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WD 2005/ 031285 PCT/ US2003/ 027126 A METHOD AND

APPARATUS FOR CORRECTI NG OQUTPUT | NFORMATI ON OF FLOW
wOVIBASUIREISENT APPARATUS Fi el d of the | nventi on BECTINS2803/027126

inventionrelatest% net hod and _a tus for

A YETHOD ANDIARRARATILS FOR (ORRES NG ODTEH T INEPRMATION OF
an out put si gn%lLdW%?ﬁ?ﬂﬁ@M%ﬂgw,é,ﬂTﬁbow duri ng

a zero flow state of appar re particularly
this invention relates to a nmethod and apparatus that

overconmes problens of_"zero drift" and causes an
appar atus such as a ddeldefthe Inyeion to report a

flo ' 450 JAPOR o) [ wzere.f ot
st at SR pnith, rdetd T4 S3RbI o, HhoBratds Br H¥enting flow
measueeinedt apphratusonagesetating aooutmd signial mprésendingatmaterial flow

Qi Bs ertal Toe Albrrats P SRARicUREY daRaR o alates to
mdthed @t apbBRitus that BRElcdMmes BFoblémsTBE ezdral &rift! 8WH NGhuses an
through a conduit in the floweter. Exenplary Coriolis

appasine suelk ag aCaiiglis fsyanetan tyraporpatflowpignaliof'b tsasiser during

y t , 9 2 ; n y 5
a Herd YPWcsa: of T mdy? IR ByBhioy! M- retateb 500 ABfhoc ana
apphratUé¢isat cdrtenteniverisfdrmationngertgratey éutemauoivsiiel state of said
strai ght or curved configuration. Each conduit

appaftiguration in a Coriolis mass flowreter has a set
of natural vibration 20 ledhi ch may be of a
si mpl e bendi ng, torsional or coupled type. Each
con@ariolis ieffedt mass flowneters gerteraiemass flow dritesther information for

malStels o aaitoudh prronghitim s ppiinetraErsmhiAD Coriols fonmeters
ard | Q¥AIBE& \ini 8.911 pact RBst H,P@@Bz&h@f ARREiZg 07978, 4,491,025 of

conduits, and exits the ownet er through the outle
Jaguaey bfl 9Bheand Rendl 50 of Februanydrian 982 alktoi b k. Sodtsetsfl. These

nofyifietlSh84 B s Bing s G 4 SHSHET LB R EL i fufdhion. Eocn
cof@0it Aoneigurmibarinad .CoNtie mass dlowinéter fhiagva tdet @fgiatlife vibration

flowmeter, all points along. the conduit oscillate_due )
mQQ?SaHV*‘é(ﬁ'bmaé’onij 3 s8implgreandipg, Rorsirnal g §PUB|ﬁ§§ép%r Each conduit

is G to &&ﬁlla% il o8t th%Eg%%n%f ﬁ%ﬁg}é‘(” W@ﬁé\mows info the flowmeter
corrected. materi al begins to Tl ow, rioll's torces
frooaassonneatsd pipelirie ah dng irtldteside of the flowmeter isadirected through the

coRgr SO 3hd ety v Towmerer DrruiofrBe SRt sile Suas dpwmeter.
Thel ffurd vibhaidromedbs of @@d8bratiRg, MatetR filldd %%I@I ar8¥ePhed in part

coupled to the conduit(s) to produce sinusol

bydhgsampinedpmassaitiae cordwts anktheocordainetl material.
COnSbhA g SRS B E B A el KR Hou 1856 e conau
osbifthieegie thanpasHRidl dsairsforce withddentical phase or a small initial fixed
phase offset which can be corrected. As material begins to flow, Coriolis forces cause
each point along the conduit to have a different phase. The phase on the inlet side
of the conduit lags the driver, while the phase on the outlet side of the conduit leads
the driver. Pickoff sensors coupled to the conduit(s) to produce sinusoidal signals
representative of the motion of the conduit(s). Signals output from the pickoff sensors

are processed to determine the phase difference between the pickoff sensors. The
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1 WD 2005/ 031285 PCT/ US2003/ 027126 phase difference
bet ween two pi ckoff sensor signals is proportional to
wa tves/omsss fl ow rate of material through the PCT/US2003/027126

or B8R 3 pERIAE PR SRS B ST moss

ratdedfayateriabtsodiglo the &tmdimi(s)ol is effect and is d| rectly
5 proportional to the mass flow rate. For an ideal

Cor {CSiriodis nR@sst flowmatens Calcdlathamass Howprateefrom a time delay
méé/s‘m@h('eg? WHGE it Heiaﬁeaﬁ :ﬁtﬁ%nﬁ’%be oﬁﬁﬁ{c{'esffect and is directly

undanped) measuring t s al 'S nee
prwppraonajbatndhge rdasseflonv matenmesar efd mhyar ﬁbeohs-bmseﬂo,wmeter one that

s RRPRIYY ey riC, M o guigt L s et 'E&@W@eawng time

demay'i€ ¥ khat isAdeded Eb&WaféP{l‘_gétte'n‘hﬂ'ﬁa ﬁ‘1a§§“ﬂb{/v r%i@uﬂbw%(/er Coriolis
time delay 10 is present. This time delay is neasured

m%ﬁ%ﬂ@wmqt%r@t aee mecwfablyen@nswsnmetrwandonreewbjegt tchstructural and

ws@% i hé\f ﬁ%% r‘égvl?tl}r@feel? 5@ f@ﬁf goricjé n(ﬁ d gﬁ%ﬂl ritro?g{‘ne delay

is pl@senf I Dhisitisnandelaly is rasuedd and Bubtractet gfoie the BideQelay induced
i f{ ical way of handling this zero drift

byﬁ%%@"é‘lé\"?@%(}%/ biginea V810 iMBWaklt - of f val ue that is
an W%)'at r@Bl‘elrﬁ(tIf-eWﬂll«% |H@é*ggopéldd?ﬁ)h§%owﬁ efgff flow is never

mat er i al ow val ues
coasﬂant r drhys lisvermed fezavatdrdt.t Ve ugpiaaleway sofnteghdliaghtdis zero drift

o8, B AR RTob 2 LA Bl A€y B oo o
flowabuut %I?’ﬁél bhte A tsefow W fadshRowi Wug§ | @{O\ﬁt thTse laPbitrary low
flowdrif above the arbitrary low fl ow cut

flowzouteoff valug areapssusred to ibe zeroeantagvass fﬂbwa’tatsegnal of zero is

h 20 .
retieRt'ta Bedh P ML ERALILES idh LS aifhn AL EP A fgglem arises
whEnehetintedélayat bero flomudits abeveztbearbiti@ny 162} fiéw icat-Bffivhiue. This

under_ zero fl ow C?ndltl ons can_al so be a problem
capesHbint A RIOBRAYE flesTate puinké signgt beingweparteddatthauser during

co@&nﬂﬁﬁ‘é .fm R thbfd 8MHd ¥ctb§fr?l ”?’% s a mnor problem

ecause t e contributron o del ay at zero
f | oWwhesmechahisam thatoeau sest theepemsﬁow walsegtol Oritt aurider zero flow

f | ow f
coifigts 8om Pl AER BroEmduinsciw BTGt olf e Mg donate outout
sigh@riersRffictsriBdaRsRe, this Fsh&fv‘mﬁMr@roﬁlbﬁi’b@dﬂdjs@%é‘contfnlbutlon of the time

significant 'source of error. The use of a
delaytatazero flawie smallsand does net iapyesant|asignifisantherror of the reported

1o Bt i 1B LA Al B apeanbecome

embeldagdde ties tatdl flow bhe bel a:k@hfﬂcaht gQureefdf @Wdreffal ns
bel the low flow cut-off | ue. 30 However, is
m% PrHse of @I%F e qut-aft Yalug icsptisfpctority awlmgeas the conditions

un%?ﬁﬁhl@ﬁ tr? S 7&hoA tfﬁ\éﬁl%@ﬁ %agatt?rtgﬁvé;@Irtlgﬁmgéﬁgﬁ't%g%ugﬂréocmatthe time

deldyadetected by the pickoff at zero flow remains below the low flow cut-off value.
However, it is sometimes a problem that if a Coriolis flowmeter remains in a zero flow
state for an extended period of time (where the period is variable depending upon the
characteristics of the material), the time delay detected by the pickoff begins to drift
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characteristics of the material), the tinme delay
detected by the pickoff begins to drift 2 WO
WQRO05083485 PCT/ US2003/ 027126 away from zer oPGHUS2106831027126
It ina flowindication exceedi ncgﬁthe | ow fl ow

resu I |
awen?romer@aar\sdecaru@ﬁv%m W ndicatiqrygreseing the lew dow cut-off valve
du{iﬁmﬁ@@-qom@te Bf‘fhe”fﬁﬁm%}ér.he assigned | ow flow

alue to report a flow of zero is not always
suf Thes.ghe use gfithe ansighad low flom dutegflofalae tmespdrt aflow of zero is

noflivaYs SHE bt Ry BnfHeEoarink R adpass & UheedfBytions in which
thelré @adtubhiy né AtbtEASITIHRY ffctsher Givearerdughltieie fthRVrero flow drift can
cut-of f set point. Under this condition the flowreter

be¢ame greajanthas the yy flowicyivofl seppeint Ynder thisaendiianghe flowmeter

b 3o T S s LY e 5o Bl throuon
theca?wmétélowThmaaditienahtnaﬂo@sf of sf@lhfihg ghist pw]tcﬁlemocmi cause flow
solution is to.increase the w flow cut-o oi nt 10 .
MeAgUELMRERRIFOV af\fiEst '@%anﬁeﬂ 3{@dureess InedBRTny ot point
to %’ﬁ@ﬂé‘i CHBRL TRid SBIStIH REBItE irDRBke lORthéaMeMmeht BFrbrs since higher

evels result 1n nore true b

fl ow data being i1 gnored
lovgflow icntroffdevadsl result in enare tuestawdata baingtigrored byggettingforced to

i th t { | i t the fl { .
zetey A Sl HEeDAE holfel STy 8P RSt CuBEIRIEle the fowmeter.
ThisSso\@iorfisfunnetbosarpkirdeah8BeRS flowdriftiis nat 4 Antdtiodrbfefe meter. It
the material contained wwthin the neter at zero_f

| ow.
is arfuncties af thermetesial cantaiied withinthe:mefen at zexe flowr dhedecalibration
r r ' r r ' t he
of R Bl Dolierpf el plrofin Fa oo, 15 1ace
mat Oneadf thancddugesbotbbdresflow drifteiscthet gresenceraf éwo glhase material

Since the driver of, a CorjoJis flo ter continpues to
angdiopibabelasis ﬁh;reowrttawsdduateﬁ@'-cérmetwf%é“@r Jep §W|°§§v,ﬂowmeter
coRtif RSy th Wt Vt'ng_rfﬁaw ttﬁﬁg dbﬁuigg{Hggﬂki%ﬂs'i)@zé%qld%ﬁ'%c%m%@ed vibration

material 1nc i ng . This continue

is imparted torth@ Godtainetymakteriat érauding the bublies alibisscartivued vibration

bubhl t ' te. Thi ' ti i_neul , ,
auiig he Zpronio e ceyee e bl § ok, B rigebipgimutates o
trueematdidl T &sA Rr déteBRd BY fthersoks hgihna @elriebephdse or time
the pickoff. This, in turn, causes the associated |
diffeserce beingdatestrd Hytthe mickedindl s, iNHEMpicaKses the gesaciated meter

ner uhnut: indi cat i ' e
oS L el BB EPAE800 oBsidoh S pcatin o
métﬁﬁalkﬂdvﬁl ??ringrexiﬁi\cm?&r fow wngh'@ﬂe, thief m%eglratimeobﬁtevm?bbles can

the pickoff that can far exceed, oW W cut-o
geperate aaaaa%pps{@&%weabﬁwﬁw ﬁ@epﬁkgﬁé@w Tt graged the low flow
A ; L al . . .
coEBILSAR aAoS Smblfitids ShoCSE s SHFNEaA ot fou.
of the present invention Solulomor dance with which

B AR e G P oBIeTES iy BhnG piod A S plus of the
présemUhiéntion’ Ino¥csdréBAte with which problems of zero drift are solved by
creating an adaptively changing set of deviation limits that track a spurious flow signal
generated by the flowmeter during its zero flow state. The spurious flow signal is
sampled for the duration of the zero flow state. But it is not applied to the output of

the flowmeter. The operation of the flowmeter is such that it alternates between a
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generated by the flowreter during its zero flow state.
The spurious flow signal is sanpled for the duration
woafoos/ésar285er o fl ow st at e. But it 1s not applieddrous2be/ 027126

iR fond OGNS REHS 2ol RoRh el bBlndauiich the fgpymeter can

geRoehé 8BIAGTs REW sigpaldid Y dZfornidlities (@I&lrésaﬂ)utﬁﬂlégvand the like) in
condition and a zero flow state during which

the ¢ rmatafial guer thaughspaterals motflowing .tmoggh dee flowmeter. It
is BBSiPEdT®hA tﬂh?‘sS séﬁ ﬂéw%ﬁ%ﬁloﬁg of BE Addﬁgﬁoﬂpnﬁ%gﬁtﬁat of the

cont ai ne mat e even erral
flowmetegdumngatrfel wodlosr statd. i s desired that this

o " I 8€CercaRik e Tahars Hin eMadliment @ iebeseph imvention, an
oufsté Sighanse zetd tepresehfing E%Q{&Ia?ﬂ?\fa%t'éqg"apg ied ffthe flowmeter

resent inventi on, an out put SI gha
OUE&& dusiagtthagzere flownatate.i dihef $mm<mt ﬁk)w snfaprpbtien i bldcked but is

T e T RN AR —-

flowvacotditienm ne the end of the zero flow state at the
begi nnij n?%of a trye material 10 flow condition. At

t heMbd @WQ’"B@ %a‘ﬁ? 22018 Howstateattbis spuripuspliewoiate signal is

| |
Saﬁ‘%’ﬁ“e“.@“ 5000, ol STATRICASUY T thahbEs P ub 8 e period of
timef thet Conoltshféometerl nema‘imsnm‘eteezemeﬂmm staten |h mcz&fahce with the

. f | th t tion, outp

invenffh oot sioheh SEPRTIS IGHtcFRoQUEh Y HE sk rirardeined. These

de@iﬁflbrﬁ@ﬁmltgfﬁé %déétl\?’@y réd e fof 'Eﬂé éuﬁd’ti%pacﬁftﬁé 'z\é?d ﬁmxsstate As
redefined for the duration of the zero flow st

longoag %%ﬁ@mpﬁ@éltbewpurmssmlSngsaIf ramalssgmmm the adaptively

ondR, B L BB B S8t o ana o

comadtavei adtiohl isviakenl Mhis BaFUeeVbn 6f et ls@[]nbﬁs flalerate Féprésents a
Is true even if the spurious flow rate represents a

valygfafdn excessofdhe user grecifies lg\y@ut-gﬁyelwq ermsp eReretion isf predicated
upéfr‘?l Héefact-rth'a?t Bp?ﬂow?a 5 gr:\eﬂ@o noPreth ﬁt%etrtfeavgw%%erlal flow,

that the spuri oW ra gna oes no I'Epres
regardlesg ofriis galual Aftrummatelmj flodl emlitidn willgegalt irea sAddéenithcrease

: oy : e
or d8uBasdin tnsrolyBel et ibe MowMeter bl fariexsPednds beimssible deviation
limit§ain bfHer W8S U5 cbﬁ'ﬁaﬁ Hhéﬁ@ﬁ%%p%(‘h@flb\ﬁ%@ fghélsdurh'lb a zero

ot her words, a constantly changi hg spurious f
comlmﬂonruregegdlgsa_ of 8s magniiudeopafnavepresgat dltessmaterial flow as

t materi al flow
lonly'es BB rmafif bRk bRhE BEatBn bR ¢ he

devTlag iinitiatibmi dfsa tﬁhae mdtetialafiow nconditiort fé@lt%aheé'(ﬁ{ange in the
amBLItUHﬁcondltlon results in a change in the npl i tude

tdhe utpuisignal thatdar %ﬁe@ﬁdé@d%mtwqqlfmd By the adaptively
de dé\h%rpbfmhé‘eTﬂ%%Eféé%lnY th%eltehﬂﬁ\%tlgﬁ\ﬂf %t%e(?gv flgw;%tétse and the

I's represents t M nat zero f
mat@rﬂdntdﬁe true material flow. This change in amplitude may be either a significant

increase or a significant decrease from the signal amplitude generated during an
extended zero flow condition. in accordance with the invention, the flowmeter

terminates the sampling function of the spurious flow signal during the zero flow state
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initiation of a true material flow This change in
anplitude nay be either a significant 30 increase or a
wos2ogsmsfizesant decrease fromthe signal anplit ud€T/US2003/027126

ener d durin ext ende ero flaq ondi tj on
ang Eo B REnap R e 3 EURBIER! oW Shanglia g grnation of the zero flow
stattgqg'r@j@l@bﬁﬁj the sanpling function of the spurious flow
signal during the zero flow state 4 W) 2005/031285

PCTTbs2004sli fioreeten dontipms to rermrhﬁlg@lttummajenai floweuntil the

iR mipallte iRt Rl B Qrtcift. cFh meytingg reverts

to thePfrb ﬂbb\ﬁstbfeum wm&rertla@blﬁéam?leetthé sbb@ousﬁﬂé\ﬁ fsig”ﬁal Qé@évated by
magni tude_falls below a | o ow cut off point.

thQ'rft'QVlé'F‘efoeﬁ eéamlgg cgntinpasas the spuripesflew signal @raﬂﬁa&mdnfts with
tmﬁqar?(?ﬁ“ldqcét? heA“ugg b 'fIBHrSstEté)Wl'ﬁé %%ﬁ#;% %gnﬁéét &qub\)(/hen the

I'ng continues as
&ghbbsw&iegmw:hamgaﬂ;ualamphdlde‘ lbysamvahimu nt that eaoeiedmﬂtheaﬂvmlon limits.

Thi EhArgf M gRanG SRILAT 3 (Bies RS Aot T v aishen again
terfiIRA¥aSs 1&%6}%@%9&% §n8| %{ﬂ)&{é e t'ruérﬂbﬁl rateTBf t?leqréﬁ\ﬂﬁéter

I ndicates the start of true materi al

fl oMetaéJovelmd eihyer probiernsafmsnbredwy the rsat’qmldl c'wgd apparatus of a
seritf poBaps Srifibil R SnburtEoentybllidh 1 dedrcpngenyitn whicn

prdﬁlém@fdffz@do aﬂﬂ ardBalvati by creating a6 @dagtivslg hihging set of deviation
enbodi nent of the present invention in accordance with

limitsitivat traokadflawsigoél represeﬂtmg theaccurrescmomddnog betvmn tnge delay At
n tively.chan set .0 dvi t|on [im.ts,

anigdit EowsTohis SRRR P USTELR g e RewERR e Jundiih aro flow state

anBels&fh IbH'ﬁ\odé‘érﬁbén%dttoja@té‘%ldtﬂ&tthéQ)W?étionTBf tfhesie%‘ Abw state.

I's generated by the flowreter during its zero
Thstm:teeatuandf the favmeted issuchcibat i aitethates betveeqma tme material flow

oo o M5 Yo e Ral R B R EgBEE B Bhous o

mfbl‘rﬁéﬂcﬂﬁé Wghialédue‘ toivnofaaktids (etckasibabBles antiitiesvilked)a Ehe contained
duri ng ich the fl owreter can %ﬁ?erate spurious f

l o
matﬁflalremﬂ thrugh girieriglis nobflawinsrthtauah tee flowrestessItis desired that

tm%\%@ﬁ lz% ﬂg\ﬂ u#éfrghh&‘?)mf Be BPSI ttﬁé %%ﬁ)r%tgg Eﬁ’ét ﬁ(é\)vﬂeter during the

rral 1s no ng t
zefd flowestate. AN ostpduemgmd of hadro” té'presemmg ze friadevial flow rate is

i nformati op not bea d.to . the output o
appliedei e TaiTinien AP Rging) 815 Se SoWasten pie spurious flow
infolHadn FJbloél‘@éd’b epa"re‘ﬂ%bltagje%a*rmnmiﬁ@ehaloffth@wef@ﬂ@w state at

I's app | ovmet er out put during the zero
theé beginsing ef a e m@t@rlabfL@Ntbod\rtIOnnf ormation is bl ocked

ot ailte Pkl BofilifisRyied aReiinRlieki i & plggft§ ¥t cefined

dat®Pairits &b a rbe wmr@umafélwossaﬁplbs :fermhed Phglfirst few data
converted into a plurality of define data points at

Points {eBPEsTXimpiaho XOdre RFooessedmandscye fitadh iy comyart them to an
ex[)kfs%‘orf r%\ffréj@rﬁ‘ing the correlation between input power to the flowmeter and the

time delay At between the signals generated by the flowmeter pickoffs. The resulting
expression is in the form of

y=mx+b
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poi nts (approximately 20) are processed, and curve
fitted to convert themto an expression representing
wda ees/enessel ati on between i nput power to the flrommest2e03/027126
and the 30 tine delay At between the signals
Whelger at ed by the flowreter pickoffs. The resulting
expegs i he d f Ten 2005/ 031285
T R0 B3P Y et e he 1 ne
x r epFdbetimendelalof @ashaaéa paint; and= the tinme del ay of
each data point; and b = the intercept of the )
b exprd §i'Q§ﬁPQﬁPtPﬁ§3ﬁ BXRTESPIap AS'ERV ﬁégdﬁpf%sefgnef‘"ﬁ'tﬁput
power. In accordance with the well known curve fitting
t echrfdiied POWRS- deri ved expression indicates the
correlation between tinme delay and input power for the
val ues of these paraneters associated with the
In egpadibade oyt thiei well knowe cank fittingi teclomigues$, thieederéved expression
. flow state of .the flo ter, A set. of deviation limts
indiclpe 116 HTP Gt el ESTaNEg dealh Rt PRET fooe ales of these

pafnelefd 88sSiMeaSHtPihe! SRR petating %ﬁg{é@nd’ BbRYitiéNSlof the zero

I nput  power paraneters. Subsequent™to The generation
flowf stiate ofléhé Viewnester.e IS iseh of dewiationdimite (uprert ard lower) are also

e Bifed Mot e B BRer R e CiohhbftRebfi 58 fmeisiley and input

polier ipagarhBréi me interval the flowreter remains in the
zero flow state. The sanpling of the spurious flow .
si gfalbseavenidedhea ggee@tionpithe dedyed axpressien. e rgynaingder of the

spggﬁ%% ﬂBWsiQ@%‘ﬁ?e@é%@saﬁgﬁ%\éﬁ% ?(r#dqng?\%aétﬁteo%i ﬂéemg\l-étﬁeand used to

ing a n Ion of t
defingndbtadpoihts dutilg tlee Eimeointervalothet flawmetdr rendans ipthientzero flow
nd |l.o iati [ i.m L

s e SRS SRR 1B A TSNS e o1 n i
ool Byt B8 300 i, SRRl e

a @RHAINA8N of Rd K¢ FARNRUAGE $SSthB kA Pﬁ(hjt?clidéti%. £ data point falls

present I nvention determ nes that owreter is no
betwegrethe upperaeddowendesatidrdinaits] proeessingeciradtnpdeteérmines that the

si gnal , has .a magni tude jndicative of .a true nateyrial ..
flopyriRler isal in 10 6o YV state anortge Samp!Rg soaline, Tfa defined data
pointOdRStehetwd eBetHy 8bGialitn MWMIRUIthE | [EBBEssIRG circuitry of the present

representing a true material fl ow. As | ong as each
inviatianistenminesdhatsheillowimetenis nedepgerisl 3 zeredinyy agte and that the

so PRSI 0T $ o BBl PB4 oot tnh. e
processing circuitry then causes the flowmeter to generate an output signal
representing a true material flow.

As long as each data point remains within the adaptively changing deviation
limits, the flowmeter continues to report a flow signal of zero and no further action is
taken. This is true even if the flow rate for the data point represents a value far in
excess of the user specified low flow cut-off value. This is predicated upon the fact
that the spurious flow rate signal being sampled does not represent a true material
flow, regardless of its magnitude, since a true material flow condition, as subsequently

described, results in a sudden increase or decrease in the signal magnitude that far
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taken. This is true even if the flowrate for the data
point represents a value far in excess of the user
wopeszosfizesd | ow fl ow cut-of f value. This is pr @mraeﬂzeln/oznm
t he s urious_flow rate si

the fact 30 tha%) (_?
exg&e&gg @tprulgggs Abthe P §g,;ler% low slategignalg in other words, a
coﬁet@thY Eﬁﬁtﬁ Hg/%éﬁn s $drmpfERgRW %gﬁal o%'nﬂ?ea fb&& R, st %%tg, regardless

mat er t| on, as subSequent escCr i ,
of rtemagm;tuda earmﬂdepresentaauue nmtedaldtcaraae lang ashthessampled signal
" E‘ ituyde t}ﬁt far " 6 i 2005/ 031285 PCT/ US2003/ 027126
eIogee Fﬁ@ %\9?5'@'89 ' ts of the sanpled zero flow

st atfpeSih@iafbn of A tﬂtélﬁfatém fiow i8 detSuied dytd ¥hANRB the amplitude
spurious sanpled flow signal during a zero flow state,

of theysamplecksignsl that fareyereds the adapiely dpfireddeviation lignits. This
re%%%%fg%e Eér%@tl‘i\’oar{ : n rfrllbtu):s@%rgﬂ]oetﬂeﬁlﬁgﬁ%n of aeﬂﬁé grf‘ater|a| flow.
Thig cleangd iararaplitbtewf tise demplﬁdedgbal raay bargther @ digwificant increase

amplitude of the sanpled signal that far exceeds the N
or daaraasedn jheledlatienshieof vitethe lrmUt powehdyring @ese dawscondition.

ter ati.on of, a_zer flow e nd th .

ThiptrEe{Es FEtbiinaed 08 2R o sAMATBR G Anffenges the magnitude
of anRld ﬁta‘t’@na)fﬂowtﬁhémﬁé geroicam alate@yidbe either a

significant increase or decrease in the rel ationshi

of Ahe @@rlqlﬁeﬂqvagtermgnu%tq rapost thermagnibide of the trupe material
o0 ol PeT e (I TEASD RS IALTRAE Sl B8 500 gt nen
revaatsetoi the zEtwflowsstate imwhiotribaddin sastptdstherfibey sighal detected by the

PIGKONEnd s SRIMAUIG ORI he oW RGNAkATaTs Wit fimigyand indicates
a é&ttin%eeeée%tottﬁsta@év frhevga%gn féndeo\thEn tﬂét%.gaet egatnhathnges in

reverts to the zero flow stat which 1t dgal
ana;ammﬂiebyaheamdmwtbageoeoeedettbededlabg)ntmts:té' tm tndaﬁeﬂes the start of
The sanplin nues e_the
PR HoRna PRdioRdvate” taert g 5B ek 5 1 sl ingriynction and
refbves fRMRLE RewaRESofthefidwiRe®rgnal agai n changes in
anplitude by an amount that exceeds the deviation

| i il gccariBee with eaotheramebediment.dhe samganaieriat anormalities that
or 8hcntiie S TR B Bl SPh G s AGHoI Kt may

bef ;br@\wnt rtheZbw infasnaticlagereratdchdaning bemdlamms)df fenmaterial flow.
the same naterial abnormplities that res onsi

TheyicapraUse REPE NSRS BHIPUb IR rRATIoR gfmr%tea ithg oNEegeyring low
flol %oﬁﬁﬁ&qaw safie rﬁéﬁﬁ&nés t'h@y’d'@ﬁof th‘éV!érBfﬂBW@éteorln accordance

generate uri ng conditions o | ow nat er1 al
withhiinis emabvodinsnt afitheinveintion hilesea tepiars and evm{eddny the steps of:

generated by the floweter during | ow flow conditions
n desvingfiishaxessiont Wéi?ed%'af'egsh'l%@e%?%‘ Aoand inguis power for

e 25 with this enbodi nent of the
th‘%%\elgorctﬁ%%wghese errors are avoi ded by the steps of:

der iggrivthgda $edorid eXRpPESIGH IR tHedfeldtitshi) BétvedR N P and input power
bet ween t and input power for
for a low flow state;
checking for equivalency between the two expressions; and
subtracting the first expression from the second expression to obtain corrected
flow information for the low flow state that is devoid of the errors due to the presence

of the abnormalities in the material flow.
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the zero flow state; deriving a second expression for
the rel ationship between At and input power for a
wol 0us/631z88 st at e; 30 checking for equival ency Petmvies2m03/027126
t he expr essi ons; ..an ubtracting the first e
expT BESoB I ENATB A YR TREE A 00 FOsPIP chisiBithe abnormaites in
thé&ﬁtﬁﬁb@%at@}igw THE fWRifbPRaticd in ke s CMd &Mesdioh @o?sists of the

that is devoi of the errors due to the presence o

samednigsmatianithatiie in the firslexpiession plus theinformgtion representing true

QB RN B4 38, Y A, vy

candele butthetureiesired infernaativreantbidanes enlyahe infbendtionthat represents
information in the second expression consists of the
thestue matedali@W.on that is in the first expression plus
A %té'nforrmti on representing true material flow
us, subtracting the first expression fromthe second
ef f e \aspecb asatice! inventiort hecludelss ar ecetenfaectednics for a flow
and | eaves only the.informati on that represents _the :
mqa}slgéerﬁgpggp%q:ra Ys0aving Bégpgesmséﬁgb r gorreqing flow information
gehBMRBd bYRald bW eSasireMRhE BpFarREld; ¥R Metér el@ctrbifids comprising:
nmeasur eirent appar at us having a processing systemfor
cor instructigns faditecting said precessige systenetd by said fl ow

measurenent a ratus; said ter ectroni .
consrEing: SBRa: PeatBeaitla o ThiitrRiighobfSratea by said flow
mddsUEEHehapFaratlRauridg ssanp flewatate@ighid fRIW @easliement apparatus
flow information generated by said flow neasurenent
to dpfine atrldratity ofrdpta polms repregerling saigrsignald 1 ow
nea ] ' ral:bty:of. dat a
por S LABTER BABABNTME fol At M5 Bfe B Ball dytp byt
devidateratiné whetlserferchadarhged tdatan pointt isswithlindsstich dpwiatios Jimits;
det erm ne whet her .each sanpl ed data point is wthin .
Sai 4TS A 1A ol Snirs S deyBYBRoTYS o dFtng rspurious flow
infiéﬁ*mgti&?f’dr%fdi&ﬁeﬂdﬂBdeétattét define spurious flow

ormation for said zero flow state; sanple a data .
poi sample s datapoidi eutsidei eft baid deviaten digiigefo define information

b B GHRS b e SRR S E G PRt BBt
samMbhiiBu®baiddathslinbdf Baidddia pointoag Ity seddld sanmpletidata points

data points ~are wWwthin said deviation limts; prevent
arg Withins paigidaytationdimitsif or mat i on from bei ng applied as

o P2 Syl b TRROH FEFE B RESAAR 1 an ot of
said flow measurement apparatus during the sampling of data points within deviation
limits;

determine that the most recently sampled data point is outside of said deviation
limits and thereby represents information for a true material flow of said flow
measurement apparatus; and

generate an output signal representing said true material flow information
represented by said most recently sampled data point.

Preferably, said flow measurement apparatus defines a Coriolis flowmeter.

Preferably, said processing system is configured to execute the further

instructions of:



10

15

20

25

30

25 limts; determne that the nost recently sanpl ed

data point is outside of said deviation |limts and
wot2oevmsinyssr epr esents information for a true natremiE2003/027126

flow of. sa Iow asurenent a para an ene

on” SREOES Syl o BRbiepTerPuBBE Al ek aw bl i said flow
médéfu?érﬁéht é’prargQJsrvﬁFPﬁéﬁdﬂﬁe‘?é’te GRAb Gt B rd(RESENRLING a true material

sanpl ed data point. Preferably, sal d 71 ow neasur enent
flowppar at us defines a Coriolis flowrmeter. Preferably,

7 or O RS e S rcmEAGR IHlsSRpldy B 36l SutblPsignai

PCTett i3 that $3l meniesrel ynatetiaMlow iBvorenstiohfbdcofids less than the
representing a material flow bel ow which said flow

materalflrEaRreappaA yusRIdiow flawiculehbimdi e an out put
Si gpgln; 5@&?\% cﬁ}éfééﬁd Rt sﬁc{nalféb moni tor the

mat eri a | ow orrra Fon represe y sa| d out put
si gnesy méthzlseﬂ;wnpilm@otthatsasbdaia points foresdidedrerfioal sthtecnf said flow
inforrrat'ton be?orres | ess than the material flow

MW 'TERL BRPHP i d 1 ow flow cutoff linmit; terninate

t he PGS%?&@?' %a.oofprééééé.rfgﬂswew@%nf.g@@d rtSSé'i@:utté‘ethe further
npling of the said data points for Said zero

lnsitl-@tl@n%ﬂfsal d flow measurenent apparat us.

oot Rt vifhd nBHA"FRR0RA 43 KBy Bofeh) %?ﬁﬁ%h%&ﬂ%w that i

outsiié pf saidlenchtidat Eiggiand represents a nat er| al flow
that is outside of said deviation |limts; and
gen@ﬁaet@tg@ncnﬁtawts'gn@ﬁaw thedrue 'W@tqrrajgowBrﬁemsrﬁntqd bwsaid newly

py said newy 15 sanpled data point.
saﬁﬁﬁ’é@ﬁﬁﬁ@ Sai d processing systemis configured to

exedueferabig, fsard peocessitygg rsystenons Gﬁnflgasedilibl ekeade dhe further
. czew at i og limts by the step of establishing an upper
ingUyGtions Q lower limt of deviation associated wth

eaclpshbiBh %@ldjéé\ﬂaﬁ&h litnits 29 tﬁé@férﬁoﬁéétgbﬁﬁlﬁg BRI UYper #fit and a

l ong as the spurious material flow information
lowerpirais ohdeviatign @asma@tda/vlﬁoeach sgmptadieata paintd upper

deVis%Hpcl)Q slaiidﬁdtataa'i}giﬁ?ia% Iloﬂgezgs tﬁjee\ébﬁ‘ﬁ&?@ nhétg.}iél; flow information
represented by said data point is between said upper deviation limit and said lower
deviation limit;
determine that a newly sampled data point falls outside of said limits;
determine the true material flow information represented by said sampled data
point; and
generate an output signal representing said determined flow information.
Preferably, said processing system is configured to execute the further

instructions of:

determine the average u of the flow rates of the N previously sampled data

points;
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determine that a newy sanpled data point falls
outside of said [imts; determne the true materi al
wof2doasmsiizssor mat i on represented by sai d sanpl ed pdanas20B527126

poi nt; and generate an output signal representing, said
det establisly saidstandarondeyiation lipitst ef s \prewaug N data points by

RS RSAAEET S Pe SRR BT § 4 S nmber
SR o8 it BRAY IRt B iR A
oo LA P iRt IR PSP

devipabicPahly, RYid @éssﬁ%e%ggﬂe%j i& UWHigured andaxétute the further

igu
devi ations” A avva)‘/)lrlérom sai d average op t he devi ati ons;
insinattiadsi ofind subtract the product of rA with respect to

& gholh LSRR R RSB GRUP FOHo s orime
oo PAERRL B oI ABEag R rERES LS Ay v st

of ChRMYIdW AR sErdnbneapsdratuss during a low flow state of
sald fl ow neasurenent apparatus; 10 derive an

exprgesise an xprefiom® difing daa points blsractetiziry the gdremeters of At
paraneters of At and input power of said flow

andeaputrpavesttof spjuhilew neaburémgntapraretus dining aizerodfow afiate of said

f flow neasuretnent a@g_ara us; and subtract said defined
ORIHFASYIEMPNAPPELAYS 30D 1 ow state from said

exprsebibesaifl Aefiféd expWsidndor shidtzerd Aowhdtaterfréin said expression
out put signal for said flow nmeasurenent apparatus 15

for said lavs llawstate tepbiaieas putaus signat fos paidi flryregsHieraentppparatus
thgrgggfeg%égofdt%'sgﬂriﬁa{; & ofs %dfulcgeﬁ’én §5Igit fpopaﬁéﬁfsedl.?rm said zero flow

essing systemi1s con ure execut e the

statert her instructions of: use a relationship between
tinme_delay At and i nput power of, said flo 20
readiIpGraNY. SHrhrrIPeRSSRg RYSIane Ianw%m% {9nexecute the further

. ing a plurality of said data points
m%ﬁﬁ{t@i\t@e‘%ﬁf] zing the generation of flow information by

sai q,dl aWdmBRasIshaItwe b @ tdislayluli agdsiabdt 2emerf bfosaid flow
state. Preferably, said processing systemis
measdregent dpparatue tuderiienan éxprebsion representing a plurality of said data

points characterizing the generation of flow information by said flow measurement
apparatus during said zero flow state.

Preferably, said processing system is configured to execute the further
instructions of:

determine the deviation between subsequently sampled data points and said
expression; and

use said deviation determination to detect the end of said zero flow state.

Preferably, said processing system is configured to execute the further
instructions of:

derive said expression by sampling said data points; and

use “n” of said data points in a curve fitting operation to derive said expression.

10
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instructions of: 25 determ ne the devi ati on between
subsequently sanpl ed data points and said expression;
wapassrssai d devi ati on determ nati on to det eceCt/big2oesa7126

Sy SOBFTER chid GHOER <1100 LTI, AEMIaHFEHeld svcuts e further

instrid@ldngcds ons of : 30 derive said expression by sanpling
said data points; and use "n" of said data points in a
cursampletthe mgmajnstest o of saideampledigtal peints.essi on. 10

R X T T

expresdionicanddns of . sanple the remai nder "nf' of said
sanpl ed dat a P'Oi nts; deterni ne the deviation between
eacisegaid deviatign detarminationde depsmine therpeyatienal state of said flow

meS Sttt Ydnafiidguse sai d deviation determ nation to
ge erm ngdbtpﬁe operational state of said flow

nmeaRiafenabht, sgigapracassingr efstermablsy cosfigutedr tic exsculg the further
. 1sH)J/Is,tem if_s configured to execute the further
INSENSQT ons of : 10 derive a plurality of said

exPdERE #PRiIrARY of b1 &resdibMveTistlicezerosdW Staial d

plurality of derived expressions in a nenory; define

constora eaid\plurnafityrofedariyed exprgssiansanreleye¥T i ved

expr essi ' [ red expressions; determ ne

V\/neq(%fs e_ cg(g'{sgét%&f@lf%gﬁt&gd expression i s consi stent

W t dorapad & hewidderhedeepressioomith saie skaed exprdssions;

defined expression if it is determned to be ) )

condetetraine witethessaid newyiellyeg X PERSSIHS CoRsigtant with ggid stored

: of said newy defined expression if it is

exéc@?%'?ﬁ?’ned to be inconsistent with said stored

ex pusssaid mewl 2 0efimext éxpreasipr dftit isfdetdrenined tnlbé oansistent with said

¢ conprises, a neter electronics for a flow measurenent
SO&%&EEM@&%‘OHM a processing systemfor correcting

F1 optelchfey et L9 of $8ReABNEIENhetRELDrEbSivh TERSYRBMined to be
~ apparatus; said nmeter el eCtronics conprising:
inconsistent witbreaid storeld expressipnsai d processi ng systemto:

Another aspect of the invention comprises a meter electronics for a flow
measurement apparatus having a processing system for correcting flow information
generated by said flow measurement apparatus; said meter electronics comprising:

instructions for directing said processing system to:

derive an expression to define data points for a signal characterizing the
parameters of time delay 4t and input power of said flow measurement apparatus

during a zero flow state of said flow measurement apparatus;

derive an expression to define data points characterizing the parameters of time
delay At and input power of said flow measurement apparatus during a low flow state

of said flow measurement apparatus;
subtract said expression for a zero flow state of said flow measurement
apparatus from said expression for said low flow state to obtain an output signal

devoid of the errors induced during said zero flow state.

11
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derive an expression to define data points for a

signal characterizing the 25 paraneters of tine del ay
woAbososd2gsnput power of said flow nmeasurenment a0parsa003827126

duri zero flow state of said flow neasurenent .

appdihtier 35epelver 1P BENDCY; GHRESERoPi RETRA 21 RAskeling a flow
méé@!réﬁfe@\'t'éﬂﬁ&aﬂu@?g&%&@tﬁbsﬂ&k infdatidal g¥néfatéd by said flow

i nput power of said flow measurenment apparatus during
measusanend @appaeates, said sthiod compnisinguhestens efpar at us;

20, SIS, 05GP 1R0ERh D e pEERuLh WAL RY saie tow
méasureaient bpparatedwirgf £z4ro flobistate ciBaidflodineatg@ahent apparatus
devoi d of the errors i1nduced during said zero flow

to geting a Rlyralily ohdalpRPIngSepRerLOND§3id03IgNAle  Anot her
aSp%‘sﬁatﬂfshHZﬁé\fi‘é(t%H fiffts m’mﬁéﬁﬁ§oﬁ%§8f %‘%G d2ka Points;

operating aflow measurenent apparat us r corfFecti'ng
f | owleteriuinimgt wioethge rectasaenhpled datiadbdihioes withira saidedessstion limits;

apparatys, said nethod.conprising {.he st. of .. .

oG & atar Boigh nain BaKG OPalPR Hbfhae fdsfine spurious fow
infdfmation est duid saidlfid @tated nMeasurement apparatus during

a zero flow state of said fl ow neasurenent apparatus

to dempliadaa slata fdintyousidgadfasaidi daviatiamplimis fe idefingantormation

. B s b Cori i mi I '
reflsiRRipo B3 HaFelI3IoRrY! S BB ki T ine Bher PRk,
sanontdndiagasgidisaimplingveft sHith dda hoitey izl long dd Bhidssampled data
sanpling a data point within said deviation limts to
Poirdsiang Within saiddeviation litotsinf or nati on for said zero
flo ' I ' ' i
devitty Eitiig SRTEDURSL IR Rl HeH oI o an outputof
said flew meeasurament apparatusad utirfg the saegdingerieata ppipte withie deviation
i c%r_]ti nui ng said sanpling of said data points as |ong
M. sai d sanpl ed data points are within said deviation

|'i mMdeterrdiRing MR NtheNGoSRiréceiyT AHpIed! 84td pbRt T8 tdwdside of said
from bei ng a(gpl ied as to an output of said flow _
devistionliantsandivesebyt reprerentsigfermatioafpr a tiyeonatedakflow of said flow

' i thi igtjon limts; determining that the
m%ésq}gﬁ‘ee&%pbgragg%’pﬁd data point is outside of said
devigenepating aht(ﬁltplﬂdsi?ﬂi@rr@bbesfeﬁﬂh il fruenhatematl flow information
for a true material flow of said flow 20 neasurenent

reaq@pssngﬁ%gy Sﬁ'ﬁid“_eé"rf@lcﬁf‘ﬂ%33@9!6&1‘#%9@0&@9naI _
Fepr osont ed by sai DesorPteRt ofing RS 2 2 poi .

» The above and other objects and features of the invention can be better
understood from a reading of the following detailed description thereof taken in
conjunction with the drawings in which:

FIG. 1 illustrates a Coriolis flowmeter including meter electronics that embody
the invention.

FIG. 2is a graph illustrating the spurious flow rate signal together with assigned
values of deviations for an extended zero drift state of the flowmeter.

FIG. 3 is a graph that shows an output signal for a brief true flow state that is
terminated and followed by a zero flow condition which is terminated by a true flow

condition.

12
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Description of the Drawi ngs The above and ot her

objects and features of the invention can be better
wO0250n3sdEssst ood from a readi ng of the foll ow n@caatsaidimadrize
deskrépti_on t hereof taken in . conjunction with tpe ,
dr ali@g# i$ A AAPk showing the srurious foweeate sigsial of adlowmeter during
anféﬁéﬁﬂ’éoeierbgﬁg‘gff'ﬂ&tdﬁ'é‘tl%r \ﬁhﬁ?ﬁd&‘étéa deticR TR ThESero flow

i nvention. s a graph ustrati ng the spurious
stete istermirated by al truofiew Istatemthichaisseumiadtedldgy @ abueiowstate during

devjatiqgns, for an extended zero drift state of the
Ww(ﬁbm?e?"céipf’t 'ﬁla(ga.'%mog"tgr%‘faph that shows an out put

si gFpG, 5 Ra Blobk HRigramuitustiaing Hap®cebabtdps of ted piedahEiflvention.

and followed by a zero flow condition which is

t er l@abeid dygraphrilsstfatiog theosplirtdusnzerd2diiDtime delay Az signal

2005/ 031285 PCT/ US2003/ 027126 FlI 4 is a graph
geﬁ‘ﬁfﬁﬂﬁgeuf'ﬁgas%ﬁfpil#m‘és?% \}‘étﬂ?"gmﬁ i of a flowneter

duriFng. ffis %Zéer\ﬁlBHQHatzﬁTd%vé_c ﬂh‘é"&qﬁq&b@nﬁ@ﬂﬁ Betwedr the zero drift time

assocl at ed lation limts. e zero ow state Is

delagr Wit nahe thpuy pawer derihg @veesd alriét flgw state of haloniolistfiowrhgter.
a zero flow state during which the output is again
moniAGr 8ds axgrepleshewing howi tbelsagipigs afithd timetdelay dy signal of a

B e b RSB ek sin

cufifd RYindtechiniiR)s to @RPRISBIREIcEivéd gthdRnée betiié @VInpLIBGwér and time
the floweter. FIG 7 is a graph that shows the

detay Agspetedticley thet piekoffs.he zero drift tine delay At
and input power during a zero drift flow state of a
Cor iFdGiSshavestnetiack of tormespondencs betyeepHrive gainandiine delay Az

the sanpl es_of the tinme delay At signal of a
duripg\ i@ “aijJIP?”nﬁta%'zero flow state can be expressed as

an #|gehnas a PAPK eESe8BNtISd BE operdtieh dfitheiimgntion.
techni ques to express the correspondence between i nput

powdGaid i¢ aratateqingramailiugisating the eperakien gf ghemvention.

FI G 9~S | ! 0 ' . .
TG A6 bl TSGR RRIERCE BTSN, Bltftinuenton
st atRG. 3 @isclb8eb ainsergbagiment pf tecintentiprathad pesvidésfor tiie storing
the invention. FI is.a state diagramillustrati

G 11 o
andhef a plrality i dariveRiRrgRsienslp erhance the,pgifggrance of'd Coriolis
f|0%ﬁ&re?g}ﬂddd.§,ﬁd6m%iliggﬂst process steps of the present

I'S

i nvention. cl oses an enbodi nent of the
i nvaniGi o4 ig dfiowphattililstratiog theheteps peifagne@ by theisysterm of FIG. 13.

Ble?;%b:'éﬁ gsfhggv%;hv@?dﬂag%(rgrg{eesfs\i/aor% iotng for haa r]’Fo(\a/vrir:lléteer embodying the
invention during a state of low material flow.
FIG. 16 illustrated the expressions used in compensating output information of
low flow states.
FIG. 17 illustrates the processing steps that may be utilized during the samples
of flow signals to improve the accuracy of the output signals generated by a flowmeter

during a condition of low material flow.
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fl ommeter enbodying the invention. FIG 14 is a flow

chart illustrating the steps perfornmed by the system
woofooF3E28513. FI G 15 shovvs t he paraneter var imlT/ws2803/027126

for a fl owmeter enbod th i nvention during a

state of |ow materi al PF%W 595%"@'0&6 illustrated the

CoFioRs ﬁ@i&’%{%rl‘ﬁ%ﬂiﬁﬁ! ﬁgquatl ng out put information of
| ustrates the processing
st epiguradt shoays b<arialik ifipeunetar bropmprsirgpapheter as§ermbhwl 00 and
T
100% 9Fd\ﬁdle HERMy, ﬂr?as\élﬁo%pr%é RS fIB’Q_FéféS?é)r%é%Jﬂez%tallzed mass

Det ai | ed Description Coriolis Flowreter in General -
flow, and enFrargaddeansityexer patbdrdto A coriolipflawreetes structure is described

R

covidabé @ratsticeld ih(drijendlicavivitle adgritow Ynedssemiehow, Ppataius having a
volunme flow rate, tenperature, totalized mass 1l ow,

vibsaling: ReRAHELP m%uf%/pmm%@iquﬁla APcseeaild gxample of such an
apghfﬁwgﬁseé v%r”a'tiﬁ@ Yi5e H%Egméier?n e ﬁ'db@@qtﬂﬁytakltef@@%gasurement

apparent to those s e art
capamhtymrowdedrnyl aQoriobs hthssdlgwmaeterced i n conj uncti on

I ] h , .
Vi b TGl aRaarEN L hBakg RS Bt fienges 481 Bag dotymanifold 102
andesoHits XAusA anaf 1638h mWelQCﬁlpﬁﬁd qﬁék%ﬁ« Semsots P18 bRE 105’ are
t ube densitoneter which does not have the neasurenent

copageted |t conguits | 034-BryBraaedrars| 108 amaéé% |seRvreteedefine the axis W

anfl 8" SBAS wilEH B8 ohli oSEHHREN i P2 L09A and 038,
Dr i Wehed Gidwangtepi1000fsf insenedristold pipgelthel Systemr ghot shown) which

connected to conduits 103A-B. Brace bars 106 and 106
cagigs, e preassneateialatiiad iyvbeing JAgasyredp MASTIRY entesadipwmeter
n i :
osS S, o0 BEPLAT e A0 phh LTSt R (92 GAER o mater
is pirmiedsko Eateeraoabluitsh 403 Asandet 0313, rfbasdhmugrmnrmuitaH%A and 103B

o AT S 55 Fl st EGH 3 paoen ange

109t rected to enter conduits 103A and 103B, flows
t hrough conduits 103A and 103B 20 and back into
rraqunctuutsowaA @ndwhesB are sslecteds angvanpsepiaishnpiountigd to the

890545995 P8 s 4 nd SN g iAo, morments o
inertia and elastic modules about bending axes W-W and W'-W', respectively. The
conduits extend outwardly from the manifold in an essentially parallel fashion.

Conduits 103A-103B are driven by driver 104 in opposite directions about their
respective bending axes W and W’ and at what is termed the first out of phase
bending mode of the flowmeter. Driver 104 may comprise any one of many well
known arrangements, such as a magnet mounted to conduit 103A and an opposing
coil mounted to conduit 103B and through which an alternating current is passed for
vibrating both conduits. A suitable drive signal is applied by meter electronics 20, via
lead 110, to driver 104.
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mani fold 102 so as to have substantially the sane nass
distribution, nonents of inertia and el astic nodul es

woabauws1isendi ng axes WWand W-W, respectiveIszT/U'SIa(m3/027126

sexten rdl ifold in_an .
25 B S TP e e 5 BBAER) Sk s Moearing on
ledds ven dnd 14 Vﬁéspb%vely Mets idisctfinicy | 20 prodi@st the drive signal
their respective bending axes Wand W and at what is

aRReARed an@aq! 1ﬂ@fane@ﬁU§m9&ﬁ%{§é1 O%%wbw%e thes 19BA and 103B. Meter
eléé:tr’c‘r‘m%< ¢50 @re‘ré%% é%é‘ﬁff%dcf% (/éiz)%gﬁ‘%ngle%?o%gnﬁg% the mass flow

rateoaidithe d@@sﬁkyaﬁdihamamemis)asgm@&hmugh ftmnm\etml aiseembly 100. Meter
ternating current

condui t ich
elfdRinics 120 6HF B anniging g e T2 Draiow SORhatih Gt stor 132, zero
ﬂdw b&ﬁe&icﬁﬁé\bnie%tael'drﬁﬂsmcmﬁ r electronics 20, via
110, to driver . 14 WD 2005/ 031285
PCT/EQJMIOI@ﬂogaﬂatesMbe@ngrmlss that @ne epplied overpathekt 0 téver 104 to

er ﬁclvﬂgbéér g@é vel(ﬁgpég naI S ;goo Se[arl nglog\ggxlfg&%%q?ﬁéenerator
retBiRed signalsogstalathapp e andnol 108eh@m|ed B pROKSFICRUSSAMY105'. These
driver 104 to vibrate tubes 103A and 10 B. Meter

signale reenasest e Coriglie dedactians thet arainducegHn flayy ddhasy103A and
@g‘ﬁé@{tﬁe)} }C’ibf’ﬁ m'éﬂﬁ di%iow. f'l’l?é%eﬁs:éﬁélﬁ r?pﬂaste“fgrtime or a phase

erla passi ng
dlﬁe&ﬂﬂmbl whdo@. amphtede Bl prdportiores tb2tthe)fm5||e@‘bal Tlow within Coriolis

cont ins..a driver 131, a flo nf.or matj on .gener at or. .
fichaneter g’ FlowiRisTiaaion srneriha? Beahandiess POl signals and

é?féréﬂ‘é"s iARHmMABsE pRHamind ﬁ1élﬁ1%|té5nél by a‘l‘l@is%‘:ﬁ’f%'rr‘nﬁﬁoﬁ’\‘ﬁég include
path 110 driver 104 to drive flow tubes 103A and 10

mass flowgatesgsk imaterial densityi Mhergenerateddlonmeinferorationds applied via

r i.v.es, st anal s,.over paths,. 111 and ' generated b .
pdifiaRe S SR o 1w BbBRId gieRfiht 5 asdERf 58 1€ he’doper input
tefainaPh 88 oleliteAt13ansThé abwanrinatidaAesh pathf13BmHatbeapplied to the

103A and 103B as they vibrate with material flow

inpueafdhazgrmllew cepeetiemelemant f8 3dnclydpn e sianals 49 b, and 401
Hm@ﬁsn f L ?gg Idagd z?r%g\ﬂ%g@%}élyoggle flblglolbqu Bﬁfdnaéatﬁé 9%1, 301, and

rnat
4@k e rirdioativie3 2f rtiee eflone outwets infarinedtat gengraded ttyn@hél@ckoﬁs As

SUBSRGUERIE Aok PR TGl aanal S e 1y SpScaridha! 816 sampled
re%h@dlﬁb p‘i'@\'ﬂé“dtWe aﬂB]PcaQSH 8f éﬁ@r‘i’ecﬁdsoéﬁrb ﬂf)\ﬂbﬁ?ﬂdtﬁﬁohﬁatlon on path

VI a to the 1 nput of
12ﬁaoﬂélé3|1od|ureBhgat’r@nzerm3®\AastaWeof tr@sﬂqwmem upper i nput
t er mg,nal 134. .The fl i_nformati,on,,on
pat nTsBogifide B sRilis 3l Captiala byl stspis RRb B 8 the zero flow
cdrtsption®émeht 038 elenpath 18330l thé'dd)ﬁﬁ&l mbat $4@J Rfkwite®134. Switch
301, and 401 20 shown on Fi

1348 e és uRReRPOSHiRH 89 siwwm%?i@ﬂ whea ﬁh%ﬁ@w%ﬁ ingpmaterial flow
stafd Aﬁ%t hf':bne, Pﬂéefigtltpgﬁg ﬁge MA‘E iffbMa ot §helatras hliod over path

gener
136 to the upper input 138 of switch 134 which is then connected by the movable

element of the switch to output terminal 141 and output path 126. During this state,
the signal on output path 126 represents the material flow information outputted by

flow information generator 133 when there is a material flow through flowmeter 100.
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subsequently described in detail, this signal on paths
201, 301, and 401 are sanpled repeatedly to prevent

wotzhes/apssi cat i on of erroneous zero fl ow out putPCT/US2003/027126
[ mati on,on the zero

f h
Ton 18 26w Raractign aledent 533 and Sukdt13d oBekiarnravent the
ar%fﬁéaﬁ& Spé‘ﬁrél"?éd&dol?cbuf agn%ga Path 196 WHare Werbh@zét‘%f Material flow

| ow correcti on [ enmen over path 137 to
theapighr the immer. sobsewermy descriteg, tdm'nglt:hds |Sf§atr3nthet gero flow

oo RS BTHOATAFER A0 ol Sl DR S B o st

todle dpptietiltovutpit patml 26 nTﬂsngaaémhpnﬁwemnheredeb flodl dorrection
136 to_the upper input 138 of swt 4 which is then

eloBRAbLS3aPBeT ﬁélqn@bamreoaéb 1&7éﬁéawtr@f termnl dAD¢R ppsition switch
1391uft Q&ﬁtstlﬁ\ﬁg} Qaém&ﬁ‘ %ha\ﬂlﬂ t?%cf i&%@éom%gtfn QeFrﬂq%ls 139 and

nal —on ou represe
141latEms tinef, Zero geﬁejatmﬂBSrap@Mepatsugartbl by zerol amplitude to terminal 139

W SR PR ey TR SR s S s SAIAS s rom theroto

outhdY pSRODIE 08(4ieh TaererRainshih QM\lsC;%shﬁ%H 'aﬁB RusEBH S|§ﬁ§l of zero
and switch 134 toget her%é)revent th appl i cation of

araplitude da be@ppiad t@ Pgthnl 20 50 Ing as 1tzeszems‘icyv cogeetiarselement 133

oSl LA Ravns¥ 1Dl B eeiq V3 + o correcti on
DHéraret Descrijpticie of AFirst PodsibldPPéfedfedZEffbodiment- FIGS. 2-5

representlna a zero flow state 5 to be applied to
D 6. This is acconplished when the zero

[)laf)vh%o-? Fgé (995? hS\{Wﬁﬁ ?pl%ﬁ%, Iﬁ&”ggtﬁ? ﬁéls%df of a flowmeter

dutidy a lzertooﬂow stdtewaisqosteown on RGO Rris byl Ltplper detiatidn Il|mnte302 and a

con ect ter s 139 an IS, ti
0GB arvietio 18 A 1 Picet Ry thess danaton el are generated
,Stsgbgé?}ﬂg l?ftﬁascWBé&h i s extended over the movabl e

tact to termnal 141 and fromthere to 10
out pIhe patiroritabaxiswiftid®. L3presaritasinita of hine.pddiese amits may be
causes a,si naI of zero mplitude to be applied .

setcgnsstw' 2 0Dy Sen LS, TRERer fbTaftasBi thédnits of flow
vl & MERé z4doiftedretheivieeticd! Brik répreeRtsahe H@8iréd outpudfor a zero flow

zero flow state._ Detail ed Description of a First

staleafitng Bowmetesr (Tde fam@atalremkllnﬂ?@ representsea low few gut-off value
h
onﬁfth\'lé\I{ r@a rgltr]a$ QF é%é %Qzﬁd tg)f ﬁe%fé‘? Tﬁ?@ﬁé@%ab?%&@ﬁ%é@%ﬁthat any flow
mbgoitudd bEE)W Ahs 2hwilnnoinb& Ir&poiRed 30 a&n usppeand deilli k& esumed to
[imt 202 a\rﬂlgwa(ﬂa{q?v\er deviation limt 203. The

repreReEt 8 50 ese deviation limts are generated
IS WS&E@FM tMe%WétQF@'n F-@% l')’@dlhé?ﬂéﬁb I@ti‘étﬁ)noéoa': at@bout time

2 represents units of hese units may
1Gwbereithe true diowsis aeomw, unds é%mtrdaybw Sﬂ@ée eeds |a¢ daocatlon 208 in
whthnE $RWCSISEE SnktEns BbhRwakd bhdifle 209 to location 210 where the flow
drops to zero. The zero flow state of the flowmeter begins at location 210 and the
flowmeter then generates a spurious flow signal on line 201 whose magnitude
represents the signals generated by pickoffs 105 and 105’ during the zero flow state

portrayed on FIG. 2. As can be seen, line 201 inclines upward until about time 280
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val ue. The zero point on the vertical axis represents
the desired output for a zero flow state of the

wof2oamsetssr . The horizontal dark |ine 204 represemssommzn%

b AL Lol 95 BB B g o s
timey’ 201 wherenthgrgrtaptief Eda(BoﬂvténmaatéM will not be
rep be assuned to

fe us rrand wll
r epr A8 HPWa?‘f@% d FpwAwerds it qu@ecaﬁtwaprQﬁﬁntm@e signals generated
by tHUMIGW Reté hiEkSHs 205’%9H“ﬁ)5%‘n§| addvetliegqgghﬁ%? e@cﬁro@ﬁcs during the

about time 10 where the true oW uni
zerpifiow state podrayetdyeFiGhds Buring this tiove @0dri 104 tzdmtrtimes to vibrate

thpfont WSS TBPIERE hf coRiipd KRR s BRsfoned s paterial may
intlude baibbles 2fd thfsaag{]daﬂmbﬁéem@ bibbids tb‘?ﬁ@t?tegba%tlfheﬁf%oﬁs and

the 30 flowreter then generates a spurious W Sl
ggjieratenehase d (iesercarbignpls. dEhesephase differenee slgy\aésl are applied to

m@%?’%‘étttr%‘h W1 R WK § emﬁ?g géﬂé[@stg%éﬁ‘pﬁréé féq]w rz'ﬁpﬁ%presented

|ow state portraye
b)QUtB datﬂcteﬂaghapwaitftﬂerenbel bwever ithie é}ﬂﬁloubﬁﬂ&)@rate signal is not

%Pgl 5/ 31u§ ) g S2Q03/ 027126 where it reaches its

£ 190URY! 148 0 BigtRyelesiteniss 1120, .Fe'szr@ndeebmlgfégon of bubbles

geHdralesahe YpuridudBow 2ateWing jégz%“ﬁl é TP,S spurious flow
war ds

term nates. This upwards an
rajepgan ¥araesdonly hieelﬁ‘lejmhﬂestlgrenerat ed by the fI ownet er

e 90 e A AP el B oA s o

rafuof |ngrdef$ir£g tiagRitddé upto Htapex i Nudiert & Wégﬁﬁ@f&dé&t@ase at time
flow tubes and agitate the contai ned naterial

280309 gRBiINUeTiosdegrease antibhe terminatian qtabelgeaptaau tinfei 820. The

t_th
SRR FIR SO Tk Pond HERUET of oo 2B ThdioBRSa hEronsingespurious
flowhegniudé emtahrterwsahe zer® arispati #bUt AimeTBBO! To the right of this
el.ectronic g o?l enment 132 generates a spurious
Poito 4 80uuect dediRass of 0na,2u isligubedrelingnauabibs have reversed
du‘élcfléﬁfafh@icé?re gENEBhg d Bht%u% %;ﬁ a@‘r‘éprfek Wik taere%bps%%puﬁous flow

not applied to output nmeter e ect onics
throwigh flowvmaeter #0gr at i on of bubbl es generates the

01
Thi o B SR D T R 2 PR P ol o, e wgtalcpot and is
asgociatdd devialibe limi@202shep 0¥ féhehd GUFétﬁihdop%é 280 Glow state

line 201 represents a urious flow 15 rate of
represepied by FhdgRi tline apgp fepresrty @exupRner devation timit and line 203

t .
oA 4By SESE R i T AP o 20couso e
flowetetemtoere nmesg é tneezezb fipe seimppling sta@hso loag Qlasﬂﬁé vhRR d¥fsignal 201

line, 201 in eGreasi ng spurious

dofg it P&f&%e%ﬂt‘? eviatigy gggtgsr eprRseata by Xings 3@2@5&1203 forethe time

begﬁﬁ’lmg'rﬁt bBstiéh gbg of this point, the continued
ecrease of line 201 indicates that t he bubbl es have

r evrig BExt described, how the flowmeter and meter electronics 120 terminate its
zero flow state whenever signal 201 on FIG. 2 assumes a value that exceeds the
upper limit 202 or is less than the lower limit 203.
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20 direction and are generating a output signal
representing a reverse spurious flow through
wof2oasmsetssr 100. The graph of FIG 2 portrays Praa/us2003/027126

sgur 'i.ous H g_w rate signal 201 and its associ ated
Degcription ts 202 and 203 for the duration of the
zer I i [A=Ye] g : VihEl i :
16! oWifRfsiafes 1RO J@)\‘/e‘?ﬁﬁ&g dVthE! ﬂ%w%gt%«'i ngb%gl%m%the present

represents an upper fation limt an
invantioeFena coaditiondn wihich tei zemo flowi stateTin defmioatest amd eapdaced by a

wfEelecBL i5y 7ReiFadin 7 Sheall win RHTE BaterBLAGHRY Bo thatends
at WcaioBEU8 Whdre Weasutpat signsiarthditihstewimba@nalbhgivetical tine 309
represented by lines 202 and 203 for the tine

to lcgitiani3§. dochtienBil 8ibegns. a reroiflowietate whistrextenis wemardly along
. f | ' ' Minat e | .
ing 03 1o APt A SO Bha UL BRLIFRs ] R 13y eroignal s01

inareaseedranatidallg to fedation Sdde Sthitow upiier Location 393 teminates the
ok A ULl S O P oot
repbhs'H FrakCiow hsutpBebatsP s 4 Gﬁgél PRLHE "tf\}ﬁ {&éﬂgﬁi’cgr{‘ @f the time

the present invention for a condition in
repieseptadoby thevgrephtaf FIS. Ber mi nat ed and repl aced by a

t ial .fl Th h ,of FI beg;j it

t r udn fabgond sisyigtfo FeEaS RReddhnne20r oRFHG P on FiG. 3
repfegentd the spuiriput fOWORAE of HRNAOWIRAST dlaiMy \Biedzetb IR state. Lines

vertical line 309 to location 310. Location 310

308e1ch303 rerresent the daviationimithofoutertifow saker 1y al ong
D%écﬁﬁti&f%fﬁba? apex at 311 followi ng which it declines
3 where signal 301 increases

dr arfdte gedphyot B1G.04 gidrivays3 d4zdro flgv tatey thai begins at time zero at
Locat i 313 termnates the, zero flow sanpling state
loctog &0, 2Rt ERinatiy ehriprlion 420 Bl 181 BPUREUS Tow rate 401
delct BRI KId bRy BRBEATorR42 | World WHieMliRel43Y. ﬁQnéWhgﬁ%@A%ion 421,
'tne 315 for "the duration of the tine represente y
the Aewmeiphrepprisladrusmaterial flowrofappsoximately 26 flomaunits until location

i hedf line n, Fl 2 ine 3 n F .
4 edfe oRiatong and s Bt MesPi b §ebt vl bt Bt foation 425
anduim@800hT haehayihd anothleRkero flaweamplkik seitél dGARg which the present
represent the deviation [imts of output flowrate

invaRtionpreygnds mq,gemﬁfatj@n pf qroqeqqﬁeo@pg {gnals p;q pathg126. As before,
Iin?%roqrrlgéﬁes%agse@% dédd?an%tfl% a@?‘f tlhg%'vﬂﬁet%h QBH% gﬁee%%rgqfow state.

ocat term nates at 1ocation
Lirsp401 susurfdumdedddydingOiD2 rdpeesamtiag tiselddpeard deviatidndirait and line 403
421 al.on vertical  line 430. Follow ng | ocation 421,
repicseRiiRgha Owerdgyiatendmit ue mat erial flow of

DEYRPbASH BRERL Y525 flow units until location

As mentioned, the method and apparatus of the present invention prevents the

generation of erroneous flowmeter output signals to path 126 during a zero flow state
by creating adaptively changing deviation limits that track the spurious flow rate of the
flowmeter during the zero flow state. As long as the spurious flow rate signal 201,
301, 401 remains between the deviation limits 202,203, 302, 303 402m 403, the
flowmeter reports a zero flow output signal to the user on path 126. This is
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20 423 where the flow stops and falls below the | ow
flow cut-off value of 5 at location 425 and tinme 600.
WO'EmSﬂBngl ns another zero flow sanpling statePdurisags3/027126

which t resent |nvent|o rev s the eneration
acew&hﬂ&@éﬁgmﬂ"ﬁ\oft CAUTERNINL %%eagt A&%@@@téﬁ a “zero-flow
trelaltfy ARY iR HRABARS thd StepRLUHoNtPo \:@@/ sate of the

uring the zer ow state. Line 401 is
sur 1Iep &84 sefs thercontroblimié yacdakins rfcprghe Isgsﬁgnp)eihls includes the time

reprg@gp{e&&y th{e HZSB% exns ngg’\?p% i oﬁ‘ nt | @%c%%ld be seconds,

miffBtds, ABaES, o dayselthso #ra%mmeaiauwe@ésé@@dafmrﬂow magnitude
i nventi on prevents theFigeneratl on of_ erroneous
!

remeémt\methaamrpml ligeg ®AFEGBo2paitandi26 Thadewdlow ewralf value is also

ot S o P A P S BB B b o

thé Iflowmgmlfelmmledgotdmpatqwa?h f21I§6vbysmete? elé@trdamcrgme onEG. 1. This
spuri ous ow rate signa 1 301, 401
coplet be 8 magniugs af Mt w'@'rﬂ%Z%@ngo@B apb! 1G85 é apgsfespectfully.
{ t |
Sté& %Oﬁegﬁrggg}%‘r’]\!%aﬁegﬁgg&é t‘lc"?ﬂt@e Fﬁét%nfa' ﬁ%%ﬂogﬁfg\si?G R8'determine
wl‘mTéerﬂﬂﬁ/lgmzaan the owpllow Iaetiotﬁyalz.ler&lilQWrow lines 204 and 304 of

flow

FIERE g 3 TeRREPEUbn ol 06 arere! S Srarseso g fiow & off, the
op'érat%rﬁsbrﬁ%eg ahd sid?%ls?é)ﬂetépﬁﬂhelj'WéleM@ht 504 @@erfpath shls to element

system This includes the tinme represented b?/
STiovhigbraoatinugs o erPar ths trge flgw raﬁanwdesaa% apRiyt an @atntdl on path

51%% ciggwé Wgu?o LA 5050353 og%ﬁ'%t%ﬁ? ntfnhe@llﬁ&%lé)op so long as

I'nc val uesS assi gn ow magnl

the ensrdteed flow drhpather26 exdeddisithe lok fIEiMBJt off va’:lue and 4.
The | ow flow cut off value is al so

o b|'f?'QFSP“\Pﬁp%getesf%mﬁsa@aéthewa@{‘ébﬂ%tﬁ o5 Banspg low flow cut o,
SOEfRal E%aﬁgg& blertnt®o4 \flhi%hfe{s%)@r%' &gﬂér a"i‘ﬂ%bv%?'db@iatlon limits

ut put” path 1 nmet er ectronics 120 on
refresentarbloy meHeZ(ﬁmendrﬁgalmlﬂG @ anth3@2 and 3DI3c!m ElﬁB fhanmid 402 and
4,0 08 EhF GS. 2 and 3 respectfully. 10 Step 503
the magni tude of the material flow on path

126 $tepBebIctiémfineVABIRIT tIRS sh@iodstzdrs flb@stateRadhd lze1 301, 401
| ow fl ow cut off value shown on |ines 204 and 304 of

is petesernthg deviatios dipuistsperifigd in stepRD4adt tbeiaaswer ghstep 505 is “yes,”

o SE5°GERpL S AP S 4008 Lol RRAPIA SRERRD B rcton
elémesnt $&Rb}‘ mébdrielebirorics QBO Iolﬂ F66. 1 ¢to applgrat S|ghal dgfr‘Otto a user over

path TeRe Tse4togt OLHERENE 1s gapian s siseraty whichrlsesdas next data
pdirgl foiep? %Qs I’\ Féd td B%n‘i@rﬁ'é@r eE'IeHM 531'5 é’@éll’és a S|gnal to

excee ow cut off val ue. el enent
elemeot ﬁﬂﬁwld:l‘hatocelaeemﬁteemmdldaﬁa paint.s Iess t han the Iow

uhi cHitefEieten S ST sameBiiah thBPSH abighar oo 85 the spurious
flow rate signal 201, 301, 401 remains between the deviation limits. This zero flow
condition terminates when step 505 determines that the material flow is not between
the deviation limits and applies a “ no” signal over path 508 to step 511 which
determines that the flowmeter is no longer in a zero flow state and reports the

magnitude of the true material flow over path 126 on FIG. 1 to the user.
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represented by lines 202 and 203 on FIG 2 and 302 and
303 on FIG 3 and 402 and 20 403 on FIG 4. Step 505
wodedsaBmsses whet her the spurious zero flow st BCH?/ISiZ(g]BmIZ7126
201, 301,401 is between the deviation limt
specﬁq 'é@P@rr?"ﬁ '@M’%G’@V'ai'f’nt"ﬁlétsé?ffm 208, @@r@pﬁai@-ﬂaﬁeg as follows:
'yes, yyes” is applied to step 509 to cause
the flo eru'téﬁrdx ro flow correction elenment 133 of
meter electronics 120 of FIG 1 to apply a signal of
"0" to a user over 25 path 126. The out put of step 509
is applieg=tQ stap 515 which causes the next data
point to be processed and applied to el enent 503.
WEkkgsrent 515 applies a signal to elenent 504 which
rocesses the next data point. The flowneter of FIG 1
i ns iT t hitheugegr 669\&F?Wﬁ?rd#ﬁVa%t'qu'HQ't%ée&Hﬁ?@t%@Mr i ous
flow rate sign 201, 30 401 re ns bet
Hdevi ati o | i mt ﬁ% averdge ‘%éhﬁ PreYaHs S%H@Smﬁéﬁetﬂu'd signal.
term nates whe 5 determ nes that the materi al
Stlow i's rot bRt deRg dauatian e PHRvIGUS, FaRIeFes a

" no" signal r

Adet erm nes t haﬁgthw‘{} o\?\%@q&o%ratd%ﬁlgﬂ)ﬁﬁgg}a@qmm tr%%lagerage
fl ow st ate andhééipnitstaretldesiredad betbyddeafserhe true
material flow over path 126 on FIG 1 to the user. 19

WD 2005/ 031285 PCT/ US2003/ 027126 The upper and | ower
TI'ﬁ@FS'g%tn'trﬂﬂ ulgid@céssthg Re?lfgﬁa?ign)i%or@%{@g?@ﬂ%‘éhfﬁéﬁ%oﬁe spurious flow
sigria. (hyeedunionl cofmlsarméansimndieﬁhes andspay réprebgnt a duration of

t f th f t flypd
sespgs e or s o pulttibie.Llgeufas; BR fRubrie Beatisdhé mepcess of
FI@"mjvﬁén the ﬁoﬁ/ﬁ'%té'r%m?ﬁte P36 aFcﬁiéd@éIQWQ%'Ié\k'fl%ﬂﬁmﬁytﬁ’f/pomt Once

fromthe average limts are desired to be by
the lsampling. prohess isl eg'aabledxrthapf@w@eter Bgentiruesato wport zare flow to the

aonce.. ry. N es_of r fl
osBR BB N BT B B ALE bRy sarlea ot
abRRISIRNGW méj@é\ﬁémdmhrﬂfts PetEnslich arsteptatainge cﬁ:@M& the zero-flow-
Wth this algorith the flowreter begins the pro

trejid filter thepresenhventien willsvahiiraonAgain pntﬂj@e m%ﬁgalﬁléw@e drops
t Once the sanpling process
bé@‘%éh%@?wt‘ﬁg o%fﬁ(e@el&?fer continues to report zero
f 1 obeseriptien of acSecond Pdsisible Preferreddmbbdimgent FIGS. 6-14

materjial f]ow that forces the currently sanpl ed data
D%\Pé@&&f@éa@the deviation limts. Wen such a step

change; e arapthhﬁo%/ﬂﬁ&ﬁé fiffe delay between the time delay A¢ signals
of pickoffs 105 and 105" during a test of a Coriolis flowmeter filled with water under
conditions of zero flow. The horizontal axis represents the times at which the data is
recorded. The vertical axis represents the time delay generated by the pickoffs during
the test. It can be observed that the time delay 601 changes significantly with time
even though there is an absence of material flow. It should also be noted that if the
value of the low flow cutoff was set to 5, that there would be times during this test
when the sensor of the flowmeter would indicate a material flow even though there is

not actual flow.

20



10

15

20

25

30

trend filter the present invention will not turn on
again until the material flow rate drops 20 below the
wol2008/d313& cut -of f | evel of 5. Description of @Cc®awsand/027126

Possj. bl e E ferred Enbodi ment FIGS. 6-14 Description
M@—%_Iﬁil) Ngyes o d- 6 is a graph showi ng the tine delay
bet wpgn7 918 drapk sheling te @I&I@Isﬁ%p Qétvd@e‘hktﬁéfiﬁ?étgﬁn\@éWOZ and
I I ed with

105" during™a test of a Coriolis flowreter fi
timeadelay dAd eecorzedaturiniotthenestatf FAer 6. fThedfirstTthing to note is that both

of s @R Rlea T4 e TR B xhifiRefip SWofid cptfistEhbetween

thelpipay peweevatigsle Rindt the tihe Helaly/afiabiedlg the test. It

can be observed that the tine delay 601 changes
Descrption ebhtG 8 with time even though there is an

abs e [ cihbt I t ;

aDSERSCs HpRBLALARL abUFIGL0 8RO & el BrB LR o dorie
the kapreisbimneshvawn dnlfd Gl iBnesingl wallighavwr sutvesfittifg tedteniqudsesuch as

sensor. of the flo ter would indjcate a material flow
thGRELR OV e Eod) SOTHaLe Jppaict SEMC S

2009H@3 e dRXpréSaiGPR 027126 Description of FIG 7

FIG 7 is a graph showing the relationship between the

i nput power 70R2=and51Bkrel&leb4y 701 recorded during

the test of FIG 6. The first thing to note is that
Whberteh of these variables look simlar. This indicates

that there is strong correlation between 5 the input
r’ro@@957ar i abl e and the time delay variable.

Description of FIG 8 FIG 8 represents the data of

FIG 6 after it is sanpled and curve fitted to derive

. J ' |

THE B8 5 R e eebh o R0 Lo THB ke sens e

intBIcEpt oAahe VWaris Whidhadltied inplut Yowepabh ttimel BelblyeA fledfizees!
expression’is y= +1513x+167.64 \Were: r z = 0.9957 15

The THeoRet fat ind 83 i$ %s&é’kﬁidllggkﬂa@{t 2P0 s 4 Eﬁﬁlsqtgﬂﬂsbpe from its

The term 167.64 represents t intercept o y |
et (it et
zero, e fact, ine IS essenti . strai :
cogielptiondeiwegndimafelay §Ad JaEHnPLLPOwE; Alsprip afconggGegth well
it d . ' [ [
by e o3 Ba AR, e AR R IRE K2 Sl B i g s o vlue

cloganiet“1P MBEatedltisat the Vafiaon dainpat pbier Weldlated to the variation time

delay At or vice versa. As a result of this correlation, the input power variables of

FIG. 8 can be used as an indicator as to whether the time delay At obtained from
pickoffs 105 and 105' during a zero flow state is caused by zero flow or changes in
damping of the flowmeter or material impurities such as bubbles. If there is a high
correlation between the two variables ( At and power) the At signal represents
changes in damping for a zero flow state. If there is low correlation between the two
signals, the At represents material flow.
Description of FIG. 9 .

FIG. 9 shows the data generated by the same flowmeter as FIG. 8 under

conditions of material flow. The derived expression generated by the Excel curve
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20 known curve fitting techniques, the fact that the

r2 square termon FIG 8 has a value close to "1"
woiznei/isaises that the variation in input power PETSk@BAR7126

to the variation tine delay Ot or vice versa. As a

fittirepiglchniofuet forsthe @at# bAFIGIE ist e 0.0008 xpoles.26anherel £5= 0.0405.
of FIG 8 can be used as an indicator as to whet her

THESrbEBof Ao ddicARldt ARGy dd ATy Phcko fs 105 and 105
tate cause y zero flow or
Wﬁﬁg%ggs_ in 25 danping of the flowreter or material
rities such as bubbles. If there is a high
meer r@juatgmg@ég\@emé be1tand vari ables ( At and power)
the At signal represents changes in danping for a
b zer antereapt of éine 90N fon ther g axis | ow correl ati on bet ween
the two signals, the At represents material flow
THee e [©1.0008 oepfdsentP tisd rfdaB hA&rizontalsslope afalire 501 and that its
generated by the sanme fl owreter as FI G 8 under
y tdentiept en$6m26nat e la valuevof thiber Udeiny £0.040p) exticatas a very low
generated by the Excel curve 21 WO 2005/031285

cd?@gpb’%?@é% Qé&é@éalo%ggﬁﬁgggta‘;%%\éﬂ#%‘b}% Qi';d e u‘%ﬁ’:tt ﬁo%r variable.

eXprlﬁﬁGo@ theT 2?? @Oﬁ anotlé‘%téfl neﬂbé(ﬁ |§’n0‘m'$§nhd?ulcorrelatlon

Where: “m'= equals ope 0 and

bétﬂb@ﬁ%@hrﬁé{%ﬂéﬂ%zg%dQHetulik?utXboW@rS The term 0. 0008

represents ear horizontal slope of line 501 and
t hatFIGSs 8 and @showepat atdowblonas thelimeakored/fidw eatefcantee unstable

b%éwﬁ%i%é %@04 3 ll{}]g%%%g%ef?)r Verﬁ]ee?r\gﬁaﬁ ] eéﬁﬁgéjseur}eg flow rate
bRDWes ¥@ableAbTKis dHénEh%no(ﬁ cdrlBe bérib&icd t@fch%n%ég% dam&ing being

I ndi cates that there is no nmeaningful correlation
mpes peralenhat zercrélomrdqwcﬂow thad under nerpal fippveanditongsind thereby
8 and 9 show t at low flows, the neasured flow rate
Caé‘gwgo%erﬁrfﬂ?ﬂa (2% but when the fI ow rate increases for

Dédwiptian®fmacenpal , the nmeasured flow rate becones
stable. This phenomenon can be attributed to changes

| n d%iﬁﬁomﬁ)glllbstratgs the veriatiev il ¥me dealay ério wWithowspect toviime for the
di ti ons

trie,etar Javstelel ergaong Srpbaumant RS el forhgZete oy aate of the

se%nb'érﬁﬁédlﬁféh? tr'h% Iéﬁhj/ akik Oh FIG. t1'UTf%p€'@ééFMs Rbriafidds in time delay
respect to tinme for the true material flow state of

h
S5 TR LB BB P il o Bl R g v
truee H(gv(\elss?aqtesex g Fr'o"rint tllr(r)\g% torh ?F q’?\e Haterial flow 1002 is then 50 units of

At . This flow terminates at time ¢, where it falls below low flow cut-off 1003 having
a value of 5. The system transitions to the zero flow state at time ¢, and remains there
through the beginning of time ¢,. During this interval of ¢, through ¢; the At
gradually increases to a value of approximately 20. At time ¢,, the zero flow state
ends and a true material flow of 50 A¢ units begins at ¢, and terminates at time ;.

Attime 7, the true material flow decreases from 50 to 25 and remains at 25 untiltime ¢,
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20 0t . The horizontal axis represents time intervals
fromO through t9. On FIG 10 a true flow state exits

wofwamstisse O to tinme t1. The material flow 10@2TiGs20d3007126

wagetHga'tl}@e ﬁ{alterléliflo %ﬁatéﬁo%nﬁ%ﬁng@WS%W gwec#g’off 1003. From

tirdél Y ethpSudh tinhBEr Sthelsatdrn aevdrid BAck fothehRré ‘ﬂb@\/ $taf@during which
state at tinme t, and renmins there through the

th@qgné‘ﬁhlegrs ? ‘fd(?mtc%aasegﬂ rﬂgifﬁ@ S hBthyal of t.

throu radual hCreases Po a value

o UL oy B AT ée[f el i it Bower 702

déViate3 lﬁ“ﬂ% E&m@rﬁéﬁﬁérééd?é%fgogod ing té%fmeh@%w This

material flow decreases fromb5 remai ns
ccitﬁaamxnldlent:e ne atsd siEBVON2PIE/ & 3/h28e Iiﬁéi’B&JS%mééé}ﬁ?\bZﬁle derived

when the true material flow term nates and falls bel ow
expressignshowathatbolt imesistay &¢ oare repfe@enm byt @ ggfresponrdence that

|s§§rsle&tgal%ﬁte%m ﬁ’ﬁ ec{orﬁeés%%hgbgi Y ref ?]t%% ?)g é@é?epy%qnexpressmn

whicA@xpresdBk ke Eéléﬂ%)risﬂlp bétk/e\é’hhnplﬁ%o(/\%? ahb et fférocﬁb %ro flow state.

under st andi ng of 7 that the input power
It ddllvalao de nenatleﬂatl'wrﬁ@r aratete of frsedoeterial flowoliah;iamsh@v\m on FIG. 9,

state of material flow This correspondence is als
thef\sh N8 rfaTasPogdaRes defwern dime reiransepiuh Gomes. in other words,

on. shows ,that ,both tine . .

'n?réaﬁrsg‘?,e?ﬂcg&’eﬁgﬁaéeéomrE@ﬁoﬂﬁ'@%cétt hﬁi’e RS "%%@Eﬁgﬁélr ?lﬁ't'O”Sh'p to
variaBATin inBut polies UARRGIAARAS! fAcw, SPr esent ed by t he

derived expression Which expresses the relationship

bet el 10nvalitateswes relatibrishigsoshavrebetveznfihpwt povedraandl Q¢ for the
It will also be recalled that for a state of true
zera flew sdateranslinemaaterigkfilomsipte oHF IG%.8 @1d 9+ hbve F!S. A8 shows that

gor [ &s onde bet ween ti At _and input r. | .
th A RRgYels 00 RIPARS Sonsiant dond Ime,bteryal fnirgupl sawhen line
t have no meani ngful relationship to variation in
1007 trpresertiindl vy i ngmaitseat &l canssant level ofl §0y al higagsoborates the

' [ b [ d At f
reldt S RN B e80re o the marori ol ow St ate of
FI G138 1@@s@sh3—\p§ﬁ1at'ﬁ‘\é—:}nﬁt@@?&n@"’ﬁodhﬁ%reé% v}flﬂ"Pé'ﬁncrease in At

power 1001 remal ns consta romtinme Interva

frémtiond p, fols WTRHIs torespdritiBotted FetatsHishifsfown Ireries. 85 FG. 10 also
a const ant Ievel of 50. This corroborates the

sHoWNsAhBOtHE ThBuSHeWEr 100 Hldmaifls c5h§ant193 HePus H%énéﬂ'fﬁ)tw changes

the i nput power 1001 increases wth a increase in
fra@ & amof Bﬁmtttitndz @, téhd fEfisto @oMrresp@bdehéere it I'emams untll time ¢,
rel ati onship shovvn in FIG 8. FIG 10 also shows that

DMy e Yimd @vBFval 00 LtHr80 A NS Lﬁt&mera%@h?eﬁ{aﬁ’r?s constant with
material fl ow chandges froma 50 at tine nd

BTy B i M AT e B e o
flolvspg&t-cr) Valu& ar S’et gygter\nm wnlch is to the zero flow state and remains there

fromtime ¢, through time ¢,. During this zero flow interval, At 1002 increases along

with an increase in input power 1001.

In summary of FIG. 10, it can be seen that the input power 1001 remains

essentially constant during periods of material flow even though the A¢ value of the
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changi ng values of At 1002. At tine t7 the materi al
fl ow decreases below the |l ow 25 fl ow cut-off val ue and
wothes/symssem which is to the zero fl ow state amdTrEso®i3ns7126

t here fromtmet?throuhtl ﬁ‘tg During this zero
mategal flgw ehqnges. £16. 18@489 @Et |iBRig querHOQH increases along

wit{GEAES Sl 5P 1ind 54 e TEBE bRy AR itervat 1
essential |l y const ant during periods of material flow
throygh &ah%%mtth@wh M€ de- of the 23 WD 2005/031285
PCT/ USZOOS/ 027126 material flow changes. FIG 10 al so
1i nput power 1001 increases along with

i nc F‘?ésqé %'?a %tg?e Blag;t r‘ﬁ if s‘itﬁti’n@q‘Hhhgr ég{agsfdfgm? %E/?t'éﬁn operation

portraye rotg

pdrl'ﬁé%tﬂbn‘FIGe1D9 Tt‘@@é‘rﬁbéﬁé)@‘oﬁfﬂﬁ @1 p"&trﬁyﬁr@ tlﬂaé defay At ; the

state diagramillustrating further detail
hosizentairaxisgeptdsents poits ofaylaut powel. J he_etatah)éthﬁesystem during time

aX| on FlI ortra tinme dela
intgp¢a P&Hf%ﬁg%akl fr@mrbe@ﬁ@ hheshaying 4 fqﬁ&ge@nd andnput power
state of the systemduring time interval O through t,
of bs Tﬁeqwramet@ns@f irlput p@welnamdn@t arACDnsﬂan‘sdumwmtime interval as
ararreters 0 _g vaer and A
r val® 43n¢

showgy at BB verdiahia fir dneveoven 26 variaiens In these

pathmehsts LRI trN@rtHeCﬁfheNaF%sz{oWﬁ‘%t h&ANG 'snval| -l\;Qﬁatlons due to
m nor variations in these paranmeters during this tine

variatiensyiml maaswkdinput polaey and nsaslured A7 .aAs sowaloa RIG. 10, the true
variations in neasured i nput power and neasured At .
flomsstatmendsat Hh@ %1 0vhanhibet flaye falls| halowtthe dowfidsy awt-off nelue of 5.

t1 en the flow falls below the |ow fl ow cut-off
TW?IQ%?IW gtate 160 DRGIRSf | ow state then begins. 15

Di agﬂﬁgbnél'hﬂﬁ ﬁb@@:o‘ﬁ‘érsf)@ﬁ@%f&ﬁ]é {201 biEI B Gl sﬂzdv@ aémcrease in

as | ncrease I nput power and

bodhutheng\puh power andl| L diriayehe Zbrsflawstate] dlisterodlow state begins
begins as shown on FIG 10 at tine t, and |lasts

ast shawrgbnthlGe 103t tinkheé, and dadts dwosphttinalsgo Theezgradloat state also
the tine of t7 and ends at time t9 . Accordingly, on

belgiris atlthettiiGe bf 1 ahliG8nds AtXirewe! Aedor@iRblyy oA F3GINALRE line 1106
and t7 correspondlng to the begi nning at the

itsfllé : @)?%@ﬁf@%ﬁéﬁff@ém' %gdhﬂggcoﬁésb%ﬁfng tbﬂu% Béegnﬁﬁfnﬁ at the time
oAAFIS el e e SE SR, e s uor
exgrggg ?ﬁ?’%@g‘?f:tﬁgl%o@d‘af% ]tﬁg s%@ﬂdlnélgg the tlme interval
SR B O S S BTRATHAPR LD s 105

1107repposite sides df line M 06 gine tite dppertanel loeeodéviatiors limits respectively
corespording o deviation limits 804 and 805 on FIG. 8.

Thus, the time interval ¢, through ¢, for the zero flow shown on FIG. 10 is

portrayed on FIG. 11 by line 1106 and its adjacent deviation limits 1105 and 1107.

This zero flow state interval terminates at time ¢, and the system transitions on FIG.

11 up to along the dotted line the location for interval ¢, through £, on line 1109
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portrayed on FIG 11 by line 1106 and its adjacent
deviation limts 1105 and 1107. This zero flow state

woinesei3vzss termnates at time t3 and the SyStel’l’CT/USZOO3/027126

re%;ﬁ@lﬁ% %ﬂt?)%é) ?Qﬁ'fcler é)mllg#Wnésg vﬁlu%&ght#g tgt?ﬁ si ér?%@ut power of
5 84 SHEOWAGBP( Ia%@ﬁ Jn CH((}JS@OO%Q%% ﬁq réﬁ{@&bﬁﬁ %E 'ggaté until time £

true materi aV|ngava

e WA ok PR G 2, 1995080 gt rer
th\‘ﬁ}lﬁlﬂﬁg thsm ere I% é%otw Of@arqgmﬂ?gﬁeg nA}Eevertlcal

s an 7rena|ns rou
al so. shvvnon G 11 and is |ocated on
it 2103 bt sgtic 87 aswreéeféml ng an input . power
of SThesystemTttensilicAE Mokt Medthictdttrdd ABEME fHhWABeRthe true flow
true material flow when the true flow falls below the
falle wefdvothe low Bow aut-off cftS at timet 77, .. THGsysthest thart tewerts to the zero
reverts to the zero flow state in whi ch both the At
flow GRatanich WRRhPBYEY tHeh Ut mlahBQh@Zé&Néﬁlr_ﬂPut 1001 increase in a
correspondi ng manner as shown on_ FlI his is once
cq@ﬁmngmgmapeqr as/shown pbhidG. 10. Thisds ahce hgbiagiarsayed by the line
ckge%and en tlrre@? FI.G 11 clearly shows that
wh LRG%%@ '?S‘P%lﬁ eRe9tiMenki-ns at a const ant
val ue of 5 power units during the tinme intervals in
whi clG-Hd @%rthéﬁm\gs mﬁtéh%m% pgwer pfjline ﬁﬂpgrremalrfs @lv@ constant

vaT @5?5 ?b%ghﬂﬁ§éﬂﬁ%@th@éﬁné[r@@&5ﬁ %WFW f?\'é 8)8%1 ?{é@e of true

mat&nal ﬁpwt Towsertimaantgamisatehcleady shawges FiG. A1taréuri ng
the time intervals in which the systemis in the zero
1§t dw &4 atfe.ANdTH s ti s FiGr {1 Aleishewsthat the inguthewarichenges with
1106 which increases in both power and At fromtine
changeisrio ugh during thetime inkrialain Whizin the gstem ishinabiglero flow state.
time t9 . Description of FIG 12 The nethod and
Tfaiprj&patﬁwedfort hi&. drigayetite linevEX 6 whichrirereases trhizoth power and A¢
plication of 20 erroneous flow information to path
frqr?ém% i MYOouEB tires ¢, Asovelkaafremtmene threnghetige. 7.t

does this by tracking the relationship of the input
Wt detected by pickoffs 105 and 105'

duri

adapl o e Fafy phetRigs e ShedarRiTENEoh biersoibegppication of

eﬁmlmdUStﬂtfw ﬂlﬁd)rlrwatbrf tel mith CIQS hiupmgehe\@em fidwe st of the flowmeter. It
power and tine delay O t as sanples 801 are created.
d@stbis hﬁéaqmthepr@lﬁélpnsblpzﬁthenldputawwg tofthe e deteeted by pickoffs

1R ctds” Sl Ce  ow BRuP T ALt SR i Pl changing

dévigtidrn Ptits B4 BN & i8D%dhalt $ra@§QHetdéri%§%%tloﬁ§ﬁr? REXWRER the input
that are curve fitted into an expression int form

pateryanrd ke delayOd sFdsCsamplesh8® exeresatedn Simceshe inputapower is
reference together with the subsequently sanpl ed i nput

indicative of the time delay, the time delay A¢ between the pickoffs during the zero
flow state is determined. The sampling of the input power signal is used to create

data points that are curve fitted into an expression inthe formof y=mx+ b . On FIG.

8 this expression is used as a reference together with the subsequently sampled input
power data points. During the sampling of each data point, a determination is made
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power data points. During the sanpling of each data
point, a determnation is made 25 WO 2005/031285
WOPL003/03326503/ 027126 as to whet her the anplitudeeaaius2oes/027126

sanmple is ﬁroxinate the derived curve fitted ) i
asdopwhetiies theampltbde fnthenspmple iscPraxinalenthe petivedurve fitted

expf3sion 301 d&g}‘@ﬁrﬁ@@ thé F@aﬁ&l@;t% béwleen th i 'pZ.thBIoWér and time delay

determ tinme each sanp iI's betwe

A t hét idalgoaddterminktirat tisis &t wnethePeasivesirple’ butwebA the deviation
_user. As |long as the sanpled data points remain 5 _

limjfis @9dranch@0% specified hy therser, Anleng@sdhasaspied data peigts remain
_ ) : . fron

il B Rl 50 B BA AP el DS b UG causes

thesingiterleléctraries 18@of FI®) 1detrépdrRs zeld@s ae batgut fowssigriad to the user
term nates when a data point is sanpled whose

onpahilede is either above the upper deviation linit
804 10k Aed A¥VIdistel taMRInatlMVIREh 97 atd Pbiht ROampltl wHie amplitude
flowreter Is then determned to be In a true materi al
is eitloer ahaectheppdrateviation, limib 804 aorpidlony thé lalaeradgdations limit 805.
representing the.curve fitted i nput po) si gnal ., .
ThedRiRERLls e Fereraieare be ftanile haf el iV g, Ardhat e, the
safflify &uatwfb@nger@gf@eﬁﬂnmhé berveifiteafihsutt fowaHEYal ¥ terminated
signal to path 126 representing the true materi al _
angd|raefer pleciranigspiiR0 segnihe tive delayisgaatsgenerated byithe pickoffs to

anply RS = b PR e el R e i R IR putiyt sional 130
inditates trrgmaterits flganineer cmdiiontd inevhieh thel fRdw fdrnesins cahstant as well

continues_untjl th nitude of the flaow.falls below
asyynger 6@”3 iHeng, ngh@Eég?aﬂPWd“%WlﬂeoW' ieSyt Yi$ tryg rpateriat flow state

cohfiied itk the RdighltGYEst fle fﬁiﬂ%ﬁ? P@I%W t'higf‘ef fRetser ?%eclzi{ieé‘d low flow

representing a‘true mat er i al ow an reverts
culadt valié. .ot thattinegbe dioivneten sidipsshpeitigoa signabliepa¢sending a true

t.he Jnput power .are_sampled . curve fitted. and used as ..
majgGallaEand BRI 1§ BB Bt Stk BB Tyl ffcating the
inphA OWRRIRE BAMBIEd [ EiRvaFittedir lided\as daberibdd fo ag@ly a zero to the

ill'ustrates one possible exenplary nethod by which the

flomgiaeouiput 3P deptasenting hiepewizee flow shatef orm t he

abo dgschi ti 7 ’

Fronter a2 lunfter e b0 uler bR By WEN the flowmeter
apbbﬁatum‘si @irlt&:ﬂledfe Qﬁirf@tmdhwiabb]\:/e Ub(egﬁtmd flmtighs.aﬁté%%nt 701 sets
vertical axis of the graphs of FIGS. 6-11. St 1 . .
the fpwmetercontol h'ram@f'@fﬁeﬁolﬁaﬁﬁ%mwwlwi%t & yasiablas asspgiated with

t j o r
Aol SREAPRIISIAS b5 JBnad FAE8, 01, Sobl 1 zoros e

flonendteneaddteimive thé @thelétime deayt he betweéh pigkofis 1065fand 105’ for
val ue. Step 1206 collects and sanples the tine delay A

a tiue zeyo flowranditisier This gorprosates feranyemptar aratieearities: Step 1204
sof3hg e BB LA P a0k colTsmnb SatP as s tira e ar the
NPT drid échvVefiSShese parameters into data points as described for FIGS.
10 and 11.

Step 1208 receives each sampled data point and determines whether it is less
than the low flow cutoff value which is shown as “56" in the present description. If the

sampled data point is not less than the low flow cutoff, a “No” signal is applied over
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than the low fl ow cutoff value which is shown as "5"
in the present description. If the sarrpl ed data point
WO @03at285ess than the | ow fl ow cut of f, " No" Pgrgrsa003'ms7126

I i 26 WD 2005 5 PCT/ USZOOB/ 02
pala 1220 5 42305 16 14TB08) dAsz, whish JiAT I Caeand foReds the flow
ma@?ﬁ&uaenebﬁéeh% $¥9¥<¥s:ﬂﬁ leigtduls proﬁnrtswmlﬁcbawﬂzb%n FIG. 1.

'ed data point to output path 126 on FIG
pr oEf beprboegsslobas batk Hone etement 11221220\(ﬁfepatlpé2n811«151:8 to the input

ck t f el t 708 h.t.h
of Bimaplr O St dhep HerENPETBRer Sk PRI e Sif 206 and
prddesses flxp/gbslesgsddriedd. | f the sarrpl ed data point

recei ved by elenment 1208 is below the |ow flow cu

val lf¢he aawéeﬁ dafp peit f?@"éﬁﬁaby elgmapt é?@melqw@'se toav ﬂow cut-off

t
vl B 5 B b7 M Lo Pyl 6 SR 120 whic
procyeds tpaotiect apllrlityof diee agroMI&w dath poimts sedre6éntimglinput power

1208 ma\ga operate in this manner so that 10 el ement 710
anddtres deyad -t Elgraentsi 1%065@faﬁ 4208 mpay,paeTaty inthis geanner so that

o AT VR R PR AT 6 kA0t pois

refree8Rtiig 4 8w rﬁggnlﬁ)@é‘ﬂ@b@ th@i thieevdiud efithete flow t@tcdff specified by
appr oxi mat el data points over a tine duration of

el%m@rﬂtom&mF@n 9xamales etesient 1218 pry calleetarproxmately £0-data points
ovBPb'ﬁme 'd gfl%piﬁklm%/ qlr?el%e escrjlﬂg% ngr%htﬂ}'d? '%Pcﬁ?jata point

rmt e as n
red:élsed lb‘ycelemeruf 1212 vrausti bei mg‘fld:llaat diat;mrpm Btemeracdam@,das next

deglitted db PoHOBB GG HaTEOR e R e e [EA POGE tefdyadbygelement
1290040 &e ﬂ)l@s?léﬁpcrlgb?é?;%ﬂh n%?lgr@cgﬁél%rtlﬂh%‘iwé@ﬁrh puUt péer and time

received a su ent nunber of data p0|nts rom

detdyeng s shidlh o0 Fp@ré4orm a curve fitting function. In
so doing, element 20 1212 determ nes the correl ation
bet Wdemenhd2{ A sieterpynes Wied vt.hﬁé rgepingd @ suffeiephgumber of data

ponﬂquﬁﬁ 1&hEh #ﬂdtd’?eﬂ’?ura ?Ewmmggy' J ré%sdomg element

recelved a SU I Cl en

12091 d¥termhiheBtRd eﬁﬁ@tatlaﬁ%etw@eﬁemé PR pawediand timé tdeldy At of the
operatlon to convert the data EOIntS into an

reesiped phirality of deteepoiptnane pihesdhbasi reseiyed-a pufficiant\gheality (20 or

TR AT e e e
da"i%‘?éi‘ﬁ?ﬁh%‘ah éxér*é%@noﬁ@?lth@ﬂ)rﬁf rBptieptdby 321 4,xv Brwﬁéltehm is the

to element 1216 V\hlchfunctlonsto determ ne the

slquee? ?{ tg %ﬁ{ eéﬁpgﬁsvs“%ggg éﬂh& yﬁﬁ&%ﬁh@{ czﬂh otel?lng%i Ig'?(pressmn

de rm ned and may

expresse
THARd e as pPOlY Famienaeh TS 8B agh 1314 o element
1278XvHIEN fURERbRSRRASEtE nihE tSu ﬁéerﬁr@b@bérl déwatidrl IfmitPassociated with
shows a defined expression as well as an
the deflned expression. These deviation limits are user determined and may be
expressed in terms of percentile deviation from the derived expression or may be
expressed in terms of probability. FIG. 8 shows a defined expression as well as an

upper deviation limit 804 and a lower deviation limit 805.
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30 upper deviation limt 804 and a | ower deviation
limt 805. 27 WD 2005/031285 PCT/ US2003/ 027126 Next,
wa bwsosigut of el ement 1216 is applied to the pPampus2003/027126

ﬁgfﬁggé tqlq‘%é&t_@‘ggi@fggﬁ{?%ﬁ m& Psieeqdn‘?f@bﬂgw Ut éfscielgpne?m? 1222 which
stoRES U5 HeFthed EXpreSioAehs lr\)?/éh %plfr?ezﬂggar 3 TWr ééa%%ion limits

next receives subsequently sanple ta points an
assagiated with the definedsexanessien.er m ne each subsequent |y

|l d 222 e el s SPLNEerD S5 e iRta A8 e the input
powarsdRrdétatrinecdath subsefeénBerecbiVed & pbin® s DétWekh thédefined
" signal is a(j)o i ed over é)ath 1224 to el enent

de»iiét%;w Uimite $04 AncB09relf elerapalci 22 determingsi thahp spnried data point
is E&%eﬁ%h?r@vﬁﬁo oned d e@%{éﬁ%h%@é@@ﬁé@g&éﬁé{tﬂ— *11?33 to element

pr OCess n extends 'over pa

122¢ whiichceasses mbter electtorsesp2@tb dpply gpaent ag a flosv signal to output
received by elenment 1216 over path 1214. El enent 1216

Path k4P per f or ms t he above indicated functions of

det Iy t I bR [ 8
o Tk s A2 ARG, 270 i s e

nextrdaonplad idata point o degeceived by ¢lemenhil 2182wer ipath 1214. Element

erm nes ther. the.newy s I data.point 15 i
12§ i P fRnirBR 2ok MCAteS R o PE il e dihgirnd tower
devigtipalimite2ft the héxe stamplati @dtal Sointvahli dpplyiRyt thisOinformation to
applies a "no" signal to path 1230 if the deviation is )
eleqant\li22Ri Flerment thensietermines whether thepewly; spmapled data point

o W% S8Rl e De9BR S aeCalrnp vy 3521 g govnton s
within krhitsreintapblés a Tiod sjgreal to quath F230t if dimes diemiatibnss not within the
deBAoR [mitheTho /53 90aR GAMIEGEa: TARRIR PIDCESRRR g balarg described
andRdps frSm @R RERT 11225 Bid BleprBHi! giéaﬁagnld S%dk%%rﬁéﬁﬁ {6, The yes

he  deviation limts, a "no' ener at ed and
loopdfphciehsowndhispaahnergo lang as aeceivad@sam data point is within the
d de.erin' 1es that the zero fl ow state has ended and
eY'@b%'? '™MBhe magnitude of the flow represented by the

newyhdres gém?da@@éta pRftit i déterrimied blafe®Ent 222 to be outside of the
el ectronics 25 120. Elenment 1232 also applies a signal
dewiatien fmits, a nos signabis gengraied Rnd applird eygspath &S%IOé%ement 1232
0 . . . o _
whicteieh e tdlfoe s B TR bl haPihad Bpd s B magnitude of the
flowaepresentddby slepewlydaicaivedi ddta proick thepathn26esf mieddr eleéctronics

is_not less than the low flow cut-o and appl i es ,
120; Gialnest 5232 Ao apaiine 22l b 141 SHienBRp bask o the input
of MHRENCPIAE NUBACE Ché FRWrhetbPGs HoAVinTBIHHdIEh F&brBséhting a true

126 and to 30 extend a signal over path 1218 |'oopi ng
maberid flow, etemeniplR08fecelvesding sampi: data point, and determines that it is
not less than the low flow cut-off and applies a signal over "no” path 1220 and 1230
to element 1232 which continues to report the flow magnitude to path 126 and to
extend a signal over path 1218 looping back to the input of element 1208.

The method of FIG. 12, continues to report a true material flow for each
received data point until such time as element 1208 receives a sampled data point

that is less than the low value of the low flow cut-off. The system then reverts to the
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The nethod of FIG 12, continues to report a true
material flow for each received data point until such
wda 1on®0zasssel enent 1208 receives a sanpl ed dat a Roai/wg2003/027126

th? is less than the | ow val ue f%jthe | ow fl ow
zero, flowrstaterandt fyattionsiarAbeys BesaThes {0galse asgignal of zero to be

ext%%@b QrokR @RorhErlt ‘ré?r@ﬁﬁ@ﬂ%%u ReIohtddte B §\t~ﬂ&ﬁ 13?‘13 gutput path

functions as above descri b cause a S|gna
126 avhideh raparisnal edrd todimealsenéonthe 3Biratior-oGhelzara flougstate.

D cont act sﬂgf ) jtch 139 to output path 126 which
—eﬁ@%%t]lqﬂs—a—ge—r-gto the user for the duration of the
zer g|¢! aw MustrStes RO CthePlowmetdr &6 the breSert! fvedfion alternates

illustrates how the flowreter of the present invention
betweeas @laﬁéflsﬂO\Mét&tQ@rﬁ\daﬁ stateof ireematatial flavy Wisstusther gescribed on
Fl(tirzﬁlﬁgv%%ﬁ@ @%%lﬁ yoflé thrg% r rfdt;?Ier gt%&g 'sbagar?(n,tten%g‘by a signal

apahlwd ﬁﬁélegjemdma vslt:]hleh gﬁ&iateﬁmlalt ttmis%mlplﬁ ie n?tdvlv ﬂ%)];ﬁlw flow cut off
i ch indi s _that the sanp el gw the | ow
valyg Fdﬁmen@iﬁéé then eawsas alopsnt ﬁgﬂéé RSEQITE [AFHIME flitg'n_gzoperatlon

in \%vﬂldﬂecﬁé%@ ety ¥esd Pf %meg@aégﬁﬂ @ki?thd A Wﬂ/ Wﬁa’&%ﬁ £8® flow state

I'rst twenty or so o ata 0|ntso
are ounveditted ta deové Bowxptesison rapeeaamnmgtlﬁe ca)reelatlon betwe,em material

toRn BRSSP0 SRR Bov a5t BT PRSP HRBR gpscried i
coﬁh@é’ﬂﬂ'ﬁ W’th FIGI 92ah6@ 886N dérisedi HEftesslon qgn@%d 't@rlanalyze the
12 how each derived expression i s used

reraﬁmdyzz @f theedata peinta @b theosarne getmtiaw stataduripg whieh mpressmn
e(fech gow state during which the expression 15 was
er|v FI G 13 describes an enbodi nent of the

i NVENGI 98 dedcribés Antdmbedipters of tns inveation éal which thge expressions
each zero flow state are stored in catlon
denved dHEDY gChsrafiny Sigts are sipsed ihpcagens P megv%rrynﬂ’{ﬁo having

coﬁ.ﬁ'@n%’ %b‘?uj3@9f tahen%@é fSI?‘@fbrﬂgrfyh\oéegarrlr@?é)?@ﬁEig%i”%f é8ch derived

irst’ derived expression i
exptaesmsexh.in the first menory |ocation. The successively
deri_ved expressions for the next plu allt¥ of ze i
£ 1 oWihesrat B8Tiiet CXPEISSON 1§ e Biadibla iy S10r8ED BRdirel memory
menory _800. The |ast expression is defined as
logation. bThe sureessively ZBUIVEd RXPIRSSIQNF &fntﬁﬁl tmeiiveebzero flow

staﬁ%? %é g{érgé w&?’x% Qe (greFQ 9% rlac]a:lJ’Ems o?ﬁaé/?‘? %@f hrié F%'t L&Bression is

erng steere ppropria I on

defing@iag $00m ke . menmory may be of the rotating type in
which the first derived entries are stored in the
[ ndiM:exheny 130tateiceivesinformatidrs rqoemeterrel edtemidse] 2Qover path 1307

wilhqashraeoived epty DR peBaf ke adfirapRRGEGIFE O oSty 800. The
méMBREMAY BefURY Fothtthd type in which the first derived entries are stored in the
indicated locations with subsequent entries being stored in the memory in a circular
manner beginning with the first memory location. The memory is therefore always full
and a newly derived expression is stored in the memory by writing it into a vacant
location of memory, if empty, or by writing in to a next successive location by
overwriting an existing entry. In this manner, memory 1300 is always full after the first

“n” expressions have been received. Data analyzer 1306 analyzes the stored
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and a newWy derived expression is stored in the nenory
by witing it into a vacant 30 | ocation of nenory, if
WOerp$/§31285r by writing in to a next successive HOICES20@8M27126

oo, M S R4 PRk b o FRE R average e
boRSAY REatioND W@N@ndoﬁﬁré ?és%uafreg/ Dot axamgl y2R1solddg, the bottom
anal yzes t he stored V\D 2005/ 031285 ¢
IOéD eg’? ﬁﬁgéﬁ%ﬁé@gr angést oréi@oiw@%e{égﬂr gt ?Pkggl?%er "9¢
bot tnopemtian tis bgsived mammamrm@rmemwshwldm“ consistent

vV . In so doing, the bottom I|ocation_of the nenpry o
Vagteérf@%thﬁh(@r'abl@@ iheslopaar [agsithe ftersept s Ampxprespion containing

valiRSIBt AR 2 aniinETen D shHfaiies tRE o8 RdiSoreeions may
inditftes] QB@bl@c%rr‘ﬂltHﬁefolfWh?c{rﬂ‘ﬁ@tﬂogvmé\rér%ﬁ RShbA n%t be used. The

containing values for slope mand I ntercept
dath ainalyzeyr €316 perfforms theseduhetuorlsancbadwsastheameter electronics 120

of el IniBhSsfhrich HinesE D el TagsVed Bxbihaslt, ahd T xpressions

stgred fiwtHes _functions and advi ses the neter
el ectronics 120 of an inconsistency between a newy
' f sion and ot her expressions 10 stored

N Hhe, 'i%%’c)( seg‘%ﬁg{Ho@tétQ Eribi n?%d ﬂ;§ e S%st?ﬂnd'of FIG 13 when an

d| scl oses eps pe rmad em of
exﬂ)ﬁessimnlsaecelewr ﬁem_ent 14071 aiwmesothe @xpl’ﬂﬁlorﬂ.éﬁd writes it into the

neih gxpiine IPGRiaT SremEn0d J00s0BlemaniAS 18ads taadydeceived
exaﬁe@s}bﬁsﬁ@'aggﬂeéﬁt@&&@%ﬁb@&eﬁm@o@ PRIt S%daiyzcﬁw%baana lyzes the

anal yzer ta anal yz ana yzes t
starad datajor cmﬂeneyrbgtmmbw dataentti@isan memory SODwhich represent

thd BRRf BRRS RO aRS P E™ e saPI802 appl 1B

| nf @EMbhDN402 rHppliss MfoFrBatids p@ﬂbmm% sidata %n@ly%@?fbt element
1403 which applies a signal to " path 1404 if the

1483twhick applies a signal gmd/egog;a,thn‘tﬁOAIy lﬁU\Q;@ﬁtﬁaﬁ gonsistent and does not
cog%ﬂ‘? ragﬁ{sttr{wélﬁ%s Ift da %G}%in@r %é:ﬁr}'&'c%%?%]hs %%J éﬂﬂéﬁlé@%t should

normalities it I nves
besﬁugher mvsasagaxleded slg:nélns ‘apphéd td 406" péthe141mol Thetaippncatlon of a

Si ath 904 causes the stemt
il wRe b shi caliSps HiRbIeI forortpeson s KVt e RRsation. This
dek?lr%ﬂﬁithﬁbSan%bls?sdgf éd%al BRirlese tﬁ?y BREYriRER iMtb imdrRBry 1300.
i Nt o NMenor appl ication of a "no" signal to
Theaapplicatien o{aa nai sngaabtoapamst% carainitiate @7systemi dlarm@ 3407 or, if

oot UM P SR LG
Embodi DaaénpuEhQﬁi Andéthbf Pdailel Brnbodimentl PIGE515-17
Description of FIG. 15
The preceding has described how a Coriolis flowmeter system embodying the
present invention prevents the generation of spurious flowmeter signals to path 126
during a zero flow state during which there is no flow through the flowmeter. In
accordance with the method and apparatus embodying the invention, the zero flow

state is detected, a source of zero potential 135 is applied to output 126 for the
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The precedi ng has described how a Coriolis flowreter
system enbodyi ng the present invention prevents the
wogeesesazdson of spurious flowneter signals to pariUs@B/027126

30 durin zero flow state durin WhICh here
duidign qfﬁhg@ﬁotfw sleneatoro, fow CoaPRlsTE lament 15350 the flow
QPRI 8035810 G H0 ROl BTt grkeetwoon

thelsiskofés aﬁﬁlar’eim@@ Jdtmsﬁum tiroe detay sigoals@re monitored until the
20Q5/,03 5, PCT/ US2003/ 027126 durat aon, of th Oy o
magnguie oL fie oW S My TRbianL Expaed BellatlonARiticative of a

trué neatehiaMlow an@ 0Bk iRt sy e réicofiow 38rrb et bledfudfryl nGBiand the flow
to analyze the tinme dela q’%@SI gnal s between

infesimatisnraenenatos hd? them together §metiop i tarmiratg é’n%§ar§pbm&9fsthe zero
flo? s?atg%m& %Sspgg @Hg(déé%t dﬁgn%l q&%‘%‘ttﬁ gg@lrgﬁreggﬁtl oé \’fh{%vlg\%g%r%l flow.

repr
a 5The wamaneatedal abreovmahities diedt anmmspohhlblamrdhélgnmeratlon of

correctlon circuitry 133 and the flo f
SPERHS, SUBAS KHINGHOR 2650 JoNCHSIe MEyiRP D6 B LES rraerial flow

duﬁﬁ%’ﬁgr?d]ﬂoﬁ oftlﬁ\ﬁ rf&teRal fldwp Vi iyl GRS eRRINY wﬁtﬂe%‘éﬁ;ﬂ}ﬂinformatlon

representlng a true nmateri al
geﬁemt&hb}ethﬁaﬂwmteraimm\lrtheﬂqwQQMG@&MHW rTéw@r&homreon FIG. 15

i o RFtR APl B0 o8 Yo BB ARG Lol P etatively ow
aniplifite rh8tetfial flow rate mﬂhé IRRFatfd paranstéreiond |G h6\are Fﬂaﬁ‘ﬁured with
can cause errors in the output information enerate

a fereneefiavmetasringseriasy Withetheoflowmeierc bnder fesis. The Jeference

1 I t
T
majnitude fiden timee’0!' & apﬁpbrowrmablg tiMié6000) The oatpmd S|gnal generated by

thd] MisiaoTtRElSE T OUN RS RS ESTS BUHEEPUS GRBPIdPEALTY from tme 0"
unﬁ‘S@@xﬁﬁ%@ﬁﬁtﬂ% @‘?GP‘”?\@' HHOW709 IhOMReRF Wad rr"eéertotla zero and

I's relatively constant in magnitude
redalibrated mmd"fésmttbempprtbe itesttflevy reraiped selativaliiconatant et a level of
18S| gnal generated by the neter under test is shovvn as

path 1503 and various considerably fromtine "0"

unt iF|Gapp sASWERaE Y502 fBpradBRtind\thd varratidAGA inpuipomdreluring the
was reset to zero and recalibrated and fromthen on

testiren eseciatesiwite pAtME903 . Inaut wewer dSR<thaginsaprroxismately at time
O'S%rpcil i}%l %%els ntbicé‘nrélu?lngt@ﬁl‘éﬁ; tl@?ér F%&é?cﬁlom%ﬁﬂ it 88crel8es until time

3789 edrpthedmetdriwasatesed. 503. Input power 1502 begins
apprOX| mately at ti I ncreases t

o P e VaBED I SR G0N 855 1o (BRS8N YIRS with the
lnéi‘ZQQe utt é‘FEtl 562 WR%r tRe uraficn bigh¥aekat igiRde 'ttﬁb measured
w1l are opposite and symmetrical wth the
reﬁermcmﬂms 1 Bﬁpm repasivety mzaruwlnnghblsdastamﬁe(waldhetvaaatlons inthe
testebew 1§b§ ?ogetner m:tﬁ%he variations in input power 1502 are due to the same
material abnormalities that cause the generation of spurious signals for time delay
during the previously described zero flow state of the flowmeter.
FIG. 15 shows that these errors are significant during the low flow state of the
flowmeter. Thus, at time 1500, the test flow 1503 is shown as a “-4" while the input

power 1503 is a maximum slightly above level 460. Since the measured reference
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reference flow 1501 is relatively constant during this

test interval, the variations in the test flow 1003
wa mgsodiess with the variations in input power IPEO2Us20€3/027126

du o the same, materjal abnormalities, that, cau he .
floge . 1a'ie|"6?1n<9pn§mrt iagagfog\{ S“o apBFO)qmﬁ%hﬂgﬁéi)pnnggﬁettesets, it can
be@eeh mattela@r@?@wér@t&i by 1#e86 MAefalz®herrbmigsdrf gorftrated®purious

floweter. FIG 15 shows that these errors are

sigsaifrindicatethatiinei tagt flovewasvi ratley thaaagositivetilow rate of 20 as shown
f ' , w 1 ' .

by St!b]%mg%;sg?%d Fa?gnsb'n\xﬁltﬂloy ?ﬁ)ﬁ?ﬁ@tﬁt@% of(ﬁg‘?li i%g/af; Srgrgg’erjeﬁ unreliable

by e abromsalitigstih Yheaheiteridl enel thd 6puriG s signblkethat gsniérated so as to
reference., 31 WO 2005/031285 PCT/ US2003/ 027126 fl ow

re inflo_é'??ﬁt'ﬂ“ EiEE b¥tth%f|PW6Wt?’é?fethb?t'@ﬁ&%&'iﬁ%@-el y
20 gy ﬂgh%\%ttr?]@\?érfatio'ntin Ut ggﬁlgrﬁfﬁ?leéé}ﬂg a’do@¥sponding variation

generate Yy ese nmateri ties and

in grener avieidh sinutuire U predegm@lasvariziionahehéhadichiee fiektrate. In other
flow was -4 rather than a positive flowrate of 20 as
wosgipvihe vafiatine ofk it deweastast EHee 19 (ferning dH021iR directig gelated to
f.l ow 1503 was rendered unreli 5 by the .
valipfRlisiB e Beidvn? s Redel n g WhEhdBdimdaelaiehia the mass
flo@hﬁ%eh%e%v@ﬁ 8H F3Q. #5. Sﬁlcertﬁm’rﬁj;urt] :pg}‘/\f_éf' g?g? 9%1%@8@@%@%5 duration

y flowreter at this tine ia
of theetesa flowt itonustnbe apswmpdvibat thepvariationsinanput power 1502 and the

di vari at i in AT whi in.turn "
coff B GRARG VARl st o 180 i By P ol aprprmalites
préMid\ely diseussed bhe sparibas tinie slal RigHalP e Fhdrivalitid® generate

for l1ne 1502 is _directly related to 10 variations in

dutinga zgsp flgwetatead herramme shnemnealities @R spuriaus signalssare presentin
e SHBEARIA RS Ty YGRS AR A o B i
matérialflowi.est flow, it nust be assuned that the

variatiop_in jnput power 1502 and the correspondi ng
—QM—QMD ' F st flow 1503 is due to the materi al

abngy rRlchiddive WithY yOUShytHErSEossHIE 8¢ l%lﬂgi in&ht of th
_ del ay sicgnal set h(leseyak_)norrmlrigl es genera?e Sé}tlg(r)(lthng a of the
inveationf thevpsoklems Ferociatad with@resenae of raatérisbabnounalities and

<o R AT o Bl oL AR B B R Bl b st cervng
anrgxpesdsidn b PrioriPeRSEHPéd €dt tAE i polfier! abseeRBsd Mithehe spurious

~with yet another possible exenplary enbodi ment of the
timgodelay signabh dutifg apraipl flavs sile o Sushean fixprespicasisfhevsT as path
1608 0R 8. 1%@{09éﬂé9thbtqe?ﬁ/e§%%g{e°s%%r1 gus time delay

signals at lTow levels 0O erial flow are elimnated

by first derivAp0g=qq1 e{@[e?aign as priorly described
for the input power a$soci’dfed With the spurious tine

TSR GRD AEAeaB BRI DL ARG I Al b sope o

derived |e:lxpressi on is . o )
K, . Next, the'same flowmeter containing the same material is operated during a

condition of low flow. A curve fitted expression is then derived for this low flow state
of the flowmeter. The expression is shown for path 1604 and is
At.=K.(DI.)+B, .
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25 0 tOF - KOF (DIOF) + BOF This expression has an
intercept on the y axis at |ocation BOF and has a

wosloap@sizds KOF . Next, the same fl owreter contraiviiS2gn3/027126

th IS erated during a, condition of

ThecsiBS G, cORatan J60K 5 Ra BhiK 48 INsoeat eRdhe bt Avisgs B, The
for this low flow state of the flowneter. The

slapeppferatiations J 60R@nd 1614 pretidentcal sartiat K 30ndstie equal to K. .
KF(DI F)+ BF . 32 WD 2005/031285 PCT/ US2003/ 027126 The
sl opEOIthaaquessancﬁGmel 602, thbidigtahbe betwese apy location on line
the At axis. is he slope of equations 1602 and

169 andthe th’&QﬂFﬂiéﬁﬂes@Ot1ha{50|4le”ﬁﬁdtBb,e, iscg ta thekgrurious signals
For the expression of line 1602, the distance between

geaﬁgate@@atth@rﬁlowmtenéurmg(azzancﬂomhetaltw Therargle betvesen line 1602

ol 198, SO S bt S A AR R meror

obVioas a‘mltlﬁae bstam@bdtweén &APPomnenlineacdhahdiife @8031s dimilarly due
t he anlgl e between |lines 1604 and 1603. It is therefore

to i sRRUs ﬁs&nad%efbﬁ@te&wta@amrméheawhpéna\terlawlqw flee to bubbles
an&%lul@é‘ driis B@lrflb(iﬂé chSe Sth@nl]n%r{ltgﬁdglb? thd ?Hé pr?at?ﬁéfrﬂ'ol%r line 1603

si gnal s generate eri a

is détevmnihed B)DtHéUchbﬂaﬁée betledém thd ')kﬁ‘}tefEEbﬁBbeﬂoFQ I@)WQIOW magnitude
case, the magnitude of the trué materi al Ftlow for 1ine

ond 53,10 s GRS, SR 908 SBELIBE R Foytpr. The
eX'P'fé%%I?@?er o on Pig 1T b8 ifie IntRHeRBhSRBL 4 betyeepare used in
calcolatingehatiuenahiapial fiwraee RAbWREH BRI, 1Bed in

cal.cul at ,_n the true material flow are shown on FI G
%ﬁ—m—'&-ﬂn of FIG 17 15 FIG 17 describes the

met pag_ $ &@écrfbagghé ﬁ}e%fraaq Y8p8 588 ECGERR é@ér?%étgb %% flow for

for the magnitude OW portraye
thegmaghiudé of haterld. flo“v'\hpomnagedsbs' tmé(yba;biwoﬁlél@m ’tfh

el egent 1701 derives the exp si on

(Al %Méﬁ%ﬁ%f’ s WG eIPmenb 7 ewa'ghode?rlvsﬁ/ tefeaq@resswn
of the flownetey, -Mexhs yglpement 1702 derives 20 a

curve fitted expfesdi orf‘AtﬁF for the |ow material flow

Thitepeessionis fonthkizéo G0 4tate Dtk flodreskeAt Né)?toﬁleﬁ%MQWQ derives

the expression embodying the terns At f and A to and
a qunee fittel exxpnesdiomiA g, @l theelow terial fliow staite sbowneon line 1604.
expressions M= FCF X At. MFCFXAtF El enents 1703

Neghefethenty 08oisthe Kibression etBddihg ﬂ'ﬁeﬁtérrﬁ§%(‘t' faRfA ¢, andthe

limts.
relevant limits. Element 1204 then solves the expressions

M= FCF X At,
M= FCF X At,

Elements 1703 checks the value of K. - K, against user specified limits.

If the limits are not met, element 1703 applies a “No” signal to element 1704 which
reports an uncompensated flow rate to element 1708 and path 126. If the limits are
met, element 1703 applies a “Yes” signal to element 1706 which reports a
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"No" signal to elenent 1704 which reports an
wonamsnpreesat ed flow rate to el enent 1708 and pedhusfe3/027126

If the limts are net, elenment 1703 applies a "Yes"
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addifioft@aestiolis-fidWithéfer &1 ectroni cs (120) for a flow
nmeasur enent apparatus having a processing systemfor

correcting flow informati on generated by said flow
measur enent apparatus; said neter electronics (120)
conprising: instructions for directing said processing
systemto: 5 sanple a signal representing flow

i nformati on generated by said fl ow neasurenent
apparatus during a zero flow state of said flow
measurenent apparatus to define a plurality of data
poi nts representing said signal; establish deviation
limts for at |east one of said data points; determ ne
whet her each sanpled data point is within said
deviation limts; 10 sanple a data point within said
deviation limts to define spurious flow
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poi nt outside of said deviation limts to define

WO h®03Tess on representing a true material fl cemoisees/ 7126
fl ow measurenment apparatus; continue said sanpling of
said data points as long as said sanpled data 15

Whati igtClaiaresd:wi t hi n sai d deviation limts; prevent said
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infgingatian ﬁoe;saﬁismrmﬂmgv state; ue 5 material flow, 35 VO
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fl owa/reat ealdfspmilods fmwmbhﬁrmﬁtbmapﬂtddﬁas fb ad batput of
er electronics (120) of claim 3 characterized in

saiflow %%%‘?’B@@s@;‘?ﬁﬁj&t%fm& the sagnlingueitata pote within
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out dettemaie that thel ashrécemtlyisaimpled datb 50|919r$emtaslelea)‘f said
de)s@ Eréflwltsgan% thfe(r)érbyt rré%résfe% sin <t)renﬁat|on ora r&ee Ir?ena flow of said
flow measurement apparatus; and
generate an output signal representing said true material flow information

represented by said most recently sampled data point.

2. The meter electronics (120) of claim 1 characterized in that said flow

measurement apparatus defines a Coriolis flowmeter.

3. The meter electronics (120) of claims 1 or 2 characterized in that said
processing system is configured to execute the further instructions of:

specify a low flow cutoff limit representing a material flow below which said
flow measurement apparatus will not generate an output signal representing a true

material flow;
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new y sanpl ed data point. 5. The neter electronics

(120) of claim1l characterized in that said processing
waeymsem285 configured to execute the further PCT/US2003/027126

instructions of: establjsh said deviation limts
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determne the true material flow information
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generate an output signal representing sai d det er m ned
flow information. 6. The neter electronics (120) of
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SYﬁtﬂ@t'?&@ﬂf'%@ dp:exgevter thefurtberingtiaetions ofy of the f1ow

S PR Sl s 8P M s

outstdenofesaid deviatibhdimits] ands of the previous N data

points by nulti n he pr.oduct , of the standard

CovBaterdte A isytELoRdib siSnBr e atsHA MORSERRRaied by said
neWfVdahpleddate pome. from sai d average of the deviations;

and add and subtract the product of rA with respect to

,u. 7. The nmeter electronics (120) of claim1l1l or 2

5. Conf Mupear Ebclitoleane20R siaff REFFden 3 et S processing

sysiemi ig €onfigencar tessXeentd ihedaftheeindtruatigrey oft s
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data point; and

generate an output signal representing said determined flow information.

6. The meter electronics (120) of claims 1-5 characterized in that said

processing system is configured to execute the further instructions of:

determine the average u of the flow rates of the N previously sampled data

points;
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apparatus during said zero flow state. 8. The neter

el ectronics (120) of claim 3 characterized in that
WE200d/0preTessi ng systemis configured to execRtBUS1083/027126

further instructions of; use a relationship between

t i nestabligtysaig séamiarﬁ piﬁviaéi@wéirmitﬁoéapd)revi@us N data points by
TG B PingRBP B fetiabaridrde st s BB 5 sPRpiied number
steA ot s M AERCR PP cﬁf'tﬁ Qe 1 ow

chap ¢ eBp s BfaPFE pBugE & @ﬁaié%pn%ct ?éﬁé't ami s

configured to execute the further instructions of:

determ ne the deviation between subsequently sanpl ed
7. dat 'ﬁh@axhettesebntton's:&i(d&@)(qurcéaim bror 2actvhractesieed dn that said

proteRb R SHN ik ESads Tk es iidnaonset 16 °
Theqamfecan ekgedssRIM @Sdéfﬂa%OaatafpoMtglcﬁhﬁa&wﬁgtr% béi%‘i'neters of

in that said processing systemis configured

time>xdutay s bhd ifputtgeaveri ofstaidifidw onsasaremeeit apparsnmsidunng a low
expression by sanpling said data points; and use "n"

flowfstataiof saaiﬂp\pmeawremeat apparetuia' tting operation to
derive said
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8. con$hstneetey electronivst(20) otdaipadeharactatizedisr thatdaid processing
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Xpr.essi st or SSJl. ons;
SYSIRRY h songara 8 apeis FechaghReEERINS St const st ent
Wt Usg g'rglatlonshlp between time delay At and input power of said flow
measurement apparatus to derive an expression representing a plurality of said
data points characterizing the generation of flow information by said flow

measurement apparatus during said zero flow state.

9. The meter electronics (120) of claim 8 characterized in that said processing
system is configured to execute the further instructions of:

determine the deviation between subsequently sampled data points and
said expression; and

use said deviation determination to detect the end of said zero flow state.
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wae@sesi2expr essi ons; and preclude the use of sSECTUSENS/27126

defined expression if it is determned to be
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said stored expressions; and
preclude the use of said newly defined expression if it is determined to be

inconsistent with said stored expressions.

13.  Meter electronics (120) for a flow measurement apparatus having a
processing system for correcting flow information generated by said flow
measurement apparatus; said meter electronics (120) comprising:

instructions for directing said processing system to:
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points are within said deviation Iimts; 15 preventing
said spurious flow information from bei ng applied as

wo oo0an3et put  of said flow neasurenent appar ap@BEUS2003/027126
during the sanpling of data points within deviation
| i nderive areesprgssiongotdafinetdata peints fercepignal eharpriatizing the

dat a tnt |sout|deof aid deviatjonlimts and
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time delay At and input power of said flow measurement apparatus during a low’

flow state of said flow measurement apparatus;
subtract said expression for a zero flow state of said flow measurement
apparatus from said expression for said low flow state to obtain an output signal

devoid of the errors induced during said zero flow state.

14. A method of operating a flow measurement apparatus for correcting flow
information generated by said flow measurement apparatus, said method
comprising the steps of:

sampling a signal representing flow information generated by said flow
measurement apparatus during a zero flow state of said flow measurement
apparatus to define a plurality of data points representing said signal;

establishing deviation limits for at least some of said data points;

determining whether each sampled data point is within said deviation limits;

sampling a data point within said deviation limits to define spurious flow
information for said zero flow state;

sampling a data point outside of said deviation limits to define information
representing a true material flow of said flow measurement apparatus;

continuing said sampling of said data points as long as said sampled data
points are within said deviation limits;

preventing said spurious flow information from being applied as to an output
of said flow measurement apparatus during the sampling of data points within
deviation limits;

determining that the most recently sampled data point is outside of said
deviation limits and thereby represents information for a true material flow of said
flow measurement apparatus; and

generating an output signal representing said true material flow information

represented by said most recently sampled data point.
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