iﬁ‘ aIEWFﬂﬁ%@B Pf°6°°°F signal, then said
pr oc gdsessiag shsfeldnfurttecohBugaied Hadcess S#d dodtirge toodenérate said digital

comuni cat.i an protacol sjgnal that. resents said .. . .
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pr ot emwhursdagtioprotovd fsigadiotlerskid gingle@uipptgortpor t .

Pr ef er abl t,he processi ng syst is further

conf i guré%éffrsgly’ tgeeqrg?erﬁ‘?\geg' te%‘i‘?@ﬁ‘?r@ﬂn# 9w of said

nmat er i al detefmifed dircdtisresftfioonofedid tdaeislt s in a first

direction, then generate .sai.d freqguency output .. 10

S onal o B g GO iR B s ARG 5ok gty S frgpuency output
th r esignalat hofe afduteytis belowd. Beadnd di rection, then

gener at e, sai.d. frequepcy. aut put i gnal .to have a.dut

Lo & aniioRa g SHPERGY it s Scbua s e st Bigititoncy output
f ur tshail t6 a2 gutygicle@bovedst ermne if a fault has

occurred; and 1 enerate said frequenc ut put si gnal
oo P Be ey e ARt T

det er m ndesgminaiifth falthis.ockr@bamabl y, the processing

ystemis further configured to.receive, said .
Bhot r uct 48R gUd freduney QTG Feaa) iR s BIETFapp Esaisagy responsive

Pr efdetbhiningtshie tfdltow rate conprises a mass flow rate.

20 Alter ively, the flow rat onprises., a volJunetric .
flow rat%%%rawt T HRETSV8E yfs‘WégF&B‘i?‘)’Fé%e‘jc‘Bﬁ?fF}v§ &4d gstruction
net oxep b Bhdld uthlt @¥¢ Fdine. usdnOt her aspect is a met hod

of operati nglrfl ow_neter el ectroni ci?for provi ding a

flow rardedhly-dheaewerataromprissiatiest A%idh a f1ow meter

2¢ensor  Qfltemainly, elel ol laRWoliBHRE a vélahetribBbROste.
conpri si ng the steps of 25 receivi ngl pi ck-of f signals
from SaiAéit F’Ftb‘(ﬁlyngleé]rowsréﬁ§8'?‘?nses a net volumetric flow rate.

Another aspect is a method of operating flow meter electronics for providing a flow

rate of a material flowing through a flow meter sensor of a Coriolis flow meter, said method
comprising the steps of: |
25 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
30 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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processing said pick-off signals to:detérmnine said

flow rate of said material; receiving an instruction
for a frequency output signal or a digital
communi cation protocol signal; if said. instructionis

for a frequency output signal, then processing sat@March 2007
flowrate to 30 generate said frequency output signal
having a frequency proportional to said flow rate and
transmtting said frequency output signal over a

si nglfowoatepod trgihittingsatdl diditad &bt bd4srblo@] siglalloEr said single
sai d Ogl'{sugi to%l communi cati on protocol signal, then

processi n‘b "said flowrate to generate said digital

conmuni caPreferably; tit aetlod SirgieAdoniphigds: I epresents said 4

26 March 07. .flow rate_.and trapsnmitting said digital
conmmuni ca C?W&dgfgfoné’faﬂ'ﬁl&wg?‘a@%kd gi ngl e ogt put
port. Pref sidditeytiont df@lowas it i@ion (B ch&BSig said frequency output
determi ning. a H%M&F o&__fl w of said material; 5'if

sai ddtT ectT ohUBY HTeRHP P4 first direction, then
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ut £ ow 0.5: and,i i irection o ow i s
in Z\OU eugcsnlﬁnoa?g’ll}ag%??%?y Wﬂ"@@g'er ating said frequency

out put s iPgafeakbly, chehBatbodefudlisr YorGpride® above 0. 5.
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eternining gt HAEIBEE AT ed; and generating

sai d freguendyg aid Piquerdty guMLt S 1AGind a Pre@etiihdd MQHency

fre?ééegc etOr%ﬁeoonslave. tfo determning said fault.
Preferably SRSB4 t her conpri ses recei ving

said i nsrmi‘amblyome @iethiod Siitther Onipeik® receivin@Whid BEchictfon QW Baid single

user . 15 Preferably, the flow rate conprises a nass ‘
flow J]éttpé)ffﬁoﬂﬁ‘g?nat ively, the flow rate conprises a

ol urret rBrefefabigythé 86w rate Aripeisfad thase Byw rithie flow rate
conpri se ! gee&'vol netric flow rate. Another aspect
{FEHPBYDY- S

is a sof ¥ IR5CORPEYS aivRgmetie Hewratat e of a
mat er i alAllehnauieg thetfhad@Rophiled WndRbRM AR radl 2
Coriolis f]low neter %g%g sof tware product conpri sing:

20 f1 ow RIS 2SEESH IS Rap VD PROLRR! £ raniing acfleve tatecaf amatesial flowing

pr atesgi Nfpve yisteethiod otk CEdlisiHoe mddr QGRISSINEre PYHL& o Prising:
d ecei veﬂgl ck-of f. si gnal_ls fromsaid fl ow neter sensor, =
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fr eg__gergc_y ou&fp t s_ﬂgnal or a digital communication

pr BI6E8 &8Pl frafeterping sud fow 43ty of 12§\ ngteriab recsive an instruction fora

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

25 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
cornmunication pfotocol 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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generate said frequency output signal having a

frequency proportional to said flowrate and 25

transmt said frequency output signal over a single

output port if said instructionis for said frequency
out put signal, and process said flow rate to genelaMarch 2007
said digital comrunication protocol signal that

represents said flowrate and transmt said digital

communi cation protocol signal over said single output

port if sgisglgaRshibyGEHRN:k: .sal.d digital .

comupni cat i on pr ot 0co &gllséf?]% :;%{ %ﬁeghg‘bqgg&rﬁ%eg%‘dnfée&lle&my output
conf g &ihave 2 §uiycrcle bilew PlSoendmet er sof t war e. '
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det eflFRghE hevein fety eyddmabore §.60w of said material; 5 26

Mar ch 20Q efedably Sk o g6t X i $ 10N [ 1 1 St. .
direction. then gener g{ee?g(jél % PTO%ggruh%%\%of%%ulffdpﬁtdfm?isﬁﬁﬁpce‘“mg
to h¥vemdo:duty cycle below 0.5; and if said direction

of flow iggeinin@irs 8amids QicheSt Lon, then generate said
frequency output signal to have a duty cycle above

0.5. 5 Peeraiasdfreounsy olipw sestidraving hipwaleermtisedf frughddey responsive
confth etk RfhihPsafl Gt Sai d processing systemto:

determne 1f a fault has occurred; and generate said

10r equenclrerbbuthedlogrradtertsaftivarg issfupther desfaurddnedirect said processing
fr equency LR termning said fault. 10
Preferably, the ??n\oé\?vucnntg?g?&és%?fmqfé’gtpg ROF oL} user-

conf i guriaterablygthe 8ow refa compisecemsisilyw rayst em t o

receive gathavast | er. . sai d. si ngle out put port
froma user. Pr g’ftféérjgﬂ %?e %@ = 3v?1’°1r“5[f°§%ct£°r%ﬁa{es es a

mass f | cWiematively, thd Fao ratet owmphiyes atnbievolinoatrie Bdverate.

1€onprises a volunetric ow,r at ternatively, the

flow rate conprises a R%%m 5 ﬂﬁé@?iﬁ?laﬂne\?v rate. 15

Descr i plhesrmsfrefetecDnmbiengpredtne thasmnerebdrih Bl drwiRs!
represeps 1t l; t on all drawings. FIG 1
illustr a%(zsl fg%fﬁré?%ﬁgrsﬁf%wnﬁ%?é? e PPRE or i or art .

FIG 2 FIG gstustuiesiléw omteneibaroniet Batingniltple bawiti@rts in the prior art.

mul ti pl groyt orts in th rior t... FIG 3,
1 st r SRR ROR Sl 2B B « ot fayneif a a prgmole of
20ethernventiom exanpl e of 20 the invention. FIG 4
illustrgates: xampl e aof riolis flow nete
connec t@ ? gﬁlgtrtﬁ%seaggg%/m q%ﬂf‘ 3 %nohs flow meter connectec{to a user system in
an example of the invention.
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FIG. 5 illustrates frequency output signals in an example of the invention.
Detailed Description of the Invention
25 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
30 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 exampies described below, but only by the claims and their
equivalents. . l




an exanple of the invention. FIG 5-illdstrates

frequency output signals in an exanple of the

invention. Detailed Description of the Invention 25

FIGS. 1-5 and the foll ow ng description depict .. :
specific exanples of flow meter electronics to t2aMarch2007
those skilled in the art how to make and use the best

node of the invention. For the purpose of teaching

inventjve principles, some conventional aspects of
t he fh—@%ﬁﬁﬁ@&b&éﬁﬂéﬁw ! - been sinplified or
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and through which an alternating current is passed for vibrating both flow tubes. A suitable

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 103 A and
30 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 11 and
I11.




20 102 to have substantially the same nméss

distribution, monents of inertia, and elastic nodul es

about bendi ng axes WWand W-W, respectively. The

flow tubes 103A-103B extend out war dl y from manifold

102 in an essentially parallel fashion. Flow t ubek March2007

103A- 10313 are driven by driver 104 in opposite

di rections about their respective bending axes Wand

W at what is terned the first out of phase bending

nmode of TeEperdhue fenewyl fibiseffixeidid atdeastkidd ofifiow mbﬁmossand 103B.
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[ IG 2 illustrates flow neter electronics
GQ?FléLgpﬁilga%ﬁ) % | pl e output ports 201-204 in the prior

art. | 'ﬁhﬂ £ 1:0) ez;stsfolﬂmmpzﬁmtaﬁrﬂoaan&e:r eldBohiss e pre@hﬁpieﬂ ﬂ:d lower-

b Laar formfor t cit

e Bl AR HELRis0 R0, D BB SprebeadomRyids i aro ipu pont.
asigh esioypt me E@S thanﬂﬂpu?s(hﬂdx gitdl bpminuicdtios prdtbtel2halTedbe®: problem
up..pat Process ystem 208 o ut s

PR Bk e gP b Bt igsaPs BIbH b ey e S il 0.
F!rowmsman@ pry@tcﬂ Hilgﬁ:ﬂ @ndsdnplegach sds&mmb nbtauiPersthgidigital

Y u%Ll,I Processi ng system 208 out puts a

t
iScreet gna over output por
di- °“o‘f g B gnal t put t 202.
Mémgcﬁmm out puts a digital comrunication

0 0 068 SR, Y7 bR ROSly 203 RS 200
example of the invention. 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 power

connections (not shown) in addition to single output port 306.
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pul se signal over output port 204. Unfoftunately, flow
nmeter electronics 20 with nultiple output ports

201- 204 can be expensive and may have nore
functionality than is needed for 20 sinmple. . L o
applications. There also exists other prior art fitMarch2007
nmeter electronics that are sinpler and | ower- cost
than flow neter electronics 20. The flow neter

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

port 203, Flohratetapsinpartld operategas debcribedTHUNG C Al tQRsmit pigk-off signals to

pr ot @g@lmcd robI em W th these types of
met er elnéctrrg%%dglstsol‘?@? ﬂae%/asé“é?ﬁ '3 o fhgsugh Bow meter sensor 10.
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10metPfgg smsnl n?O st em 304 processes the pick-o
signal § Jet er’iatEera o 1 piyossmening flowy metepglectronias 302.

f1 owi ngf inhmug’m 18liofr MBtQIenSERRR: 5idbh, tEJn%?ﬁ%in?g stem 304
20 SYRb&M394 AlSo recei ves an instr uctjon 318 fo :5 _
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[Er)énsréll[s%l t hat &Bﬁsgms a single property

nat eri-al 1 o ?ﬂjp“ltﬁ gh- V¥ FiagepRParPesdiGor, 10 such

as a sHusstrectivaBes SifeHiaigil canShshsioh Falocdis Ql then eﬂ- cessmo

e of th requency output Signa pres
p% o%é% ?@P’?“%f%‘ﬁ? E?‘i" e o 50F A 21digiieh Rgmuninichtiow praedl Slonal 324.

25 sPigef confemumicaliohSir@to&® sicdal Bo £ ﬁge?%%sntﬁfﬂcg# %ar;eZd 531%%%3}}%%

r%@&gr gg %yesaag{f%g S&@:f*s‘thot\'lsv gfrggt}qe o%unﬁﬁagguﬁpt‘p@m signal 324 neer single
st pbid A0, Hignal N6kt either frequency output signal 322 or digital
comumunication protocol signal 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.

30

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




conmuni cati on protocol signal conpri-ses *any signal,

that represents nultiple properties of a 15 rmterlal

flowing through a flow meter sensor, that can be read

by conventional digital processing circuitry. For .

i nstance, a digital comunication protocol signal Zﬁrﬁ!ﬂl’dl 2007
represent a mass flowrate, a density, and ot her
properties. Instruction 318 could be transmtted to

flow neter electronics 302 by a user who is

pr ogrRaRTelsgrdnied0ret carpuetithet Bejuetey 3ehut dignal 302tok U @ldiQN

318 icsmfb@hicioh BRSNS ,put si gnal , t hen processi ng
system 304 20 r0Cessee “he flowrate to generate a
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si gpRle.H24, dependi ng on which signal that processing
system 304 transmtted over single output port 306.
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0 er erate.than flow neter
el eag?grrom cs’ av n“m %?rr“ f’gﬂ’aﬁﬁsﬁﬁfmﬁ%‘? frgdia g memerisdgtices, tape,
t i regsks. ﬁmtcgmatcdratmrs ehmwecm TS ind@dctiohPdatk Gﬁe‘iaﬁcohﬁ wghkeh EdebYied by
rogram f | ow

Eﬂt#’%%% p%a‘? ]_%C tshe user to @

7 EEPhitPEradpa Brdo‘u#ph% ingentiger The term

fr eiqueqa@;f mfﬂrqotuta sﬁﬂ_@m@dceﬁi&& davicord @hlds uﬁ&fﬂﬁ%‘ah&ﬁi hBkssing
e

20P" 81.060! s sl anal. ]3 In one enbodi ment of th

i nVent i on DT orREs PRGSO IR UE: mtsHassirguits, and logic

d i ¢imwitiyoThowfskilledin the art 4re famBti il insthttiddd Srebeds6G! dnd Yorage
of wis in a forward direction, then processing 5

Sys ém 304 generates frequency output signal 322 to

h dumnplediffFiowcMeleeEbatonws 0.F5G. 4-§ the direction of flow

isin 165 6 ? e directi f)n, t hen_ processi % syst em 304

gener at €3 %3‘3’5?\ & cxagpie s £ Copgiisdiowsmstey #lisanectad i uper

cy:r;#ten &@ﬁ)mem@*{sﬁnplé & theiat difion CRBR i@ Rlecrdi Q465 ﬁ'c@ﬁbled to flow
ttegggtégr et er r_ﬁﬁ Jé]f a fault has occurred.

f ShT Ry \% 88 O YT SCUES 404 dsroupledi g usmsmm 406
netr@rpaiél@ﬁt Flowinuser 332trords 408 istddRprided off ?ﬁ@éshHEsy(sﬁﬁlt-‘#H coupled
shg vléﬁ.ﬂrp ‘i? o flow meter sensor 10. Processing
system 3 He :

Flow meter electromcs 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 <J6 could be a computer, a display, or any other system or

apparatus that interfaces user 430 with flow meter electronics 404.
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frequency out put signal 322 having a prédeternined

frequency responsive to determning the fault. In

anot her enbodi mrent of the invention, the

above-described flow neter electronics 302 may be _

conprised of instructions that are stored on st orégMarch 2007

medi a. The instructions can 15 be retrieved and

executed by a processor. Sone exanpl es of instructions

are software, program code. and firmware. Sone

exanpl es of Orstetseniyge singld PRpR TR i\ iS00up it 3R for  time period

i SKS. sukhiseOde L : ervers. The T

i nstructions g‘%nggoﬁp}éﬁlgﬁ%%gfﬁ%ﬁe %8St BPRKputRupgort for a time period -

pr ocesSET 2 Ry etifycle Durine thiy timepaiod, froceaiiysiéten 414 5iEI6 digital signals

R G TER B LA A
or

singl e processing device a cagprogram flow meter electronics 404 to
i nter SBPEF i Frenercy prode ersd gitag nidOe, delvd: oRSr opSRtiBs GRAR bESansmit
d

of pre I . integrated circults, an
oot ¢ r o B P U i Rnsdel 1 RO s fipeiiopies 404 By transmiting

fami | IPAFuCiPasto flpw meter eledtmmics go4 CREQBAS, mRGheshhAIB W meter

medi aelEapR: f4 lectranics - FIG 4-5

FIG 4 illustr g{lgglsg\éﬁegﬁ%ﬁ%P‘g”‘g‘ﬁ‘g&g'cPWW medemengs that fgw meter
400 CcOFfRRFE4obtpats asligitalBneysicaionRbiotd sigmiexanpl e of

tie i nventbidvind er. el ectronics 404 is coupled

to flow net erm"sﬂggﬁ‘grg%éfg% ag)%\?re?owﬁél% p&?ﬁsmgﬁbﬁ@%{)“e}r’emm in either
el ectifegtinesmadupridigitelougdes The opaisting nsys E B4R auR ¥Rlerammed into
pat h pAéssink s T8 troni.cs 404_is conprised of

pr ocess| rﬁlngg‘f}st emyﬁzgh%%rﬁmﬁd%ﬁfscéﬁé#ngl e output port
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1 ow! ' fiEfE faretize Bow orsier sendGrH02t Thofid P tike hflBrebeQALEREN flow rate 2
out Pkl @i e, L1l L4 Bk | ’
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signal with user "sys

' em 408° %PE Efte-s Veoressing Seteabiilddeherates

a cOTRIUEEY outputdigegl4dy pased omthy Aowhet oSHs kLA Frequency oumut signal
appa;gag&s‘“gag%ﬁypr%g‘g%gg% [gsgr 4300fv(§llet h flow neter _

el ectronics 404 e ivliras Bl Fisquenpneitput signal
t(;_ut 6&%%3@?;:@11@«:?&@09%% igput /S_out IOUt p?rttfor ? 16 .

2bi me perp.gd.;SUch.as;, 2. seconds. Single outpu ort 4

al so acts asm%nusg/l ﬁ%u‘tl ?8‘&? ?}?m‘b'&??dff?ﬁ“o’éoﬂ%‘?f ngfgrial flowing
af t @‘fouﬁj}i Hovwereter yab@.40DUPiobgssin byitchl 18 RRIdtQ%requency output signal

pr 0&%%%&@%&%%%&904%%3‘@(%&ﬁle%g#epﬂﬁ' tal, signal s

recei ved over singre _ bthe disestionoftflaseis in a forward
pr ceatinnt thomireputey oetpacsigraniDithad § dutl @ycde UMW &5 C1AtE: direction of
ng

fr gpaeRce r..digital node, select other operati
opti o n;g ?y%grgpét;r&a(ﬁrsec P ﬁ’S‘béF‘ﬁ’F?%@“B’&F Aghe! Eridiape dwy hedle above 0.5,

25it nfEgamples efrfreguenty ?WIJW?@H tﬁ? %tdléﬂﬂtie@ ﬁltP‘}@.A'S. lbl)i-oct:essinrﬁ system 414

I @S ructi o flow neter electroiiCs

404. é%‘é‘qugné’?‘ﬁ%’ émﬁ%ﬂﬂgifoﬁ SR Pt EE- el ectronics
404 out Iﬂ;’g@egsxm fystemj 4@ elgo Aetbrties S 0Bt has BEbAl If Q‘Pﬁﬁ has
ME§dRSrrkd) ﬂocgskiﬁgvsﬁgne

414 generates frequency output signal 424 to have a fixed, high
frequency. Processing system 414 operates in frequency mode until a power cycle occurs.

30 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 407. Processing system 414 generates digital

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

11




el ectronics 404 outputs a digital conmuriication
protocol signal. 10 Following the tinme period after
power up, processing system 414 operates in either
frequency node or digital node. The operating node can

be a default progranmed into processing systen14¥ﬁNE¥fh2007

be programmed by user 430. In frequency node,
processi ng system 414 receives the pick-off signals
fromflow neter sensor 402 and processes the pick-off

Si gnabsuminicatioh eroedctlesighafl 428\Wepradetts ffe ﬂBQ@athf' t?l enaltl %’rocessmg

flo t h f]OM/ ter sensor 40
naym%%%?%ggn gfﬁﬂﬁ?%?%apﬁ“VSF@H%FWSC fl ow
rate, or Jadigitl Imﬂewa@ixﬁg s 41815 als%rdgﬁﬁ&lgé A gsééc\ﬁgl &F%ow of the

414 re ncy output signal 424
(o PR e robetfotberer shsor ot dregaion s Gmitdng pasred.

4194 lhasesang systemelde yutpiito piafthll c@ﬂﬁlunﬁ:ﬁmb B?otééopgggaﬂ'% rg}t:resentmc the

| EEZVH%+ (%hiﬁFéggu?§”%§@%?$Ut SI%W@ sygfgn1414 al so

determnes a direction of flow of the material flow ng
through flow neter sensor 402. Processing system 414
generates frequency output signal 424 based on the
direction of flow of the material. If the direction of
flowis in a forward direction, then frequency out put
signal 424 has a duty cycle below 0.5. If the
direction of flowis in a reverse direction, then
frequency output signal 424 has a duty cycle above
0.5. 25 Exanples of frequency output signal 424 are
depicted in FIG 5. Processing system414 transnits
frequency out put signal 424 to single output port 416.
Processi ng system 414 also determnes if a fault has
occurred. If a fault has occurred, processing system
414 generates frequency output signal 424 to have a
fixed, high frequency. Processing system 414 operates
in frequency node until a power cycle occurs. 30 In

di gital node, processing system 414 receives the

pi ck-of f signals fromflow neter, sensor 402 and
processes the pick-off signals to determne the flow
rate of the material flow ng through flow neter
sensor 402. Processing system 414 generates digital
comuni cation protocol signal 426 based on the flow
rate of the material. Digital 11 26 March 2007

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 deternine 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

i nformati on.




12 26 March 2007 What is clained is: 1. Flow neter
el ectronics (302), conprising: a single port (306);
and a processing system (304) coupled to said single
port (306) and configured to: 5 process signals from
a flow meter to determine flow neter data; gener ad@eMarch2007
frequency out put signal having a frequency that
represents the flow nmeter data and transmt the
frequency output signal over the single port (306) if
an out gyt éygtlon conprises a frequency out put
|nstruct|on generate a digital comunication
pr ot ocol- Iﬁqvgmaﬂerqlh:atlmm{pﬁ%ssmssmgte flow neter data
10 and tran§ g ? 59 4al communi cation protoco
signal over t port (306) if an out put
i nstructiond E@Pﬁwm@ﬂa (MY taupled toopmidisinglopoit 6396bandsanfigured to:
i nstsructi on. mgsé |nE&§:
Sal & gr?ﬂgécﬁr&ﬁ Ghol fo%te&ﬁtpg ﬁgﬁ}ueﬁ:i data;

claiml vvherern essi ng temis turt
configured to: B@%Wﬂ@yamawmmeﬂnm fréquengy dlfat represents the

sai d MaAbR et dath fndSAh&hitht g&gﬂex?c:} gg uf i dver I!h@sr@é féths(‘%%} if an

direction, then generate s ency out put
to havé“t&“éfﬁwheyéq@fﬁﬁ adfypanensy owpiy igstruckigiicindi r ect i on

of flowis g'eﬁbrﬁe§$§@d7@otﬂxhﬁrﬁ%b9ﬁotoﬁ:&%&nﬂ%ﬁ?fcﬂe§en&qhgﬂowmcterdata

frequency out&ul . Signal to have a cycl e above
0. 50 otndan ﬁ@t@wepeerrp@mléwl@swyhemngtq Rert3Q6) if an

wher ei dutRRinstrRh QRIS aWpHhEBnntmicktioh dGiput in@REsUT ed
t o: determ ne if a fault has occurred; and generate

sai d frequency output signal to have a predetern ned

f r equen e HEW BRASP bGronies (308) dFelafh MWhkRf s2id Gysteth is further
The flow meter electronics (302) of claim[l wherein

sai d PAEEEEt%ig system (304) is further configured to

reiGei Ve anddedhiinic a Airilidh of fvwPoiaRidferdl; N9l € port (306),
with the input . signal inc|udi ng t he out put

i nst ruct i dhsaiddregtiomaes How|inif arfisgt W‘@P@)é’ﬁlmt’é@e gsid freaueney output

| whegighal to3abéla MitPEREYelb B3 2hgm i s further
configured to receive an_ input signal through t he

si ngl e porfsaididirestionof fow irdn a soep iqppthesp eqriergte saifl fsguency output
a POVinalis Gh& L8 lycleWhbdvd olshe i nput signal including

tge out put instruction.
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 predetenmined frequency responsive
25  to determining said fault.

4. The flow meter electronics (302) of claim 1 wherein said processing system (304) is
further configured to receive an input signal through the single port (306), with the input
signal including the output instruction.
30
5. The flow meter electronics of claim 1 wherein said processing system is further
configured to receive an input signal through the single port during a predetermined time
period after a power cycle event, with the input signal including the output instruction.

13




13 26 March 2007 6. The flow neter el ectronics of

claiml wherein said processing systemis further

configured to receive an input signal through the

single port during a predetermned tinme period after

a power up event, wth the input signal including&March2007
output instruction. 5 7. The flow neter electronics

(302) of claiml wherein said flow neter data

conprises a mass flow rate. 8. The flow neter

el ectrg S (Smﬁt) f cl a|m1 wherein said flow neter

data c rrh'ﬁ? v er laine { shereigisgid progesyng sytemoris Biggher

net er  ebrifigiufed Wi récive &O&butcefgn@nl tmoagﬂ th¥\isdlSlort diAhda ﬁde&%rrmned time
nmet er dat ﬁonprlses d‘(A}S‘ lunetri¢c flow rate

A ot h O A OP B G BPN SIEBH GBI G vt mstuction.

conprising: 15 proceSS| ng signals froma flow neter to

detger oW ener.at i a frequenc :
ot put 5 AR e E e 0T GO el SOB P comprises
flow mesdowdata and transmitting the frequency out put
signal over a single port of the flow neter

el ectronics if an output instruction conprises a

f r equeaclhe ﬂuW;mﬁer electtoni¢s (30D)f chitdl 1 ghereinahitl Agw anethr Jith admprises a
cormurygg} tocol signal that represents the flow

net er ataaa‘transmttlngthe di gi t al

cdfmuni catl on protocol signal over the single port if

an oyt pyt 41 st {i on

COFTTTU%I She i 8{ g i ﬁss@%&f Sle&'ﬁ“ ?Ygerg'?’ﬁaé& fly mstyr data comprises 2
cl ai mégi0rolumetricdlowemtepri sing: deternmining a direction

of flow of said material; 25 if said direction of flow
isin a first direction, then generating said

frequé(hc&nmﬂm@qfopemu@ﬁdwmaehﬂmomcﬂm:ypmmgl e bel ow
o, and | tiop of f s in S
d| rectl on Pf“f%‘g S%ﬁerﬁ?q]ﬁ ‘é’éﬁ‘%"‘?‘i’%ﬁ‘tﬁ'&ﬁ&%"’&ﬁ%ag‘“’
signal to ghlwvﬂmga &aqupncymtpatagmwmv@gs fregfiendyPthat Tig@resents the flow
rreth I bm 10. urg her co S determ ni i f
¢ ot gaB o el b Loy ERTAlo Bk oS el () e low meter
0 ut pelecepmjesdfl antautphammmqnfa@dﬁ:hsefsmﬁ‘eqﬂbné)rcﬁmnehsyucuon and

[ SDONST V GorbQifed GiMl) Birtifhure i brtoodr sighal haf reproseti the flow meter

20  data and transmitting the digital communication protocol signal over the single port if an
output instruction comprises a digital communication output instruction.

11. The method of claim 10 further comprising:
determining a direction of flow of said material;
25 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
if said direction of flow is in a second direction, then generating said frequency
output signal to have a duty cycle above 0.5.

30  12. The method of claim 10 further comprising:
determining if a fault has occurred; and
generating said frequency output signal to have a predetermined frequency
responsive to determining said faull.

14



13. The nethod of claim 10 further conprising:

receiving an input signal through the single port,

with the input signal including the output

instruction. 5 14. The nethod of claim 10 further
conprising: receiving an input signal through the26March2007
single port during a predetermned tinme period after

a power cycle event, with the input signal including

t he out put instruction 15. The method of claim 10

further sc ri § &S I ving.an input signal

through tﬁgps %&‘F‘%‘ E‘ﬂtﬁ?"ﬁ’ﬁm Bis& det er i ned tine

period aft ereceivinpaniput mgnawﬁmgh thal sirlgrle o, wiktixhid inpiht@izaal including the
i ncl udi 8%/\;1 tput instruction. 16. The nethod of

claim 2 ereln "said flow neter data conprises a nass
flowrate. 15 17. The nethod of claim 10 wherein said

fl ow ngl %riﬁ]ﬁﬂ? volunetric flowrate. 18.
The net hg—ghegﬁé_%dg)?m er e s 11 ow neter data
conpri ses aeepaingaplinpybtignatthfouginthe siagie po2 Gurib@ a predetermined time period

SO0 | Vitfr REOUU Sl Heni 20N AL b SRHIEHEL P LR B00GS

said soft duc conpri

el ectronics softmare conflgured when executed by a
procesgy %eﬁiéﬁ,ggp}glgm 161 ﬁ . _ocessi ng systemto
process signals froma ‘0 determ ne flow

met®r reepiving ang@m@mmalsﬂlmugh élq u:aslsynom dunngta mdgtnzahnddalmer@nod after a
a fre t ta and
transﬁnﬂt t eév e?@ﬁ%yﬁlggigﬁd W&W’%@S a@?ﬁgle

port of the flow meter electronics if an output
| nstr yet FRLGRNPIrRES f@wﬁé}&q Qsﬁ&]ﬁé’wwﬁﬁta %dﬁgﬁli?és'a%ass flow rate.
and generate a di gl conmmuni cat i on of "signa

that represents the flow neter data and transmt the

dingl ¢ &), TIRATIR of AeinPl PALLLGR) 1 HAL 00) GlophlS o Shf8lefic flow rate.
port if an output 1 nstruction conprises 3 X3

comuni cati on out put instruction; and 30 a storage

medi a1 Offl il be il Wifireifd [ |

sof t war e. . 5 hgasof IO\C/%&/are pragio!‘i ct Sgéﬁ%mﬁ]ﬁ%gmﬁérvgﬁmmmow
sai d Pieow rret er electronics software is further

configured to direct said processing systemto:

determine a direction of flow of said material; 15 26
cH? 26cwﬁwm1e Prodndd fatiopesatiigdlovornetér edeotromics; snidsoftvasiproduct
di r eghsy hen generate said frequency output signal

to have a duty cycle below 0.5; and if said direction
of f1ow i oW mietsr destronics swhwerstobufiguradiveien greaetedibycs prataising system to

f re q HRRF the BHcRing syilef 18 brdofss RN As Bol 4B wietd: fo ARfhe flow meter
' data, generate a frequency output signal having a frequency that represents the flow meter

25  data and transmit the frequency output signal over a single port of the flow meter electronics
if an output instruction comprises a frequency output instruction, and generate a digital
communication protocol signal that represents the flow meter data and transmit the digital
communication protocol signal over the single port if an output instruction comprises a
digital comnmunication output instruction; and

30 a storage media oonﬁgufed to store said flow meter electronics software.

20. The software product of claim 19 wherein said flow meter electronics software is
further configured to direct said prooessi’ng system to:

determine a direction of flow of said material;
15



5 21. The software product of claim19 wherein said

flow neter electronics software is further configured

to direct said processing systemto: determne if a

fault has occurred; and generate said frequency out put
signal to have a predeternined frequency responsiXeMarch 2007
10 to determining said fault. 22. The software product

of claim 19 wherein said flow neter electronics

software is further configured to direct said

processi ng; . : :

Phe st ngl & a3 b oBRAL NS, B0 dith (adfirt BEEHElency oupur
out putsignpide haye & detw cyclebehay 0.5 mod sof t war e product of

claim19 - j : '

o™ Turt ner CAEARead d 1oh Sy 5k Eho B, 8 BBl shitoGuency ontpu
syst eMsnd t¢haves duty axelaabpst0.5i gnal through the single

post during a predetermined time period after a power
cycle_event, with the input signal including the .
out putl-i Heppitiears praduchef chdm 19 messigrspid dow mptes gleetroniss software is

cl ai NfukferWbirigicd 1S@ieet daldProceBRigsydnPfol F ONi CSs sof tware

is further confjgured to direct said processing

syst em t o IpigEERsEa fanlt hasneeureedogndl ¢ hrough the single

port duri geneatd¥aRIGRIGEMEY HRputsiAR tPhivh @ PreAtérRlined ﬁfé?.\ﬁéy responsive
yﬁ)sevegt, wi.th the input signa i ncl uding the output

i Hst rCetPglininpsgidiault. The sof t ware product of claim 19
wherein said fl ow neter data conprises a nass flow

rate. Z%WT e software product of claim 19 wherein .
sai d % &te perslpet of el | % wherein gaid flovpmeterclectigniey gpfiware is

r at e furthér cohfigurédtb ined: Said proskdsihg Histem!taedeidan il Sighal through the
said flow neter data conprises a net _volunetric flow

r at e Singlg port, with the input signal including the output instruction.

15

23. The software product of claim 19 wherein said flow meter electronics software is
further configured to direct said processing system to receive an input signal through the
single port during 2 predetermined time period after a power cycle event, with the input
signal including the output instruction.
20
24. The software product of claim 19 wherein said flow meter electronics software is
further configured to direct said processing system to receive an input signal through the
single port during a predetermined time period after a power up eveat, with the input signal
including the output instruction.

25. The software product of claim 19 wherein said flow meter data comprises a mass flow
rate,

26. The software product of claim 19 wherein said flow meter data comprises a volumetric
30 fiow rate. '

27. The software product of claim 19 wherein said flow meter data comnprises a net

volumetric flow rate,
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