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WD 2004/ 106868 PCT/ US2003/ 016043 FLOW METER

MONI TORI NG AND DATA LOGGE NG SYSTEM Background of the
wonoenvdsesr 1. Field of the Invention 5 The i nRENUSIN3/016043

is related to the field of nonitoring a flow neter,

and in particular, capturing flow nmeter output

according to predetermned triggering conditions. 2.

St at endrtOWfMERERAMON EORING WNEDATA KOG GINGESYSTEM

nmeasure the mass flow rate, density, and other

information for fl Batkgyromndef the veiltien f | owi ng

rials can include |iquids, gases, conbined |iquids

1. E?ftz‘g?fcfz@z%"égfw’%ol i ds suspended in |iquids, and Iiquids

| ncgdiiMen@ias 2SreBRd 15 WSPE4E 88 moaltbAse a ot B¥8NRh@in particular,

flow neters are widely used in the well production and
captefingilny roftepeutpe|ageardingriel predeiconimeipegssios cendifons. ow

ter cap be used to determ ne well production by

2. 5?6??85%59??§§¢rate (i.e., by neasuring a mass flow

t hr QUG nidi@rs blcQiWed® BEIsurcthiel neisfiewante, sty eld beher information

determne the rel ative proportions of the gas and o
fon fleying nesseriadh e restleving matesigls gan inpladeHews masasagoneliped liquids

i I. AUt S i .

eof 5 Lt 3o R 0 QI Bfenid s
Foe xadiiile, flow nietdrs apeivddely ubed inghé¢ well piatucton amdireliningl of petroleum

of as aretra%edintheliqu[%éi (iﬁ%?r,esul i{r;)glar e
ang ﬁﬁﬁﬁfé@@nmﬁow@s flaw mefereeanpepised fo drjprmiagwell grpguetipn by

e e, SAPmEANiRo b A1E ABR-NIIIE Y M meter), and

nm]’\;flglrﬁl1 |%§‘§l}?ﬂﬁ%§%’e netg%;dﬁg%%%at . gi m a?fiy, if?(§1errlr$1eetr)erzlrl can even
beas¢dtotd eccamirieethe edatickguiophutonsofithpgas anddigyaksconmponents of a flow.

pressure, tenperature, ., 20 flow velacity, etc. .

Nor CFdROblamhg<an oot e P amPYds i GiipTeots Eting segerated by
suddid BB ees SRl hABSal. FENSLATE, 8F a lifuidSs BAAFRAGFedBihd bubbles of

operato% to calibrate or configure a flow nmeter not
gapadeytrappedciorttie higuitlpthe mesultingdatga chinxgen in massrfifverate the flow meter

e g Pt e SEHE % ond iR eting b Tt vl

Sidi&lly, 38e fBPBLPULER be &Ffﬁﬁédpb\% i&a%"gl%ﬁﬁﬁe@ in preBdfire, temperature,
pressure of the material, etc. 25 One é).rlor art
1

floppelegitshctoo My diffgreat mbiovialyee reast differentls te ambient conditions.

det.ect.. an error .(such s.a [ val i-atl ongl LV
THGERE G 4 RO, i S EPare o AR ok PR T AP hbeifoc onty
ac88MERE the miMerial Wepiphpmkicakd lihtladiapperratagésoftiitaid, solids, and

al though the error condition nay be captured, the
gapgstin the Tagterils butrpdsor aceqrdingia iapbisimg condidonsgueipag (smppgisture,

error . [ 1] oper at or
a@ﬂ%’%@?éﬁ%géﬁ%iq%g? f”%% aéo?igcﬁ?gﬁgee %é reﬁ%r'] ne the cause of

t he Queqitioe it appedatietordbositoragta fow amer@utpuB s tbeetect an error (such

determned qor carried out. A second prior art approach
asjadargp verpionra daive epiel @1 GRivRmels Quipube e_ritﬁe FiFontgg occurred. The
drVisik 0Pt %Sbrgﬁc'hqg t}ﬁP%ﬂ{é)tugﬂ the el cOATiRoNMaY veRabhR e meter
oper at or T &V ew an I dgnose the neter ~“operation
evaiitsl And flow@ondicionl Iehding up batheleadr tanditien @&e not caphiveds vAen pperator

thjis approach al so_has, . .
theretore mg}F,’ notabe ab{ile to determine the cause of the problem, and remedial action cannot

be determined or carried out.

A second prior art approach is to capture all meter output and store it in the event of
an error condition. The data will enable an operator to review and diagnose the meter
operation and/or flow conditions that led to the error. However, this approach also has

drawbacks. The storage capacity needed to continuously and completely monitor a flow
1
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drawbacks. The storage capacity needed to continuously
and conpletely nonitor a flow 1 WO 2004/ 106868

weRONAWEREH3/ 016043 neter in operation woul d nEEdUSmODE16043
| arge. The storage capacity needed to nmonitor nultiple

flowrret ers. co C b|t|ve staorage . .
it B PEAPOPR S e 16 OF BT o e S0 pAEREy Heed & monitor muliple
flEw BledrPEoulld BEoRUrEhiBRIVRX FI%B Slo¥dbe c’éﬁadﬂ@ﬂh&@ﬁi’r@fs%stly In addition,
woul d have to review | arge amobunts ~of “data in order
the eperatattimaavqidd be ernensive.ga dhesopetaier weeld heegitoyetiswdangh emounts
ofl%n{? el% to?c%g chﬁ%u? fie é’%ft H{Tﬁ tf(})l\%{e ct]cecu égéfo%]mhg%reror condition.

monitoring a fI ow netsarmmufpu;the s/bllmﬂmod of
nonitoring a flow neter i s provided according tgo an
enbodiedayrntign helpg solyva therpbpyaprobleasigith snitenps ¢ Sew meter output.
step af
or e 12 P%&oﬁ%r?ﬁgn% fLW‘fﬁ%# fs (?rg\l/ﬁi &'e%céggqug%?) an embodiment of the
1nmnﬁberHe| methadh cmhﬁmﬁs tlid siepsrof ceptudng piowshereesutpix ihdoer pre-error
rro menory, detecting a predeﬁerm ned start

memelagw ST oY g mﬁeéfr O eI Ut stored in the
pré- ea&%%agn deReis FlAEmTREPLY A8l RrinBBn @il AL fib@9neter

when t he edeterm trlge gcon t|on|
outiet, etmneﬁtmrsgajpmaqntom lmemg)ry detafihtoenreedoe to gmhthe predeteemined start

tri G e PR iPR I istesiatb gt SHPPTENG HETIGR THaR Py tie Aielne afer

thd ﬁl@@éteﬂnﬁn&_f St @%ﬁeﬁﬁg Qhsifeh fsQeRBtegnOdi ment of 15
t’he i nvention. e ow nmeter nonitoring system (400)

c onp flewgnetercoamitaringesystom (4D®Dt1e pfavided(a¢0drjiingdn i gmbediment of

to rece ter error._neno
thg o g B e cropid e it BB BbBlseng “oypbrpigation
inteABE) (40DdonaiRd té RecERBMIIN hakLoWhEt) a hheerror memory (407), an error
comuni cation interface (3401) t he pre error nenory

log ¢69),, an@m@rqqeesu;ag Fystent (193] agigur : cognmﬁ@c@ﬁ vggvhgpst em
cof el 4 ERE (AP0 34 Foor FaRBRL DBy PR FRRb). he

prédesstdBistdin OB plstfualE@Tcontifirdd toadupalre @8 fidv ewter®ugut into the pre-
output stored.in the pre-error nenpry (407), detect a

ertgF BWBIOBY HOHb avith the flow mgigroytag qvsHmMIERD?N pldest flew metgputput

sto?ﬁ& ﬁ{}?@l‘gﬁ’#f&f Iﬁrén%l‘? )5?(2738(1;;8&% Brddelermiitd’ oandtﬁgg r[r{?d@'ldltlon in

thenfiew nidte ontpedatamsfer b @ﬁb-&trcarmermnygg&r frowg thop@idriod mehsory (407)

. detecte nd apture e flow nmeter output _ into the
intg rﬂaeoerrqrg@g ?wabyv?lae tl@rprefieée Stat mgﬁ@an%eeadttwn is detected and

captiit8e ﬁb%etgpo GhioitRerrct 1?% gﬁ%% Gfler the #geﬁg\fc

nitoring soft re product nitori
conditien isidstgetedvi ded according to an enbodi nent of the

i nvent,i on. Thesftvvar roduct c r ses co
Lot Enape Tae PeRRRg Wi e Btoahc PR AP RgS SyIAemetss is provided
ac&fi‘ﬂ’ihg rt@ ﬁ éﬂl@(‘!ﬂlﬂi‘éﬁte bf @i¥ PYEntidRt OTRe RbRwaf fn%ﬁué'feé'ﬂﬁ{ﬁﬁses control
the flow meter output overwiting an ol dest flow

SOfW@.I@rconﬁgtp od tesdigratd procesding kystemr & eaptwe arkammyeter @elpatmto a pre-
errﬂléfl)ﬁgedet i {H tlille %o%vt r%re er t01r1t|p g\;el anﬁé’ Qr(lj Ioidestnﬂow meter oulqustored m

the pre-error memory, detect a predetermined start triggering condition in the flow meter

et

in8d start tri
lélw S ggermg

output, transfer a pre-error memory data into an error log when the predetermined start
triggering condition is detected, and capture the flow meter output in the error log after the
predetermined start triggering condition is detected. The software product further

comprises a storage system that stores the control software.
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output, transfer a pre-error nenory data into an error

| og when the predeterm ned start triggering condition
WO 200daoas6t ed, and capture the fl ow neter out pupCT/NS100E016043

error log after the predeterm ned start triggering

Lt ' d ted. T fit duct f her .
comteBlonterhaiut Sonet it Hrt Sibpo Stisebscb i g pavention
co]?g{rfsﬁ\@éa%mrﬁlg\@ﬁé 28R40 BOSRFutRETH SRR st REE Y eteﬂggneed time period

ow ng sets forth aspects of the invention.

aftgs fheqredstermieed sharbhidgenng eanslitionds detsgtedr i ng the 1 ow

net in the error log for a predeterm.ned tine .
per 1BARC LR spechor o Bbitlom  reg@en Pl B3 et Condieli s
deteeRddiih it flove nitéreditRd and thedaplulias réere € capturinpahe flow meter
i nvention, a predeterm ned end triggering condition is
outpiy dnta dhepreicrrof meniary afterthe predefepuined ped triggedngeanditinn is
fLygrts to capturing the flow meter output into the
d ed. .
pre-error nmenory after the predeterm ned end
t ri dgerei agtlopashact ofithe invediddre by stekesik BxigBtbetnedniBe predetermined
aspect .of the invention, hysteresjs exists hetween the
Stgs} BT ETT fionging the Preflgfganp CRBEEECORIO0h

7 SRS 0 BT SRS A0l g e s

a nme ent
wigl the aubtérndertefiee comespbuding tonrtdidertify mg e flow emdiérfdeaerating the
ﬂcorresgondj[ ng to and identifying the flow neter
YEMSIEPPRY t he 1 ow meter output. In yet another

a;ggﬁ ﬁ@a{nomé? abpReEM the hveAtior bR kA QBRIKLR T debwhEH the

(he predetermned start triggering condition is
prefistesmined. starbiriggeneg candgidngs detsggedt of the inventi on,

the fI t | .Coriolis fl ter. . . .
Dos AP YR PR PR LS R s et BFamBReS & sl fow
méepresents the same elenent on all drawings. FIG 1

is a flowchart of a nmethod of nonitoring a flow nmeter
according to an 20 Respdptiereof theDramdngnventi on; FI G

2 i f [epresen ive flow neter ut
oot T SR Pdefho i TSNl E o B G B nesy
a maE@odisof flowehdrosf atgethod bPmonRdrilg AA6Whikit&Gctérding to an

anot her _enbodi nent of the invention; FIG 4 is a
enpogEnend PhIEARYSHHion; | ow neter nonitoring system

2C 1) 28 4B TR Sl AU o Do e
acc@l@i 3¢ 4 fowchagtndfedhemod obiohii@ing HfileRineddt.according to another
embodiment of the invention;
FIG. 4 is a block diagram of a flow meter monitoring system according to an
embodiment of the invention; and
FIG. 5 is a block diagram of a pre-error memory according to an embodiment of the
invention.
| Detailed Description of the Invention
FIGS. 1-5 and the following description depibt specific examples of the invention to
teach those skilled in the art how to make and use the best mode of the invention. For the
purpose of teaching inventive principles, some conventional aspects of the invention have
been simplified or omitted. Those skilled in the art will appreciate variations from these

examples that fall within the scope of the invention. Those skilled in the art will appreciate

that the features described below can be combined in various ways to form multiple
3
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Det ai | ed Description of the Invention FIGS. 1-5 and
the follow ng description depict specific exanples of

W b@4itevsesiti on to 30 teach those skilled in tPeI/E81003/016043
how t o nake and use the best nobde of the invention.

VeGP SRS BT o TS Bt KoHeE S Sincific examples
dééﬁ&ﬁ'h@lo@@' bat oﬂmb!yttﬁéiclamoaﬁﬁ tBdit bduibhléms.t he art will

appreci ate variations fromthese exanples that fall
FlowtMetar M@mtommMethodr—hEIijenu on. Those skilled in

h [ be
bet diCe it bEoRBREF FOEOFambtiBh of BopkG Y S APy iRE 1 ing to an
entbodfh &l %ﬂi’&ﬁﬁ&ﬁloﬁc’ﬁfhbﬁ%ﬂﬁiﬂ/ Qi 6 parforaéd Bt 4 €0& raéted MBnitoring

invention. As a result, the invention is not limted

SYﬁtémt‘K)é) s esample (essedteh 4b Incus erbpdimass| thonethed rapitpray Coriolis
Frefe OB RRY i Sl0  HbRabiehs ef AULNP L monigor gy types of

flosé nﬁtdﬂﬂi‘hﬂ[@lﬁﬂmﬁ nrgneticotow theters, vortexrib @rmeters parddi uityadonicafiow
5 enbodi ms of the invention, The .nethod can

mefghs 9F fEan P PSHRAGA9B De BT O SROTHIGT OBS 8F 1@&{64@0” nyedgrs, and is
us@fﬁ@fﬂ?ln%t &ﬁ?%eél:ﬁ;?% él)for c!oﬂdfﬁeﬁs HPAM, Wﬁ@ﬁ hi hgw'}ﬁét t also for

nonitors a Corio oW et er.  However
trambttshetingdhd eratr ctohéltmtahcb datbenmgabata bﬁﬂowmmr;teﬁqpp%mnﬂeadmg up to

flowrre ncl udi n tic flow S, vor
the g HBEERE, THNPTETPLERHIEOPP Gy erh Bt et rinatics b e in
de{@i‘ﬁn Gfﬁ? tl?@éh&%oﬂ&ﬁ@nhﬁ?pﬂéﬁéﬁtor one or nore flow
neters and is 10 useful for not only detecting error
con dntstep 91 the flofi meet butpuigh captied v apteerrdrunemdryo Therflow
t.rou shootiln(% the error,condition and the[,£ at a
mefer FYORK, SRR s Uds ARaRS Aheh BIREP AL 2 e dPfegs, a dive
ﬁéélﬁeﬂﬂyt h ?ﬁ:koﬂﬁ%i nalRpha &y differehd, @rté}ﬁpérﬁt!ﬁré §f the matéte flbtving through
information for use in determnin the error

the Bowingtem a hehsperdijude of the Bpw nmeter, @ aensutb/cymmt masolleypwate value,
' d
a %ﬁtg}é@?ﬁ L ae% 2 ﬂg}v c&%r%tlgﬁ %ac{or,t ahzrr% ¥/ﬁlue E(?elta tl%\({]vﬂ l'i)leweerg% ﬁlgoffs) etc.

a drihéea jfgmhhg@mtumodglyv)eemfrﬁwmt flawph& st ]i)lﬁ'f@ﬂ@ﬂﬁ flow
phase difference, a tenperature of the materia

meteroienan eldes i metss opipyidatestered in thqmé-eaq%memmé Ehe capturing

thérgﬁ)lﬂée lta%\éﬁrg?&r?f m?aglgi?f t%%ars \c’x%!llﬂ vs(/) \?vf g%ﬁ?sb }?é’%reaeﬁi% {1me period

203 of €IG. Y addhe (ad@irﬁlﬁnymgehéaaﬁmﬂn Thisckintidw Jof deta@an bl @ermanently
apturing continuously over tes a newest_fl ow neter
stased PBRAD thE SRFWTFECE DA} T30y lﬁgteéiow@wr QHIPYH- JBag Predegymined time

peliBd ﬁ{apf%‘étcﬂ%e qﬂ% & YPhaRe é#mh@ 6f PeSerfdr’d@ta k¥1 Hhhis

captufing ore capture t empor ar | res a
maniner) tve fidw dedier o(uspene l¢atimgpipee en eoor d:onqummambd caﬁlﬁﬂedcafnd saved,

FI. and e _ac anyi ng di scussion). This w ndow
as(‘i‘fﬂ?&l’ﬁgha?%séﬁ E’éﬁ ﬁ%ﬁn{g{ently stored upon the occurrence
of aIH ofié El‘ﬁboc'hfheh{" ¢nd ﬁr@l@n‘aﬁhﬁﬁlo%g&ﬂﬂ% rised A®ircular buffer (see FIG. 5

pre et erm ned terE perlo osen in order to
andrtlceaccappamyenpdisprseiony. rIorandiamaem’mhmlenﬁg #ieypre-errot taiewiory

comprises a linked list. Other pre-error memory configurations can be employed.

In step 102, the method compares the flow meter output to a start triggering
condition. An error condition exists if the flow meter output exceeds the start triggering
condition. The start triggering condition can include, for example, a drive gain error
threshold, a phase difference error threshold, a drive gain rate of change threshold, a mass

flow delta error threshold, a date/time, a number of occurrences of a predetermined flow
4
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25 manner, the flow neter output leading up to an

error condition can be captured and saved, as wll be
walcaauemesl further bel ow. In one enbodi ment, tPeT/US2003/016043

pre-error menory conprises a circular buffer (see FIG

RS (o TR BLET S ah Bl OB S B Yoy R grample) o

any Id§§1red%e crifFiBn BF EARLIRRHGN of AR fchitdaat i ons can be
enpl oyed. 30 In step 102, the nethod conpares the flow

et dhealgivp gaintasrog threshold eani qggwirisafor examenle.iaghivegain amplitude

OR3P A g or

dritve| Qﬁ@dqﬁ@n@tlmfth&hlﬁﬂm&a NThesHabel @iffek@ice exaﬂmk@hola o cy@prise, for
galn error threshold a phase difference erro
eX@-IﬁP]@sﬁBJCHO #hese d}Efergwqqthfeah@d@r a pikeiohass ﬁ%%ﬂnae dejta threshold

r
FeneEs e Al e PR of piefiRhileh piffofAiguels. Tt should
be%ﬂékétbeﬁﬂﬁﬁ tHRGTrUSREeRMHdediddn camtcompaisd parfous @bmbinations of any

&ig e., thr ee Qccurrences of an abnormal drive gain
of the abave pHer CGIONE) | or any desired error criterion

or Gp QH{: gﬁ bb@he, a Y&t acﬂd& Rleled omt%nﬂ% KYferl BAl\cHRb54And set the

t hresho can conprise, for exanp rive gain
staaﬂmggémrgzonﬂhmﬁsmdl the startdriggeeing@onditinp kan beleelebtdd acording to

eshol d, drlve ain fre yency. t hr eshol or a.5.
o] PRt PG L S raP BT Hof it e Sandich is detected

th&h%ﬁ@drﬁggﬁds%fee&dtaﬁ %ﬁﬁhéﬁrﬁltfmnm&sweetemﬁput ﬁﬁ@fﬂé'ﬂi—‘ethod
a pi cko hase difference threshold or a pickoff

prcpmweto atelpf I@BeafrherVd@d, tlee methed hwips ba‘(ki toestep 141 vatit axs eficarecondition
[ gfxpected rate of change in phase between pickoff
is 8# It should be understood that the start

tri ggehé BALEARRLL R st&RR GO ESRIIGH ik dbRcte® B icb@bhr@i}Sthe flow
of any of the above error conditions. 10 In one

mesersuiiiviene comparisen thyesheld. | lpvenather pmbodimest ithaptay bisgming

cho S t 0
co%ﬁﬁo? K, ecf)eiﬁcte%[% IPS%%}GI ?rhegffoa%n gte% ou%%?{anrt]@% éé&? kﬂtt'e gl’he bucket
filRE SepathitdtGidrls ihcHicreo Budlets) Fpreventinoviriovs glgnalrlewdls. The bucket
ropensities. If a start triggering condition is
filige generaies an Quiputfpid patFHar W&Eﬁd@h@& padeiprmapedamount of bucket
LN LS TR AR MG RO gt
oveldlosisk pPInldhbthen b]!nbodmleﬁf tiger starotrfigkiing corlditiorsis deteetet &gl inputting

In one enbodinent, the start_triggeri condi tion
theslow aneter RYPU i artiending fkidter. | The tf?f%élé% fq}gﬁtaﬁa@ra% aaren3 output that

ovERHRs hﬁs%htfahg %g@ 19 { Vahgtngﬂ(ﬂl IRy mr%ﬂJm anfl eﬁér?t'ég an error

triggering rtron i1s tecte by I nput'ting t
signbbifrtireefler neterputput trewdsabbucthe prédetermined Flaet ﬂmlggktmg condition.
flltler s Bgrﬁtes signal s ||21to di scrde ﬁ bucket s, d
r eprBSERt & B SHd gy dafacgrivged tofhe Brseqtigr megnory during step
10f '14 ﬁﬁ{sféheeﬁ% ah %ﬁo@l@ OuhBdfrof 1@? cén B@Hé—@)&iétﬁfg 6K BE created in this
when a pred etern1ne amount orf bucket inputs are
stepe depdditlon, rthe etmr lbgicaeele lopated in & flew meteranonjtommg sy sem paerforming

theolnts ant mV\(ﬂSE or can Be e)létemal to the flow meter monitoring system. For example,

the flow meter monitoring system 400 can transmit the pre- and post-error data to a remote
site, such as over the Internet, for example. The error log can include other information,

including other flow meter data, such as an ambient temperature, a meter identifier, etc.
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overflows). In another enbodinent, the start
triggering condition is detected by inputting the

w0 b@wieasser output into a trending filter. TheP@T/Esm03IQL6043
filter generates a trend output that overl ooks

subst anti.al | ne-tine vari.ations,i,n the f] ow neter
oot 3t ot Al e ARF e et bR bRehl o b gl Tog e, the
errBBERIditRH 1id locéurRidthnd Posv@rdr itk ek @hpturddsdith post-error time
prlg?erln condition. In step 103, the pre-error
pe

0 2paptured to the pre-error nmenmory during
ste ' sf.e . rAr e I g
b ol oL BUSLEEST IR R o By i Shor o o

tinses@fmp daf bedavdd torihe érfud 164.r Mlordoer, ¢lanflide net at@dtorifg 8ystem can
flow neter nonitoring system Herform 3;; t he i(Pst,ant
usqrphistoticalfata Shcthes aBaverdgs mass pWaate|2pg/oRaypge density of the pre-

erPi QEH 0826V 54 & B8n DA M il Rl oW et et

nonitoring system400 can transmt t pre- and
posfa step 305,db¢ methodxompass ¢he Bow eyetawotpuat averd ttipgering

Internet, for exanple. The .error |og can include other
coRfih mERd BHT COREPR AR BRI P AW T BRI i 6nd
tﬁ%aiﬁggbﬁdlﬁoﬁ.eﬁp@&ﬂttﬁg%ﬁ dBRliR{oni HEBE, bl Sfampe, G- drlﬁfe\égn normal

451106868 PCT/ US20 016043 In step 104, ‘the flow
operstien thoeshpldt (s¢esFIEh B, wrpddsaidiffesney normal hperetiorothrésbold, a drive gain

St ok B af O SRR BT B e
per iTad dA0€ gaih nbldwml tBleshdl caflebichpreator 8g4rhMIBSa dide @lidsfplitude

condition can be set and an error iIndicator or error

thrgshol dresiriymgainsammisudsadedld threshohd acdrivegainoigequepeselbyashold, or a

o BT, SR RGLPLY, CPheRRSTns IOl bl e

fordxamipley a @ickbifphpsediferehod thtdshlde faieko20dhasé difference delta
substitution for the flow neter output. In step 105,

thresheldrelt Raspld bapedeagoad batthe gndisiageribg eqnditiancagporipgse various
CO’?’H"?ﬁ‘gﬂWﬁd&,‘/%g ela%Q nory}?c £@4,condition has ceased

routput 1sIess than the end 10
tri ggenéd erabadiment, theruserldfehefiowinétgoaoningingaysteini can ch@ise and set
be, for exanple, a drjve gain nornmal . oper%ti aon .
the gdde sering copditippgndshe end tiggerngrandition fe br s¢lagipd according to

loc;aE@Jn%&i(ﬂ%g ,o} REGS M¥aflerrdt |}{ieiééﬂe\.’1§itig§1.i 1t an'efl ?ri%ﬁriﬁ hHfttion is detected,

res or any desi nor mal operati criterion.
théfinenitbringchag déetectad tireatbrntinateshaflthie emor @adiion sed tHeanethod proceeds

: dri ' lLitude t hql d, ' »
to a8 OV sachBBIaP APBTEK i stgp AT et olabe Srsponditon
is dddégshol d, or a 15 drive gain frequency delta

threshol d. The phase difference normal threshold can _
combu st 106,fthe erekefitht errorzcopditionthis hérmsistegiedfaad dnemethod finalizes

t hreshol.d .or a pigkoff. ph di.fference delta .
the iceapio) £hiS PetoRlstle dornl AEER Y g5l R RieritR O seeh os  time stamp,
ins%ft#%%ét_@ﬂid@ﬁﬁ@értthﬁ Rofz&dposdiland ¢detdifiePthe flow meter, etc. The error
conbi nati ons of any of the above normal conditions. In
logymev inebiwlgs hethtthe prigeerios datagnd alsegtherdwl pesterrorrdaiat dhe pige of the

SRR RS LR 6 g O iG-St e BrE LR Atpod
emb6digfche deRE8O6 10 ihWutaion of the error condition. |

In summary, this method embodiment continuously buffers the flow meter output
until an error condition is detected, whereupon the buffer of pre-error data is saved to an
error log. The method also captures post-error data to the error log until an end of the error

condition is detected.
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| ocal conditions or know | ocal error propensities. If

an end triggering condition is detected, the
woristiemsssg has detected the term nation of theECEUSN3/016043
condition and the nethod proceeds to step 106;
ot herwi se, th thod | oops back to step 104 until the

L et ondition is detected. 25 In step

106 pr&heisengtaph of NRepSesbatiGOMEk ikt Juasit BBRMed FoReh Bdw meter.
and the nmethod finalizes the error_log. This can
Thi flomumietes peipPhesnaeptesanba drivelgignal; adeivelrequesey, laguckodiphpse

citfGtes yinad o ines B HR b ARE el IF R b By ime

peéd 201 addgpdstetrontimdgetod20D) A lietepted-efior conditidrocaabes atransition
segnent of post-error  data. The size of the pre-error
beigeren thestwyditas Retiqdss anddg defseied perording o the epqpthreshold 203. When

oG on {Reck, e o e ot FAD A TR £808 S
mdnlitosingest fepeesembd By therpostamndh timopaiod 2102 fleoae emdoditment, when the

nmet er out pu until an error condit] i.s det.ect ed,
floyiasiet peR drepbiackbelosy & prrenal finpihola . 1% S Emes sy to
ca@%féﬂgeﬂlquw %%?er fplhpﬂl b 5&&@%@%@@5! -error data to

rror unt | an enhd of the efror condition is
det dctamde séenfo20De fig@e3ER iPQTd LFRGHREotBO A8rmdtittoeshold 204 and

Met er t = Fl 2 Fl 2 ] raph of a
the s gt PO aeicBis b ar o ielile BaE RN ot P oy gapter outpu
mu¥B&Rp-a prodiferhlifll ARIBE bOBRIRHE eS8 thf BREIB 268 beforéthe YRW meter

signal, a drive frequency, a pickoff phase
oupif fsgndgeddo benormaiwgaidi Thismeeventsascitletingbetwaewerror and non-error
" epresented in the figure, a pre-error tine 5 period
S 1 and a post-error tinme period 202. A detected error
cong dan®e se@6 the fip@eThdt la@tmalReiniBeskist e tHeWderial @ding up to the
periods, and is detected according to the error
deteptiansoichel ezorcondition (7. ¢.hia the prsrereqiiane pasiedi 291} eTlais prjerror data

the flo ' j L - err
e HoIBTEL 6 HRRR e Mg ARG ot Ea R Rfia il How meter
oufd@t.i Mchddfidn, he pearerrendupdlcdittet used €6t dalibratifg they fioRt Bieter, for

out put drops back_ bel ow a normal threshold 204, the
PreysRRIE crray eqndifians, etp Mopsayer. fle RaskerpLiLnA fay also be useful

. - r 407. It can be seen

foﬁ?éﬁ#%ﬁg%? gﬁ‘?vgﬁ’?‘?é%&‘?r? Ogﬁgefé%bodi ment the normal
MétarMshiodrtho20éthedd FIGhe error threshold 203 are chosen

so as to.inc¢clude hysteresis, erein the flow nmeter

out piE- 3 matowehs 300t adesthedheiTaenitring it aye msfer @rerding to

i ' 0 | Lk R cd d

o S RE R e ER0 L iSO (TR bier QPR cdpfred 02
préetravanemery; a9 pamousigdisenssed. 15 states. It can be seen

fromthe fiqure that anomalies may exist in.the si.gnal
| cadh g5 ABEEE Fistaod safEtes e 1™ DI QPG L Bh AT HREcne
cokditi6h, as phevidiRIsPdiSouRéedor tinme period 201). This
pre-error data
In step 303, the pre-error memory data captured during step 101 is transferred to an

Fl

error log, as previously discussed.

In step 304, the flow meter output is captured directly to the error log, as previously
discussed.

In step 305, the method checks to see if a predetermined monitoring time period has
expired. The predetermined monitoring time period can be monitored by a timer, for

example. In one embodiment, the user of the flow meter monitoring system can choose
7
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may be very hel pful and necessary in diagnosing and/ or

understanding the flow neter output. In addition, the
w@e@4a06868 data can be useful for calibrating PE¢EUS1008016043

nmeter, for 20 preventing future error conditions, etc.

r eryor._si.gnal |.so usef u
an%i‘ Sefi tﬁ"gﬂrﬁé %}ﬁ mﬁP’é%‘i‘ﬁ ‘i“%ﬁ PS‘F&% ,an@ rf"?% m%{e‘%i%‘iﬂtonng
Iﬁ@ﬁléﬂdardaﬁ Be VB 206kdinghh ﬁcaﬁcﬂd@ioﬁ ok h&vﬁédﬁWﬂro&Q@ﬂw& When
of " a met hod of nDnltorlng | ow neter according
th@pmﬂﬂennlentbmnﬁmg mﬁe phteod cmws,u therpostrerror epnﬂ@ang stbjes and the

mofh Rl SR G Hh Py AR hE Rtk To o0 B umti e

pré’@tdi*ﬁﬁhdmﬁ&ﬁf emgltihge ﬁdr@d’ eﬂpﬁ'@ OotspilientlP, thé BurGtian b the post-error
triggering condition, as preV|oust di scussed. In

tinaq Rsiod 292 1 pentrolled by thepredateyinefhinaniteria meperiad. ng
t f
o ey BBl EA0BCAEN S o501 o koot ey i

savadttp tlie ¢1$or(16@(4099?@ dliarpst-Eryort xﬁerhb@ sire) CHndloegl.d st saving the flow .
previ ousl di scussed. In step t he net hod checks

mfttef Qugutite ¥l§ o508 iR BPM whaen HiAe hmﬂi ihgnef- Feangther aldernative, the
%H&ie n%cﬁx?% ﬁ@e 7 yeagee{nlﬁ %g’%ﬁgg %H%&gﬁ Euth {1*1%13 a& 'Eﬁe%sP 8r time
peﬁudb P02 oaarid be ehdedisesithef art drel thlggmnr@ntoadltnmmrthmar Bxpiration.
em c WO 2004/,106868 . PCT/ US2 6043
and/ B.ste§§56¢tﬂ @(f %fg%? EFRR sragit w&%a@ BFFHiPLESt ?—fg %?heaaethod
ﬁn%ﬁ?esttﬂ@eﬁéﬁggta% pRASAIBRLdQE ng  tine per] od can be
set accordin | ocal” conditions or know | ocal error
pr ope semtrags thlwmhodtehd)opinncmmenmnumasiy froffetsdhe ﬂgwm'uqter output
riod ex i.r.es, e error ni st ops, and
unfifin SRR in deledl HhefuhSh g bk ht e dto? fRia ¥ Saved to an
en’@?k%o A HeQRRRoPE&PurbLpsit-8RoBE A Wt brrbhR gFor a predetermined
predeterm ned nbnitoring tinme period expires.
InQDﬂ@QBQMQmﬂHQWOdIhe duration of the post-error tine
by the predetermn ned
Arternatively, this nethod

GLE ' [l R LCIN — L
e rrb qurm m a blobit dlageﬁi of Dl nm&bﬁém@fnngewém 490iatording to an
saved to the error log (409) (i.e., a post-error

embeispgat of the)inveagen. c&w HowmagiersmonipingsystemaAR0 capincfude a
out (g7 e
corn Mcfau&? 1&’(%} %cr% 48 ae I%S(r%g nl(teégacle 4}?5 z%gaa r}%&)ﬁe%%hg gg(ﬁ& djnzfg% 1 }‘he
pr(hﬁkéi\nglﬁysﬁﬂmj4®3 tgdaciudga Ry Honthanithchdes ﬂﬁfeter anshitbHfg routine
ost-error tlne erlod 202 coul d be ended ei t her
40ay7 Bad triggeygs eonbtien e, & PEheEer memary 40pan 5‘% igiggenng condition
d of the error condition has been
40%5?B5§ gmrmﬂgﬂgﬂe met hod finalizes the error |og, as
pr exinh opshtiorg |t1$ecﬂm ettter nordtoning systerh 408 revetves flow meter output via

enbodi nent cont sly buffers the fl ter outpu
the commurgtgat}on interface EO% ﬁle processing system 48¥Vper orms tﬁe m%mtormg of

the flow meter output and captures the flow meter output to either the pre-error memory 407
or to the error log 409, depending on whether an error condition has been detected in the
flow meter output.

It should be understood that the flow meter monitoring system 400 can monitor the
flow meter outputs of one or more flow meters, including one or more Coriolis flow meters.
The flow meter monitoring system 400 can therefore include multiple pre-error memories
and multiple error logs. Only one pre-error memory and one error log are shown for the

purpose of clarity.
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15 until an error condition is detected, whereupon the
buffer of pre-error data is saved to an error |og.
wab@4iredshod capt ures post-error data to the erPCI/UBIE3/016043
for a predeternined nDnitoring time period. Flow
Met Moni torin el El G is.a block . ‘
o agE OB A, HHEHER 43P et fressiperith o Sy titcating with one
or 60 fidiwndeteR. 3R addflofhe dbiBhicefiod Merfady 801 LR enabiee
flow neter nDnltorlng system 400 can include a
copBRHIeAtOns P telaphone sydemeand/er digiel datanerwearke @onsequendly, the
[ em 403
ﬂogxé ﬁl eff ﬁfo%ﬁcfﬁﬁrégé@ie?ﬂhé&g% (t‘ch%}i | ncﬁ%gglsr@%oﬁe ‘w mefers, remote

rnﬁﬂ@@ﬁﬁmh@gm&bﬂkmmﬁeuﬁ@ﬁ a start triggering condltlon
406, a pre-error nenory 407, an end trig ?erln
condihejusr iniggee Q?dpl‘élﬁesé?sr Wt npyts 09 outpls T hegserdintesface 402
r
ollbU arerf Y EEl TR b AR USRI (EEER Il Bt Jn addition,
thqaum: esaifarg 469 shahiesaB8rsge révdewsaptheedidatu dndperformbthek bperations.
ro meter 0 and .c urestheflo met er out put
Bt 19??&% B? %OQe?%ndPaﬁé?rﬁﬂ {ppypRortign thapcanonygysg a keyboard or
k 88EbAGA DAEI I RNerE! PkddE R i
© g%nﬁ%g?%g@gd Int hgrpof | ow rre%cgr © out pu(% &E%%Sﬁ?fdace 402
caty enclintemstutpod pottian thaténdlhdes arseteen onoihiet dlsplalg Aitsﬂne‘dvely, the user

.4 C nmoni tor. th fl ow er out pu of. 0

inféigss R BR Sompried BiRUREFCEAE" G S HoAEH Pt o g s Iniertace 402

cafBbBpsSse a JHﬂlepﬁtérCHvaEE‘i@émﬁﬁﬂhfcgﬁérpﬁltﬁﬂ%m ﬁ%r%’d}ntonng system
therefore include nultiple pre-error nenories

40ﬁu|t|ple error |ogs. Only one pre-error menory and one

S00AntaRgen B D Bbapesion BB i Bt Sntbing system

400N 1T8E baseesstiilsysRmAB A8\ oBRrieed abhefal PurREBURHERE, ianJ
with one or nore flow neters. In addition, the
MIEHPFANEPIRE sy@wrn, atlegie sreuiy 01 serap othengensral pBipesMPTCAstontiged

or Q488 SLAID R USSR A0 20 b Al D B e
PrERsifO BRVtdHs | c The pickdsingeyyetem 403ownrrﬁctlﬁdésanyrrﬁmfeﬁoﬁmtegral or
nmedi a, and/or renpte users. The user interface

mdmmiﬁnbele@g%%c sioweEe MeAiy sHAfasile premeory syréer 484-
I nt %e%er‘kﬁ&gto?%n 98‘(& SR5Swhéh é@cut%ﬁ%ﬁr:tlll%}%ﬂgg@s?fgkg%tem 403,

con tions ‘an trlggerlng con
coﬂﬂghrts tha proobksng%fem 4ﬂ3eﬂ0fcapmre4@ﬂownﬂéibﬁmtplﬁ @iite tlthpre-error

revi ew data an er f orm ot her, operati ons. .
meyary 404 2@5#1 ﬁ@ﬁ%@%ﬂé ﬁurrwg PYRIWTSAE PR ﬁ[ﬁe %iqw F]&FFTPHB’W {data in the
pr&@ﬁ‘oﬁﬁ&ﬁ[)?gfm? éﬁﬁﬂ%@ﬂ' & &Heteﬂﬂng@yt é@ﬁﬂg %0 19%12161{’&:15 flow

or ot her I Ng devi Ce etc. In a | on,
métertcafud.c Ve ahe pladetemmhcrbl stad Itrlggﬂ:t‘lpg lcomrhtldm Isrdetdu‘wﬂ, the processing

sy%}grélidg S cdhfip gure%%o transfgrt ah]grre etlj'rlo§ Pne%}/o'ry élatta?rrltg ?Itlé é/r?(ll)i(’)g %]96 and
capture the flow meter output in the error log 409.

In one embodiment, the meter monitoring routine 405 comprises data and
instructions that are incorporated into a software platform, such as ProLink II. ProLink is
software for communicating with flow meters and logging flow meter output, and is
available from Micro Motion Inc. of Boulder, Colorado. ProLink is just one useful software
platform, and the meter monitoring can be implemented in any suitable software language

or platform.
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interface 402 can conprise a touchscreen. In yet
anot her alternative, the user interface 402 can

W@ 0vpnoEes a conput er device in conmuni cati on WaTU$1963/016043
flow neter nmonitoring system 400. 15 The processing

system 403 conduct s erations of the fl net er o

ot L5 G B AR Vs Sy ek BResting sonitions that
ar€ G5y IRe Mefl RINAbrilg FRMME 409 FPEt&mindwhen an error condition exists.

m croprocessing system a logic circuit, or sone other
Theetest igeprin itipn 4Ogen icketd, fo5 cseaplsi #yergu\irive gaibraanplitude

SSi A . ISkl ng ..

REREE NP O L B b 0o el Hh o PRkt rpquency
theélibld,ain dree dtide gain freqaangTdehi thiredhell; ah e@ér @0koff frequency phase

I ndependent. el ectroni c storage. nediu such as the

digherrpre thesshold nmrer pigkethiheds diffsrenee feltghresheld e 4@pexcessive or
w80 B B i 16 DH06RSS1 N BIRREI U2, g on g s
combirationsidfpartoriconditiode pre-error menory 407 (with the

flow. neter output o witing an ol dest flow meter .
out P PEEROT PR 4, @P_&F%ﬁg’éw;?umﬂh%ﬁm@peertaﬂon of the
fldfly RERHR! Ricirgd ]ﬁrt’ﬁgtthé eag%ggfgl, ) epree-e&bf fn%o@mﬂ@onﬁheaﬁsly

5 meter output. Wien th edeterm ned star
re¢erveg gexcividpve orethr ontput arsd chereites dhe ndveflpwoneessoutput over an oldest

system 403 i s configured to tran r,a pre-error :
ARLRGHE) O URELRE O P rp ey MeBG OGS it TRUGpeL Suippbs therefore
cohtiRuSRicaptuRidl Bt the Anfolft AN mleR oftBt stbfed3A the pre-error memory

enbodi rent, the neter nonitoring routine 405 conpri ses
409 a3 deterndned histhe size o te nrergrrommemionc#0 D dnamne ¢mbodonent, a user can

sof t war latform suc ProLink |4 . ProLink is, 3
solB34 S & 5 TR0 Dy R P o ERS A get thiore
de%:\i/gﬁkgé Hew flargwo e tv@idowib Prithe o BMYE-drfor A6 thadet Suthhtasctarea.

tion Inc, of Boulder, Colorado, ProLink is just one
us eflypne enbogiment, Biedlaw mefer ortput ivecapiirasrasidigitivest daty The amount

of §30% el SRAETE torstaf Raibk Py Bt Rl RR Dy noconty

thesdigg 6f thé p@g@fdr MGeraR A0T ibanalddby fHeaymsofaligitiestiolnt.e., by the
start tri %ering Conditigns that are used by the neter
sapphing BES @g‘ henunbe of bifs phregelutipny faeexgede)an er r or
con [ ]
can ko8 gERebE condl B 803brel bhOGbIEE HIELd-A ot Rons that
areauspd by tittemetehmeahadtith roatine405to ddtdrimgnegwhen wuqaidal upkgation is
del ta }hrﬁfhold, an.error drive gain frequency 5
ProsERtERAO avhen AITay sRRItANS $easg &0 FrIfh1a 3y meggriogtput. The end

Ao LRGSO e s,
a noithéledrive @eindahplaudchdedaimeshald, asormahdrévecgass frequency threshold, a
un ected rate of. chan I n phase bet n pickoff ..
nogp] Ve paindrsquency;eta Beimold: acngripal meliad! Fecolepry Blsg fifference
thrf@%hoﬁi, ra%nﬁﬂrtgéﬁdfpﬁ\%ﬁe dfFRr&ice ld@l"te[ QkesHEIAQL.Y. ; é?ﬁré&ﬁ B BXiRRted rate

ow met er output when nornal operation o
of change in phase between pickoff signals), etc., and can include various combinations of

conditions.

The error log 409 receives the pre-error memory data from the pre-error memory
407 when an error condition is detected (i.e., when the processing system 403 matches one
or more start triggering conditions to data in the flow meter output). In addition, the flow
meter output can be captured to the error log 409 for a period of time after the error

condition. In this manner, the error log 409 is used to store flow meter output occurring
10



10

15

20

25

30

10 flow nmeter is occurring. During the capturing, the
pre-error nmenory 407 continuously receives a new fl ow
wOoredoenoaet put and overwites the new fl ow net ePCDUSIINE/016043

over an oldest flow neter output stored in the

re-error ry 407. .The flo ter, output |j
bofyfsiap g alitight PROGEEA B IPERIOS s 08 i Drorgp vatuable data
thek bAYb BB to BRHRYIAISIREE dnd RAdrBR BFoR w6 dif6ns TR O bR,

I's determ ned by the si'ze of the pre-error nenory 407.

| n dhe eenblogi4d8 van bea nwsrory aredivgn faspiedtin thesflove msfer gnonitoring

re-error nmory 407 for a partigular flo ter.,a .
syeeah Pt apbpe s me greany sy St Gl G BB g ke s
locaf mBfBremedin, tHRVErfR e 409UdaRWorpSis€ 8BSlit @ate Mdin@HEa magnetic

enbodi ment, the flow neter output is captured. as

megiqgy t dnzticalanemoryhetca idtgmatively, the swontoget09sap pealocated on a
t he pr.e-err.o I '
085 S AR AR OB BE B0 1 0o 00
serfls SRwbivietch sutbie thd erddrdbg Haabvean téiepleone lhe, wireleROlink, or
sanpling rate and the numher of bits of resol ution,

compptepnetprkelsuchrardhe fefemet, fysxamgledondi ti on 408 stores
one i j ot : r ed
M R b S G R e
Alrrmivelg| theflemeameenmositonesatem 400iéanrcontpeise ergeneral purpose
conditions cease to exist in the flow neter output.
ComPBIeE FRANER TSGR AP R e et P IGEDE BY SPREPGe, 1 or
Pr&Eﬁ‘&P#Eﬁg@;ﬂ%@g drive gain anplitude threshold, 25 a
rve galn anplitude delta threshold, a nornal
dr i FEGgaism Hlododiegren ¢fithepieedrodr nzemary i lacenriling tean embodiment
frequen.c%; Efl ta threshal a nor nal Bi ckof f fre%uenc
f ryp

of Pedgueniions B Giscambaped e aro- B R PDLT LIPS E arcelar buffer,

indludih&h BRERYEE pbRitd ¥ s Mk deadiwifte pot&FOTEE uedd t6 ¥ PREdEElly
rate” of change in phase between pickoff signals),

comtirmopslarvdtite ameiwastIflogemeter petpst emitheBew srgiergnto the pre-error

condi tions.. 30 The .errar. | og.4 r | .
oY AP POt b s Proeht P& TP R elbfy 407y pirutar
bulBER oRB KRy c@BbdinidnOthat Scco@bBsHeg thif podt. , When the

processi ng system 403 matches one or nore start .

t ri deyusd, the reaHurite paister $01gistrerpmentad oYy Hiacilqyy meter output is

tput) .. In _additi
sl b oo o YrsPFlocp ¥y 80w metr
ouffut 8¢ a bt oebytes of dighslidatapand {he rédd/ writespoieter 5G1his irremented

'og 409 is used to store flow neter outputwgccurrin

. . g e
acqydipg o theAizecd desilovmets ot dalehewe syt Wheppergerpondition is
frar L r . .

A R e S L

poifitagidaad eadidg atifie asncey iantiowofiht rexdéwiite piftéroninus one memory
met er. (I,he error | og 409 S%g be a nmenory nedi um

unjt et wading daigd k-PEWHEMEdSHni tori ng  system 400, or

Behfis R af ThedRig nenory nedium For exanple, if the

W_O_Q_ZF% I's a 5 local nmenory nedium the error

| og ABAngepushyniieifioov meteo imoditsting ecammiing to, the inwegtien grmbles

cagqeﬁ?cgc;fy f]qy@%@%%{.}%ﬁl %cgﬁ fgg%%ét %rgit ag":?rg‘lnteggrn cz:jl(}rlid\{t?olny dcmtlrg.e This enables

the review of conditions and operation of the flow meter leading up to the error condition,

as well as the conditions and operation of the flow meter after the error condition. In
addition, the pre-error conditions can be compared to post-error conditions. Moreover, the
pre-error and post-error data can be used to predict errors, and can be used to calibrate,

optimize, and/or adjust operation of the flow meter.
11
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renote device, such as a renote database, wherein the
flow neter nonitoring system 400 sends flow neter

wWoipaoess® t he error | og 409 over a tel ephone PCTES2003/016043
wireless link, or conmputer network (such as the

L saton e erdia dRnd i S SicTRY dl {dtetion,
incdfhdiBg BSteoNBY Mightal@/of lowmbEsheId-tHRed 4 fife-bayedleventdh to trigger

can conpose a general purpose conputer configured for
upéih, cvaumsice pf QUEUETERCEROR AR 6YSNH P BIEEeOonat data pate OFehagge of events to

.Menmory - Fl FI [ |
tiggRE B 5peeldom g Hefbrd L tfef o] PERAR Bhork B ogaur, gnd
spddify statd@eH] ifi@idtiohditot ferform waadtawitiin thddatpedicetiowwindow. With this
menory 407 conprises a circular buffer, includjng a,
flexibality e eer oaR et Dometerrcy by PV PSS fo Beopiored, can
ontql i
colf RS by dp S YREERDE hetded ol B ALY ¥ RRURL defined
intpval esth deforemmdoafier 4@ Gonditidns sreahgo used to read data
out of the pre-error nmenory 407. A circular buffer is
one menory enbodi ment that acconplishes this goal. 20
crl Apvese, the read/wite pointer 501 is increnented
every time flow neter output is witten to the
pre-error nenory 407. The pre-error nenory 407 can
save the flow neter output as a byte or bytes of
digital data, and the read/wite pointer 501 is
increnmented according to the size of the flow neter
out put data being saved. Wien an error condition is
detected, the contents of the pre-error nenory 407 are
read out, starting at the read/wite 25 pointer 501
and ending at the nenory |ocation of the read/wite
poi nter mnus one nenory wunit (i.e., reading data
Di-D8, in that order). Benefits of the Invention
Advant ageously, the flow nmeter nonitoring according to
the invention enables capture of flow neter output
both before and after an error condition occurs. This
enables 30 the review of conditions and operation of
the flow neter |eading up to the error condition, as
wel |l as the conditions and operation of the flow neter
after the error condition. In addition, the pre-error
condi tions can be conpared to post-error conditions.
Moreover, the pre-error and post-error data can be
used to predict errors, and can be used to calibrate,
optim ze, and/or adjust operation of the flow neter.
11 WO 2004/ 106868 PCT/ US2003/ 016043 The invention
all ows users to define various characteristics for
data col l ection, including collecting high and/or | ow
t hreshol d- based and ti nme-based event data to trigger
upon, a nunber of occurrences of an event to trigger
upon, a data rate of change of events to
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trigger upon, specify data to collect before and after
the triggered event(s) occur, and 5 specify
wae@tiedsseal functions to performon data w t hPET/UR®03/016043
data collection window Wth this flexibility, the
user .can define characteristics of the flow neter
Whatdpeltimed e nonitored, can collect only the desired
1. W nlkeRded niHiRring B dlosAR el thEmbthd P @6inbiiSing @iestéBrofa
pre-defined interval both before and after the
c sapiinS A Sloarmeirpeutpuitinto sumRsIIor MeWory,orith thgdpesmeter output
PCT/ US2003/ 01604 ' ' i S5 .
noni t or ioﬁéggrwgilt’fq%oa\?’v Orlr%% g??%ﬁﬂégﬁe@gé{oz%dn%} rtlhésAP%S&Jflﬁgn&ﬁory’
stderstifd a predaeirined gtadt thisgeNngrbadition irpiht fiont me@r output;
pre-error menory, with the flow neter oqutput )
O VERFIETTIG FPIETPTIST BISSIoTY Agfvinte pl Pﬂ%kogmh@ttﬁ? Rgdptgmpined start
pre-errofr (VST t g8 predet erm ned start
tri gger?%ﬁ%gﬁ??lgﬂg?sn&?ﬁ%&f ow net er out put;
t rcaptafisg therftpvamptee oetpubin the amonlogafter the predatermined staktdgggering
when the predetermined start triggering condition is
det ect e§OnGHAD #Sdng the flow nmeter output in the
error log after the predeterm ned start triggering
condition is detected. 10 2. The nethod of claim 1,
2. flihetnigthocafingaiins 1, rfgrtherpomiprising arpyelshimpryofteppeicaspeniting aaiser input
user_.i npu that configures the predeterm ned start
that cp ?%wtbe BB‘E‘&FCFPBW@ S‘%.“ t‘?ﬁ%e%‘%l}g‘q@F claimi1, with
the capturing conprising capturing the flow neter
output in 15 the error log for a predetermned tine )
3. pdeinudhed ofedlainhb witlethecaptiiing eorspraging eapiteréter the flow meter output in

condi.tion is tected. 4. T haod of cl.ai . .
s R aRrd SR im sl R e Gyl iy rsesne
coRdiBbedetegscrddned end triggering condition in the flow

neter output; and 20 reverting to capturing the flow

nmeter output into the pre-error nenory after the
edet.er e ' L bt ' ected. 5.
4 R St by S PR TR Sl Ser ¥
pr elderctiay ¥ prideeriined esdpideptngcimsiftion inphe flow Madter output; and

configures the predeterm ned end triggering conditi%{g.
25 @everting ixapwang theflow meter ot Bt gfﬁﬂ?‘@ﬂ@%%méﬂ &g the
t }: : triggering condition
pr%%%ﬁ%ﬁ%dpe?ggg%%?%&%é%ﬂlgﬁlglsﬁe?%ge&i ng condition. 7. The
met hod of claim1l1, farther conprising storing a neter

identifier in the error |0
5. The method of claim 4, furtfler compng

that configures the predetermined end triggering condition.

=0 )

ing a preliminary step of accepting a user input

6. The method of claim 4, wherein hysteresis exists between the predetermined start

triggering condition and the predetermined end triggering condition.

7. The method of claim 1, further comprising storing a meter identifier in the error log, with
the meter identifier corresponding to and identifying the flow meter generating the flow

meter output.

8. The method of claim 1, with the flow meter comprising a Coriolis flow meter.

13



10

15

20

25

30

30 the nmeter identifier corresponding to and
identifying the flow neter generating the flow neter
woipaoes68. The nethod of claim 1, with the flpPOI/Ie1088/016043
conprising a Coriolis flow neter. 13 WD 2004/ 106868
PCL/ US2003/ 016043 9 ow nmet er nonitoring system
9. ¢y Y”E‘Btﬁ’b’?jlogﬁ?f&g S&'%Bﬁ’f‘hm R E S nt er f ace (40>1/)
confal @uirfehitRioheseife GOV eomELafed 90 tddiive flod MERT BHHOH;
menory (407); an error log (409); and 5 a processing
sy stadie-caoBeawEy (49dhed to communicate with the
co ' ' I rface (401), the pre-error nenory
(48%%@%‘1%0@89)2?{#% | og (409), capture the flow neter
out pUirote’tiag kystern (4639 confi guredmor on{iiigate withithé b@nmligeation
nmet er output overwiting an ol gest ter out gu

. fl ow t

intgriagedd01 n theraersprar Bemery (dimbapd Hoeryor I%Q@L cgpture the flow meter
) € r o

oo BBt o, 079951 8 SRV Ol Rl o

flovhmefer eutpdt sored in therpoe-grr@Enoinfdo7), ldeteetr a pred tegnifdD@hrt

when the_predeterm ned start triggerin condi ti '
iR B CBAIN i (4 SN BCERBP Mo A Tk PETISE Erermars dpipdom the pre-
erfof frféhlow 94(17’5L QR 1af drk 16@@09%1%&1?&1% rfgédéﬁ‘egmﬁieﬁrsﬁart triggering

triggering condition is detected. . The flow neter
conditip o detestesly sndeeapturo e fddw oletdr putput e thei enror beg (409) after the

deternmined start 15.1tri. ri.ng condition (406) is
pr(gc{ege'r@bnqd%]tagt HEREHE (ioﬁlg bondgg%ﬁ%ecgl ow met er nonitoring
system (400). 11. The flow neter nonitoring system

(400) of claim9, wherein the Fr e-error menpry (407)
10} Shetflomerrcienmaniiemng ysiean@P0bet ¢lpie 9. whereinitles predetermined start

.nonitori S m (400). 20 12. QW lTet e .
wigre SopdoR YIS 4188 ety (4185 of 8 MoM b Eleu mopiing svstem
(46®mg (409) is stored in a nenory (404) of the flow

nmeter nonitoring system (400). 13. The flow neter

moni toring system (400) of claim9, wherein the error

I ' : t . t
115 3R e mopRof 186 Sdeh o e b P Il megpory
(48H3$ aore(l40@)medfiore (40409 thevitar gieter nfvmitoriag ey seeni(4080l

start triggering condition is user-settable. 30 15.

The flow nmeter nonitoring system (400) of claim?9,

A . r‘ .

1218 Tl i BloBRGRR, JARY TN Q4B Wikro i iforlog (409) i
stoeed mra hepo(4@904) dfche owmateahemitarmgdysteme(40@x i od aft er

the predeterm ned start triggering condition is

detected. 14

13. The flow meter monitoring system (400) of claim 9, wherein the error log (409) is

stored external to the flow meter monitoring system (400).

14. The flow meter monitoring system (400) of claim 9, wherein the predetermined start

triggering condition is user-settable.
15. The flow meter monitoring system (400) of claim 9, wherein the processing system

(403) is further configured to capture the flow meter output in the error log (409) for a

predetermined time period after the predetermined start triggering condition is detected.
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20

WD 2004/ 106868 PCT/ US2003/ 016043 16. The flow neter

nmoni toring system (400) of claim9, wherein the
w@e@aaemsssg system (403) is further confi gur ePlCT/0S2003/016043

detect a predetermned end triggering condition in the

16 .g'ﬁ‘%lg E}I{)W?Iﬁ%tgru %R@Q%?@es‘ég{e%} 64§8f§)f?{} 5%{4% %ﬁeg?q{l féﬂreopvl\!?g%gig é system

(403 SPRHBEonEduab Hetett a3geddtaignitaneidittiggering ddatieioh élthe meter
5 17. The flow neter nonitoring system (400) of claim
outpgt angsv et i eapEripedhe e AP it tRRfEreriog memory (407) after

C Ltion 4 - : . flow neter
therpg%?éttcd r[i'ﬁegd %%ﬁ%e%ﬁ%%@%tfancﬁlgg‘rrgzé%g., wher ei n
hysteresis exists between 10 the predeterm ned start
triggering condjtion and th deter m.ned end )
17¢ Th mlﬁ@t%@ﬁemwmmysteﬂ@gh&r B Gritrein fhr et pggined end
%lhg DAAAN isQUserCdepbpled, W th the flow neter

oring system (400) being configured to nonitor a
Coriolis flow nmeter. 15 20. A flow neter nonitoring

182 %L{a m}rﬁgmgtrﬁf %gc' Qéy&ﬁﬁ”ﬁ%ﬁg@ﬁ@ gig%%p{llg;) v\/\\/@%]g{t\iéflstgtregles exists between
the?;lS}Q(ﬁét&H{iﬁéH dtat HidoRhihg BorditRGLARI tHE pAMSieAfink® eﬁ@mggelﬁn@condiﬁon.

ow nmeter output into a pre-error nenory, wth the
flow neter output overwiting an ol dest flow neter

0 t stored in the pre- or nof y.,..0et ect o
190 thB Yo nfkirontoriat oy @PPRe TR vrigh Bk HobRstpmonitoring
sydtdR 4008 hefngQhREired td MBSk a GotMdIR-fRIW BletsfENOry dat a

into an error |1og when the predeterm ned start

triggering condition is detected, and capture the flow

205 S B R 8 30 ol 5, BB 180 o

proist @aprivate: st ores the control software. 15

control software configured to direct a processing system to capture a flow meter
output into a pre-error memory, with the flow meter output overwriting an oldest flow meter
output stored in the pre-error memory, detect a predetermined start triggering condition in
the flow meter output, transfer a pre-error memory data into an error log when the
predetermined start triggering condition is detected, and capture the flow meter output in the
error’ log after the predetermined start triggering condition is detected; and

a storage system that stores the control software.
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