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, A CORROLIS FLOWETER Field of the Invention The present invention rel ates
to a sysigohefssval idating a calibration of a Coriolis floﬁ@?ﬁﬁ%/o je
particularly, the present invention relates to neasuring thé period of
oscillation of a flow tube as a material flows through the flow tube to

det er m ng i ' i I

or oper t1 Y SIEM R VAGHA Tins CNBRAACIFE AORIPES FLARMERER
invention relates to determ ngfgd\Wiehe Igesigosi ty of the materi al
calculated fromthe period of oscillation of the flow tube is not equal to
a known densiThe pesehtinvention aelatew twha siystamifer kalisatingoa gekbradionodlia ef f ect
mass flowreters to megsure mass flow and 10. 20 other . informati on of

ot or | aLOTRVGHPHE SR GAgHr oA P ey fhe B saLintBuleh RIRES 1o MedstinafEe

4,491, Ogeribg YigstclidtidonFof STowW tutR adla- materdaMewsy thkoud93Re a0 Ribe &1, 450 to
J.E. Smth of February 11, 1982. These flowneters have one or nore flow

t ubes ofietermine #dherenifagybean iacshangedn matenat obeross sectenalt pupsariesioloriol i s

mass.f ter, has @a.,set of natural.vibration es i.ch be.of a
i mobe DEnfioRduBss i3Rare Pa i wf el5aEnCavETHET s P BB o
driven WhepdhédeAtity 8ftheeRaRMALEalbaiadrdth th geBod af dsaliatiIisthe Tibgy nat ur al
vibration nodes of the vibrating ) material filled systens are defined in
part bytubgeisdwtisanetitmaksown densityjopihe msderialnd the material within the
flow tubes. Material flows into t.?ﬁrgtllg ter froma connected pipeline on
the inlet side of the floweter. The material is then directed through the
flow tube or|tid kvown besseCdriehd éffedt heastiflowméers foomeapireahasefieqdmect ed on
the outlet side. A driver agﬁghes a force to the flow tube. The force

cau$@s ether nfermatipofiraatesiassfiqwinathsoughapingliveas dis¢leserhind/ iSaiPatenini ng
t hr oughyih I r I i o) I Ll .th-an

| dent | oNP S REE8ed AP S ef SR, 1O R R S TS0
Cor i ol i Srmithosfl Fetataons! ctiBR: Thede fovmetersdrayetdre 64 mord flow tubebaia a

di fferent ase_wW th respect to other, points along the flow tube. The phase
on ¢ he. SuVB SO BRLIGRon BN DR tubR CoGRIT R B CeTg RS T MRSRTARS on t he

outlel 2lsde of firal Wbrélion Fhode AL nfhy? Bl S8 LiRbiel YEndihb! RirSftinaRO! Nt s On

the flow tube to produce sinusoli signals representativeof t noti on of
t held | gwdialper apupled type. graakt #ow tube iSUBSENTOTECiliaEETt (GRUDENRE)IN onNBD

99/ 3916 CTI1 US99/ 00722 h di f.f er.ent t j | . ived f
Lhe.serUpess Bt paes.oThe Rl aluitsRlich sl g WBiindy Riabefidaet neen
the twosyaesn8rarsi @dfed irf paroPPiié @Babined trhgsdTes shd Inew fed ahdithe
material” flow ng through the flow tube or flow tubes. The 5 mass flow rate

of N Be matesial withinsthediayy iresd Mgtenal flaws ipteghe lewprieeiromis eprareedy a f| ow
o oper RS AR it Bl SRS BREE i EIngRTHS thin R ARA IR ge o 2

i ns1Cal Ifiiw tubedr flobetubles wimeitedditsiting flovemetarab anspelineeconnevtetiodn teadut@t f act or
is determned by a calibration process. In the calibration process, a fluid

is pass%‘é?-through the flow 10 tube at a given flow rate and the proportion

bet th j | ' dvant
of & Cor of 1% T, Al £ B30 [ ot THE Sorp camaes b Ao gBe o rate
i s not cxcillate.eWHen thess isafo materizdflowimgoheoi gh the fliovenétieovatigdants albeg f | ow

rate is determned by nmultiplying the phase difference hetween two points
15" o IS KRR PaBHSTEI HE R FO R BIE ah G eI POO SO S TTAGR st he
Si o] j | 8ofi Sutdeiaehtddi ' i Wo
.0 AR BT RARTA L P USRI iy pRERL) b0 Bl

si nusoiadiiffersingphbse witheespactdo ntharpointgalomggbe fewduben Thephase anitmy f 1 ow

tube. The, f| | i brat i factor, .i ti | to th t.erial d
sect i offlFt praptine 48wSbelact FisPei A8 e pRaR phhe AEUREABRIERET "of tho
phase hé tavenceensslstdie dhay sedwddifieicn poants oh the Boalbafltb gbetedy wear

of noving conponents in the floweter. However, it is a problemthat the

nat er i &iNuseidal signals eenresaatative @ dhe mediosrofdhe flew whpat das twadiatsdur i ng
use of the Coriolis flowreter. The changes in the
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material and cross sectional properties of the flow tube are caused by

-erosion, 25 corrosion, and coating of the flow tube by material flow ng

t hr oughwdebieaw t ube. One exanpl e of the change in cross-meEgUsDal?2

properties of the flow tube is the change in the nonent of inertia caused

" by cor rfophase ditetdrcef bbihet twioesigmals eecmidedeamlitike senaochaagalduiateldennat eri al
and crosst-s?ftional properties of the flow tube is an increase of the mass

of the¥ 3R tW6e and a decrease in cross-sectional areas 30 caused by

coating of tg jHAW dif@Rrl¥ hERlEEh Hetwd Qéwmsﬁqﬁagwpkm&i@msrtoAhehange in

the material and cross sectional properties of the flow tube can change the

f1 ow canass ffaw oalef efcther meteriashBowingathraugh the flowetubeoar flew brbas. omheéact or  of

the_fl owneter changgs) f|ow rates that  are cal cul ated usi t he ori gi nal
1o o e v e PETRmolst el bdrisminos e FRY I Mstindss fesdier by

PCT/ US@9&0 CakbraitiBni fagfstUTaisCliow aNiBflch f4dier B dsterniised by hheerpt for a
systemthat detects a possible change in the material andl or cross

sect i opadpastiepand eossisegtionalwrepgrties pftheafiowdubae Frigrstorfinstgliatioa ofreasur ed

by the,Coriolig fl ter lkhacgur UT. he. aboye and ot her
p)r/obl ef‘Fﬁe A]Pg"%%?(/é@t\ggﬁdp'gﬁmg%vg’%cgoﬁnsg%@tagp? 5f|a§8g0 hgl g\}é%"ﬁ'ﬁgguéﬁ Phe

provi siealbrafio®protEseM IhQhe Calibréadn Pploddss, Bl il apabsad itrughctherfin a
Coriolis flowreter. In accordance wiith the present invention, a period of

0sd01 | titherat angiven fipwiate aed e preparien between Biahase differenceppdthe a

mat er i f gh the flow tube. The neasured period of oscillation
S theﬁb\gsré%ﬁg;‘l’g%@%gp' a possible error condition in the Coriolis

fl owret er. Oheadvastddd f £Conslisdioweieris that thed acdiadcy of hen@asunst cat es
that the Coriolis flowreter should be inspected for paossible danage. A

Cor i oi Mase|fionneaters nart afigries By areantd mPYRGtcRsePeneRtsdpdhediavenets- t o 15
: et . .
et er ‘Fh@%%‘?é‘t‘g‘ﬁde@rﬂﬁﬁé@bi r'hﬂmg'i;ﬂg% 15 ﬂgﬁréﬂ%%ﬂwéﬁgﬁg gr he

electronics and are converted t | ne-rea | e or )
di $5t abnghgfawtube andsthe fisv dalibaafiom fagipt.i cEte only ippuf & thedsibusaidal ocessor
in the net [

r. electronics .to determ ne cer.tai roperties, suych .as mass fl ow
ate aHAMEBIET e SENEHS deaing thecsaliatori sl s OF the HaWatbene
| nst r uCthP PRadL HittdIBREe 3P RhicEREP FonttBe SiMiitadlsigRak. "BHRFY af@Hiect ed to
the processor. The present invention relates _an application ?erfor med by

t he prowyingoecompanents! inddeewbrativgr flow itdei br hbe dlow salibratisin fagtoCisr i ol i s

flow neter... The ,val.idati,on ,applicatio .per|j of, oscillation of
e 11 BUaRPHiPaE 48 atnen Bl "R k85e, YecDRREL BB yET | 0 S dkbtne 11 ow
tubg. Theref®asteatieBslicPtembof PRGHdsaldifidrense hhgthasieds ddlibdgtlieeiackmssi bl e

error conditions in the 25 flow tube using derivations of an equation for

det er n@fii M affestatehy | wearssf raoviag épmponenghimathsdlavametar. osci | 1 ati on of the
Low tube. . . PR _ !
Condi ¢ ons TAeRE 1 a ol haf thd FeSigieit ¢80 SEBAbACIRRBIEELOL OF

cal i brafioanutbeachnchahga dutingwéebetrandotibiés fleamuterd dEnsthangds i thet eri al
flow n thra?u%h the flow tube. The flow 30 calibration factor (FCF) is
equal Tatefial and Groge RNl PERRRtieh Pf the lownibe §re CAUSEINDUNEISSIMddUl es of
elast i Lt Aeid P t | | ) of the
150, Sitosig ankf Eoding b HE fobibe Hytppterta folRIEF Bhrchlon (! fai? e

cal cul@neexampldBST te/TRaSGERT cid’sideclibhal pipe@icx0bB tHs AoRCTbES8he072Z by

o Rt e R ol el ofogoh e BeRl i e e
then adgimigle 8f a change in the material and cross-sectional properties of the flow tube
is anincrease of the mass of the flow tube and a decrease in cross-sectional areas
30 caused by coating of the flow tube by materials flowing through the tube. A change
in the material and cross sectional properties of the flow tube can change the flow
calibration factor of the flow tube. If the flow calibration factor of the flowmeter

changes, flow rates that are calculated using the onginal flow calibration factor
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second density constant (C?) to the result. The first density constant (C)
i s’determined by nultiplying a second geonetric constant (GZ) by Young's
nodul us ast|C|tyfor the flow tube (E~) and by the inertia
.of the P%o%fltgﬁ e (o). Since the first geonetric constant lo&“?%émwz
calibration factor and the second geonetric constant of density are both

mul tiplied s of. elast|C|t for.the flow tu nd by the
ronent BF RGHRE. e RO B 5 MERe 1 6 2Lct & SXS'EH PHEBSRCma ¢ he
first ctﬁfs%iﬂla cﬁan§éaﬁﬂtheh@a@ﬁawdvcbroeaéss $Ectiort ap@pettied Ha fﬂbwsthbée“S' ty
constant (C ypically not attributed to a change in the second

geomnet nhdlcatm@ttbﬁt mass) flawi oes meamuedeby thetr Qosiolis figvemetaremiayl bandl or
Cross section properties of the flow tube change. Therefore, a change in
the firRFCHER é ty constant (C,) is usually caused by a change in Young's
nody us (Eo) or the nonent of inggiidTiont he flow tube (l10). Since Young's
nodul us 15 (Eo) and the nonent of inertia (lo) are also used to cal cul ate
the flow callle abbes anacother pFarpmsi arec a0hed asdareadvante in timaddsin t he

f t d t t ch f |i brat fact
(For) . R e droveioti Pblre St VAR B e fon bRt Bt o ¢ ne
rreaswedc@%ﬁs owrhefer MBI acabrdahte WiEh MR prssht densition, @f péfivy BRt eri al

is 20 inaccurate, the first and second density constants (C, and Cz) used

to caI oscilation pka (ﬂ]@MSMbF mfﬁe@ Gariglis Hewimelet iy Reasuredmsea material oftpves

0s f i@l tube (P)
i's C‘ ?“%@hcg\ %te ens y OPE {ﬁd Oza)tsé,r“?a ni%\%“%ettdﬂ?’ouédgwt%e flow
tlﬁbe lpbssib:]e)e?er chagtt@numethemrms nﬂod/m?te%di ?1 passible €Rpr gonmmw 35
change jn the first densit nst a ich i rn indicates a

pr obabP&tegiadga signa! HBd!anf%% g‘élt it g:[qr 'g’ﬁs ffg{i’f@?te{rﬁgﬁlﬁ d bgdnepettadifay four
exenpl ts of the present invention detect an error condition

i ndi ca?E)éS@{Ig)?%hgﬁgasured period of oscillation of the flow tube. A first

and a second Exeoti$ alnwme&e«)dhasfsrmwﬁaeoa therfiaw yulef ttmtrmewamiectmi toul at E: d
fra?a asu'réeg( BEI’I smb’\atlon of theflcmwé ? ect an error

i t TBHEr 81§C Q%‘ AP SR HEMR re&eE er ACSconst ant
to det gpl A8 RhUEHe8BHhhtAe-réadabiE bhd l511?\1%13’5 evhe%dif‘d“% iseﬁﬁes an
error condition froma 4 SUBSTI TUTE SHE 99| 39164
PCT/ USgsed a3 2iata tarapplisstions perforaesiyeal pp@ﬁ:&asdr m‘thesnetler atactmn@fs tohe fl ow
tube and, a known ,period of osci)lation pf th e f a giv
mat er | SPETHIRS F??SP RIRRRETSS ?”‘é’r‘rﬁa&“%ﬁ%éﬁ n@& & ?%%H?ﬁqﬂ' nin the
foll O\Aﬂ@@.rrgemmgsh mdomfwwbé)fTmsmsﬂrbatdmw&hééeeapsﬁlmmbh@gre Stor@ppured as a
material with known density flows thr ough the flow tube. The density of

t hd0 mad Brempny eoregicted W tha Preeassehd heseseBtNperticsTelftesaapppgation. The

cal cul %’Z%"@%‘%Eﬁ@ r&%@b}h%?yé’i[&g?ﬁ{eﬁkﬂ&ﬂ BFaqLoﬁqga%FSFthel orcﬂgl cates an

cal cul not "equa nown enS| a Si

error fiondhétennThevalidation edplivatien seedsiees laoyeral mfcrmﬁnamanfoam@ﬂoway have
changed and i nspection ofthe Coriolis fI?wmeter IS reqw red. Ifthe 10

cal cul Wbedas /i Maieial haneo: @ daowpedensity Tlowsehrrugh, thal fiawsiber odheat e i s
h
accur(aj,t,.‘gﬁger e a:%@lo@éfdgdll tlBh?é"fﬁEﬁ%Eeg?@ae@E{t Rg?ﬁfﬁ%@%&%h&%%ﬁﬁ% The

secon Ive exe odinent o resent rnvention allows for
a 2ol efrlcwmd:mbe nsmgedemvapans sbemn echuathm foaldett’em’uleldgahel densityotenmitérizés of the

mat er i mthefg l\g/laﬁgnﬁ f ter a density of a material is
cal cul a?'@oa Pefied 5 oRA He W RIB& bt racted from the cal cul ated density
to cal cul at eh@pdgyy BFbwllélfontabﬁsé‘cﬂb@étéét%s@ﬂﬂéeirbSrch|%Wh%é%w' s then

conpared to a range of tolerance. It the deviation is outside the range of
t ol er dube,bexagsgdithe nelationship hatwaeandthedtowlicaliration faciocola ﬁdwbe!aause t he

flow c ration factor hay ed d ins i 0 riolis
1 owrealsh S eBRu e ety b8 Ml aRRa R ol B Tt o BT R
t deer angigratictefdtRes (FEH) Regudllteve Fi rastt?ecﬁnamtmts@am@s § hw@nreld%y S
f | owet erdoes not have to be inspecte
Young's modulus of elasticity for the flow tube (E,) and by the moment of inertia (1,)

of the flow tube. The density of a material flowing through a flow tube is caiculated
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The measuring of the period of oscillation and cal cul ati on of the deviation
‘can be perfornmed at periodic intervals. The deviation calcul ated at each

i nterval tANH&%tored for future use. One such future use RETVHO/8TBr ed
cal cul ated 25 deviations is control charting the deviations. Fromthe

“control charting of the deviations, the Cower and up{)er limtsg of the
t ol er an®¥ Mg R th® sqHatepihihgaRENofhel espillation eltheatiowdubgdRy) as yhe

Thodi ) ) . A e
Cory o 1 Thateflal dolfs RirGaging MBENbY AR JRFIMIC, FARd e FBolid 1°
nmanner . séchnd YendrpsidnstannE,png the reslitul ahedirdtydensia) idongtar@nQyy ii®r to
use 30 of the third enbodi nent to detect error conditions. In the

cal i br agetgrmined by seuliplyingce secanstaeometriseaststaid Gl by YQHg's samdesr ed as
fi . : : . S red
N T T AT

f At Jt _ES¥de thelfirsOge8hidiA6 4oREIRhtBH HEDfldW L alibestioneid cisr ang ettenseds{er ence
materi al having a second, known density flows through the tube. The first
and sec8RAMSEIG eristant gdansityarepotheultinied By g s MRdulys of elagtieihed
period gl s %-bvgabé%d' By t?;%!t?ﬁér%h?gf iﬁéﬁm df1Re ﬁ@mnee?m@nsg ds%rﬁénp.f
oscillation to determne a change In the squared periods of oscillation,
The fi r factar ambihe firshdensgity constdntrage pedpdntionalt he second known density to

det i h i itiges..Th h i.nd it is.th divided b
Che TBhange i B Gbas.im Ges Tist Bty CapsBRt e adr oH PR T fiteq a0 or -
densi tyckefed fihe E&ofrxhrééqn‘?&ﬂéidohs%ﬁibamvhgﬂ ERdnddovBndpfside/iheand the

first squared period of oscillation are stored in nmenory for use In
conpar i B@terialfangidrserges sectian proparties ob thieflow tukr:cbangan Eheraforeoadi ti on,

the third ) i t .the first _densi t in, th

Fol | owi FEpHRiAGPE oDy BEP bl sl RneE T, hEnenga f Sounps -
measur eghodisiud (Ef) sthelmibilei dffingrtitilin tHk #aw wibedg))siSincd Yeuhgishhedghst he 1 ow
tube. The neasured third period of oscillation Is squared. The squared

pendd ofEdapfithaimemest obinanlia (Ia) aieralso disedde salsulriedhediow calibpriadonnr ough
the fl s 1 ' ' illati
o det et IRCEL, Speat el At fed 4 Hfarddh Qne St BEnDRY Bfa@ht BN | 76"

of the indicatedg ehamperin alflowsealibratisrefazton (FQF)by whi ch material woul d
provi de the /great est .change in the period of oscillation. The known density
of the referdrd@ngs & itae rst ggpsitnGangtantoth ¢ AN ke gekerdem faemshey to

determ c [ eRstbhikes éggﬁ j ?r%’h?vi ' [ : n

di vi dédﬁg?gt?%g QEQ% eo:?néjsqualr'lglg dae-?l?eogﬂ 0 82('}? a i%ﬁlqtﬁ% ﬁgfég'rat'mh%e a new
fir20 deascurgte;dheffissttandEeeonddehsisy catestamts YC canmsCanisadstomahpaatecheo t he
stored first density canstant. 1f the new fifst density constant is not
cqual (PSR PRIBRCERE (IS 4sPaed ohST RN Phineciae Ebmas o
condi t i ®AE%al0REWS tRFIOUIIACRETRW el (PO eidkd 5 @é!c@ﬂa_téakﬁbcﬁedﬁx dtame changed
and inspection of the Coriolis flowreter 25 is required. If the new first

densi t ynstanist fowingribrough thedlowdtubier #tis gessibleyio ¢sadhameripdofagailiationhe

nave. o AL PRt NG e RSy EonBhlhuh B TR ) ot
t hesratmbbablefdhaitigeantthe AoetalibeationdacionpeCFy known because a material ,
such as air or water, having a 30 density that is well known orthat can be

found in a tHW ®lewing b exempiany @mbodimeats ofipaeresentinkeripswAetdshsi ty of

t he matgy| ﬁaﬁllig I, g% i ; EET (RULE
26) \@'%@rﬁ@l F %%é%gl}gd% rnatSE')])é?cli é?%%?%ﬁ}f?lagm?ﬁﬁﬁé er uigg-'l i ne
w t h t efisband hisecbhdwxetrpiary @nttedaimentesd Adeksionof alareetiyl cdictlatedmat eri al
rovvinqthroughtheflp\gtube, _ .
rom a measured period of oscillation of the flow tube to detect an error condition.
30 A third exemplary embodiment uses the first density constant to detect an error

condition. A fourth exemplary embodiment detects an error condition from a
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fn the fourth enbodi nent, an expected period of oscillation and a neasured
period of oscillation of the flow tube as a material flows through the tube
are 5 conpared to detect a possible error condition. The expected period of
.osci | | atYorPoi38ledet er mi ned from cal cul ati ons usi ng a known BHERRISHY0IE2 t he
material or fromprior neasurenents of the period of oscillation. The
period of oscillation of the flow tube is neasured as the nmaterial flows

t hr oughcomeafisawot aieastied pezadof edciﬂaidro@lf tbe flosciubearida knewogeiaded t o

t he expect ed ation t he, neasured and 10 expected peri ods

f
of osci?} %?9"!#'0&0%9&%3@?5 radggeﬁdpatg&aa a signal indicates an error
condi tion ha ?h@?i?éfrerﬁgﬁigopﬁ?@ﬁ%dlrhgnf B@Wc?@bh@'fﬂiﬂd&'ﬁdﬁ?&ﬁ l?lr’( Q&Mué\%gecmnged

and inspection of t olis flowreter is required e nmeasured and
known paahods Afpasiodidflastillehomobtiegilew tutenés mure@l amma‘fém& withe is

and Bt HRIOHagRRT AR qugh (B BRU Lo 7 B N BRA Sp AL BRO St Che

dr awi NgoRiRe %éa%ﬁ?ﬂd}%rféfd de@cuﬁﬁt‘iéH Iﬁqe d8ReNdtB 'aﬂa KnbRrE@dnsifidsbfthE TION OF
THE DRAWNGS F1G 1 i1's Coriolis flow neter conmon in the prior art; FIG

2is a mate:lafl laragmrapamﬁ ﬂﬁbematcefateddcf!smnisosotuaﬂuahto merkrmwrsdtehawr:ster 20
FIG 3js. | - : : o
FI ownretBighe] efR8 e Sofbatilii HpS DeglfBh fotailss” 338 £o% putBRf csont

I nvent ifabtor My hdve chadgbl and diepektioh ofthel CotiolTlwenariis iquivede tne
condition detection process; FIG 6 is a flow chart of a second enbodi nent

of th Galeiategmndhknewndansitiessie gagak e megsprad mass fow rateiyackdmte of a
third ﬁl]'e”@% fﬂo%ﬂné{er%eg%@hﬁbg'fbBEHS&;Bé&derOCGSS FIG 8 is a flow

chart a poSsible error correction process using data fromthe third
enbodi rrent oThearseeomd)raltemaﬁvmmnmtﬂha,cémbmd;menbsﬁ thé&IpEesént mvanfibow chart
for a fourth enbodi nent, of an error detection cess; FIG, 10.is a di agram
of a syRiPum ebAtalerRNg 'a the Gemiperieen oh e e ichiates RGAHNOvED daBRkes Pf of a

mat er quh% nFelt@h?lH Héfoﬁ g%&:'?ﬁért Rﬁeﬁ?&éﬁﬂi%f?gﬁ@naﬁ’@é@%eﬁgd g?f‘ét erial

as teria he system an Tl TUTE 26)
CVO599mmldd@Gﬁ&ussgbtﬁiﬂedzfrﬁhﬂhemI¢Ldat9:dfdm|tqharcaIomﬂate ardehmloh of finding

upper r i erance ra TAI LED I PTI Coriolis
P borre dts calpsaa st Bhe dewlin ¥ hen tarerad Srengr BpE Nt or &
conpri $hédediatibR e EiteHedss ?éﬁﬁeyoflgle@ﬂ%%tﬁ?nﬂh%bé%'aﬁiSer%Qr coRdifién
electronics 20 is connected to neter assemb 10 via |l eads 100 to provide

densi t aswgsyrred @@cameetha/flﬂvuwxbrafm fagtas may)ha\ve ehangassand inspealien ot her

hac R R EHRT Aolnten 1L SOBAG 3 BB LB SRRE P R Blher or "0
r egay d k&leparfe, iHtamBLgied mﬁssdrowaelté:scarccnme Analies Cokiohs fiswhidtes@fEor s.
Fl ownet er assenbly 10 includes a pair of flanges 101 and 101', nanifold 102

and f1 6@t hawedo PeInsrastEd03B. Connected to flow tubes 103 A and 103 B are

driver 104 i ﬂ%ggwgl%ﬁ@{;@jgég@tdlgvﬁ?%ﬂ%%%a BLRE 1l3ﬂr %Q%%@% serve

to define the axes each ow tu

osci | | shnse pgerfotieed & myitelicntervanbliye di@waﬂonrtmwlet@dl aatt@ac&h intexebi ne
system not showra) whi ch carries the Haflu rial belfnt%erreasur erial

ent ers© po%ét%r,e ag%éHmr? Uss- ne suc ure use o stored calcuqated

25 deviations is control charting the deviations. From the control charting of the
deviations, the lower and upper limits of the tolerance range can be determined.

The third alternative exemplary embodiment of the present invention detects

an error condition in the Coriolis flowmeter from the first density constant in the
following manner. A first density constant is calculated by a calibration prior to use

30 ofthe third embodiment to detect error conditions. In the calibration, a first peniod
of oscillation of the flow tube is measured as a first reference material having a first

known density flows through the flow tube and a second period of oscillation is
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t hrough flange 101, passes through manifold 102 where the material is

‘di rect e%,ot gf &géer fl ow tubes 103A and 103B) flows through flow tubes 103 A
and 103B°2Rd"B3ck into manifold 102 where it exits meter REHPPHORA
_.through flange 101'. 20 Fl ow tubes 103A and 103B are sel ected and

appropriately nmounted to mainfold 102 so as to have substantially the sane
mass AMRASERR P8R SPRRRShISIEBINCEHERIS ) NG BRSCORC AR easty fOWENdi ng

ALY j i I th
e 1 of LA bl TRBRRA s ebond Bl oo e o D el SRR ThE AT Ve
by dri fiest stOdredrpermubsf asrilthtioeds isobsraaten frobhibersez2®ndespented peribérdi ng axes
Wand W .at, what is t dth irst t, of. ing.fold t
71 owre PSR eteterm e SERGFIIadnE U EraRoRBIa SvIRIoH: + HiyBisént s)

such apnawHBERSty swuﬁt%té@frbmﬁets%snaﬁ%ﬁ%ngnyweeﬁqwnégichaﬁgant ed to

flow tube 103B. 'An alternating current is passe hr ou the opposing coil
t o cauBedéritiest ubeschangs bl deasites 5 heintdivideddyithe ahiangsl initbe pepbded by

30 el. ' 0, via lLead i 4. The d i pti f
e 18P eSulon Sdrefcto, derini vl Bk aghdihonstant IR FRE WeBbE o
f 1 owregeristamdfitss kRdivni dErMJEEnd ehé FirBtisquared paadd 08 ostillEhen RFEsRAEd

invention. 8 SUBSTI TUTE SHEET (RULE 26) s 1 WO 99139164 PCT/ US99/ 00722
Met er il emonnhfar usgonrcorepanisonshef subgequentitastst vel ocity signal s appearing

on heads 11 ' [ ; : i 0. produces the
dr i1¢)/e Si gnaﬁjn dg}ﬁgf éoééerf‘f{)g\ﬁ/\ﬁ%?ﬁﬁ C\ég'éﬁ{aosd\/gb:é\%@?& %gézf{\? @r@gﬁ? qcﬁrin n*’feg%. t ubes
103A atmé fikdt3Rnsith eonstanein theryowing mannete K thirdgreriery ¢f dbcilfzdionRf gfilice
multiple drive signals from5 nultiple drivers. Meter electronics 20

pr oceskow d4he isaeasyre Aseh Hard fuidivithpsthird keewpuaensidiows duowgh theand

. . . " : ) d
Phput ot ibe Aieengthetthird Reno|d boLlISRERts qléfet, e siRafbeiafie’y L Co "
wi th aof ogoitationrof dittieera fifst arrsecond raterial GomengthroughGhe2fld® tildSis 2
illf strates agl ock di_la ram of .t he corpon ni,s of neter electronics 20 which
pel orsHitesicH Beacbedhidisiiated Borind 9biassiition fR dRtarBTine A AEANGRIMand 111
transngp u%réqefcdser%‘ﬁ cflf'c‘ig'ttm BhOCTAY cﬁbﬂ:‘%ﬁhéﬁ@f@r&b@é“:ﬁéﬁaﬁé ly 10 to

met er el ectroni he velocity signals are received by analog to
di gi t adetemhibed byrwhichonatia! wouik peovide dbe goeates t¢hamyebire theveerion 0203

ts.the left and rjaght 1 locity signals to digit i,gnal. bl
by pr Grdlatin200° KA Astay EL s et eedn 6 griar CoBo gl e tABIT, 1 O bus
210. v gedsdy (B dstahhing ﬂ\é@ﬁéﬁ@é‘ir@ﬂehh@ebuﬂ'h@c%ﬁ% Y 865y is201.
Driver signals are transmitted over |10 bus 210 to path 212 which applies

]E 9 sithaapiides by ietchangs iafavagd(Erindsefimssilaten todetetméinea apwdirs!, gnalh s f
v ¢ ) 2 ot
50 SRBRET 1% o8 HRESRML Ehartld XatedR 6 g ded My, oot "

is 20 con carrres signa 0 1 npu put

means demsity sbogw@ht. Wi thie @éw dinstnad regityet erestaonis amot 29 uia0 to eeeistpeddirst from and
convey, data to an operator. Processor 201 reads instructions for performng
the v&lANS(Y cPRstant 6haigpp! indicated arrerr ¢oRJIIRN Ags BaeEuTBd hecausedheo

conputqg ; I : i : ate of a

mt or ey PeABiicH Btdingy B8, Rl ng FRpEREp of 98 CONIRIMARSTS S Crovy
22% viisrqupirbd 2 Fthe fbw fitat derastywehktaad andgbhe storedfist Hensipecbrstantraget he

[ functi t d in.a_Randaom A Ve RAM  230. P
201 péBrsl e eRR ERImarT 16 ap SAEOHGF AT RIE HealS | aDIPIGBat o 1. 30
The RelapkitoBahhspgbyeen Density and Flow Calibration Factor The present

invention relates to a process for validating the flow calibration factor
of Cori ol i ¢ theoaheveexesydan! gmbodirhents; dhedeazitvant thperuftenaldlosyiogti onal 9

ronrt throWg% ?f?el ﬁgvlv ﬂ'be is known because a material, such as air or water, having a
30 density that is well known or that can be found in a table of known densities is used.

However, the known density of the material can also be determined by flowing the
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PCT] US99/ 00722 rel ati onship between the flow calibration factor of

fl owreter assenbly 10 and a density of a fluid neasured by the oscillation
of fl owwiadbeldd3A-B while the material is flow ng through ddiawetgee: L03A- B.
.The proportional relationship is based upon the elenents in the equation
for finding the flow calibration factor and in the 5 equation for

cal cul atLng: It 3 roat ek oM<t v etd olldati on of
a flow%aggélagi(c%%%’gme S?%S%frclglhﬁgrvglﬁ g{r? <fggc('ftmor (" F@élﬁeidsgtggﬁ'g‘e tﬂs% a first
geonet rkrmovwrodensityt ofrthe trateriatfldwingbrodghrihe flompideus (Eo) of the flow tube
and the nonent, of. inertia (lo), of the flow.tybe as shown in Equation 1:
FC= G+ Eor | 51168 UG eriibdiaRby B) capesiepRaTaT AT BT IR PRt G PSS t ube | s
det er myngehdbyr SRR of the MBheliRe as @Cnatdthl fows Frolgh MBanse Bpg~ena~ =
density of the material; C = a first density constant; 15 P = the square
of the quenpardd &6 detaritla prgsitie efror hendition tliseexpandedperiod of @soiliatiatensi ty

tant ,det i ned by the.d I t f the, fl b h ti
of 11 ol BTSN e SIS R s RoohrSienety phiRnale Nl Es g PG rube
103A- Bmefsiremehtsisnak perieddfbsdillatlon. | ThélptesddmsytilRtiorBidheé Asw Ribes, = &

*Eo*lti (3) Wiere: Z = a second geonetric constant determ ned by the

mat er i 4% MasguEdRS theemateiall lgyyoiheeugrethedfow 1Ubg. t Thremeasured penedint)’ s

Fuat 1 Syt Reedrfibhika 8o iRpgctiiiordr ddiffalion, i Beab g e [onal
as 1phowxpebtedparioderofbsciighiofof theGriagtaridl aré Got &qoal a sighal/iticates a3 Under

normal conditigns, ~t can be assuned that as material and cross sectional
pr oper €% candition has essured hecauseathedlovsalibrafiaaAactormay bavechanged t 10
SUBSTI - =T ( AT ! I e assuned
Chat | E8TSATH 48 HOhE, Cotiois MeRirter ¥ REbRl. FHiS HEREr e Bnd K3l

sect i oparops opescillattorofirg bgudl) e mehesukdIAIIOBBvThENGeacolBate amistlet of Eo
and to _changi e flowcalibration factor (FCF) and the first

ing, both th
densi t&%&ﬂ*ﬂgtﬂa fanefgye%mh@%ve thP8 NSRS %bnshi p makes it possible to
detyect of a [ | fi H?ﬁ” i ot her .
Fr g%’l Equat i m@gé'a:ﬁki eo(;[g%ﬁgg\?asdéé;%esst Eﬁﬁe?rg%%g@%ﬁg t emﬁé’;ﬁpé{gﬂﬁ? y const ant
(C, ) the Hravingseand =reading of therd=silededestripdion yheéfeaofhe ori gi nal val ues for

used to cal cul at e o GESCRPTINEH TRE SRAWNGECS ol e U0 vetect & )

possi bEgzchan Edrﬁ”%/%?f hiRerSRInMAbALh e bast &, from the measured density.

More 10 specifica possi bl e error condition that could change the FCF

can beFH8t 2is & bidokadiagtesn pf theometdr elecironias ingtheoCoriplis flowmetabe as materi al

fl oygh_t.he t.ube,. | i bration Process for ermmind FiLrst Densi~
ol aF1E & Ha IO sttt Aenly ARt BiRst %r SOk Hifhimetdrd ' 0o,
Equat i prG(2)s 4 AowdsHRELT AgaRitRnt praless bPthegaradent inusntien;15 density
calibration for Coriolis flow neter assenbly 10 nust be performed to

det er nf e %is@ flawghartcd afysiprebediment ofipaerronsoRdition detRHIONBIOeRSS he

teri f ] t = - rated i
Fia | 30168 gl KRiER: B coeBld' diaBodiiidhhr A BT Roidlion bottBhon' 20 &
prior pmoesstalling Coriolis flow neter assenbly 10 into a pipeline.

Proces Q0. begins in step 301 by. 20 flowing a first reference materi al

Wi 2@0‘. aE Kgrc?v\hﬁi F*ﬂ@rfpi%ﬁgﬁempeé}"ﬁ%@f?G@KgBC?'PP'é%Eeéﬁﬁ’i',"”fﬂf%%%%be 103A-B
i S 0ScCy : i ; i : vk~ f 1 ow

e ough G ESH To SHANET 3 BOCSIE cridf colretfionk KBS B RORAE o} G ig ' b B
i s neasmbedimdm cbaeper3oBcoraitiecdetectief pragese; material with a second known

density is flowed through flow tybe 103A-B. In step 304, dri 104 25
osci 11 G2 miaiow sharioo i embetieeatatmerer SFBREn Pl 11 oue
throughd | gyid Htlﬁaé%?@gg @?gstbf’r? cBﬁféiMH?%f dersindtat Fsdéterhlry thbe 103A-B

is neasured. In st e squares of the first and the second neasured
pe3l oddensityed @irhbtariadn are determined. A change in the squares of periods

of osdi ion.s calculated in st 306, by, subtracti the s re of the
1 r ot TG A€ Brloe et g At mining (RE oBay Y SRR 55 Wa e B or

osci | ltabLighthd SyiERPEnd07 and 308, the known density of the first reference
mat eri al and the known density of the second reference material are

retrieved fromnenory 230. The change in densities is determned in step
309 by 11 .
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'subtrack‘;qlsg)%@? known density of the first reference material fromthe
density o R:%econd reference material. In step 310, C, PCIN 0P HZned by
di viding the change in densities by the change in the squares of the

’ period of .0s | at i on culated in s ccor di t o Equation
(5): @2 #2'(5(%3120%0}’?(‘&22‘me%oﬁ?’ﬁlncgnéwpp%art‘@g éPBatSf ﬁ%@fmy of the
first ; ence nmaterial; DZ = density of the second ref erence materi al; P,
I I'st

= the . neasur ed peri od of oscillation; and 10 Pz = the second measur ed
period of oscillation. | n BEFAIBED DEBERIPTHINdensity constant (C, ), the

second_densi const an C2),, e, density of the first reference materi al
(D, ) M&%@M@éﬁﬁé’- ference material (Dz), the first neasured
pergod of OmH ALsPAeER Q@rn&@qlow}ﬁet%?seaﬂwdﬁ%ﬁ@ﬁ ﬂéwﬁ@tep@lsééfmsgq'd lation

(PzZ) are stored in nmenory 230 for use in future cal cul ations Process
for Vaandiatatalgelehtromlcsﬂrocalﬂ&tbr%IBCUanaBOdfrCorme(atedltq:lrr@tﬂr a3sembly 18y ocess

assentrip 16es B0d ot ign oBAS A RS IOR Path S o Blne olhls® Kothuie & MRS 1
known W%‘nHYOthEF ﬁ#@ﬂﬂnétldﬁ"b\ﬁé#%tﬁ 2834t Ehodld besdiaréAtio fiioReassiid %01

signals driver 104 to oscillate the flow tube 103A-B as the material flows
t hr ougthe2art thattheupreseoBinventiaeapdres ueecdoby @switypPataf droriglist firyvmieter t ube i s

measur ed | ste 403, [ ection process, as
ol Geardef &7 1 RupbBy LA b B pBlSE o BRI EBUSSE nei T on 1

Corl ol i s flpwiEheter agsemblyy1d thclhdesa palriairflangedi 1010and siodetraghield an error

signal is generated in step 405. If no error condition is detected, a

si gnal 1@21an@§@wdgbeﬁa93ﬁcaq§o&?ﬁ)|féomﬂctﬁd todieyy tukes 103 Aand-1Q3Baye <
gener a&ﬁ\{ér é[%@%ﬁ@gﬁ{iﬁ%fg 'Eéhg’érs%sﬁ‘ghg AB5PEISES DakSH BSSAYRF%HGE&QSQB' - - FlG

5 Afir an error ection process | lustrated in FIG

5. Err@efindethecdxey Wodnd: ¥¢ abo0 wihichresshfidve tuime p@BA ol b@sB\@smllatémovm
density of a material and acgllcujated denng of the materi b m t he
pet?od of odkenfiawpater sesenayetdisduRerisdgnies? Pive F%By%@ﬂ’&P S8P¥MNat i ng t he

densi t HEB, ing a C,
and a‘@%{]h F‘?eare t%b?nt?légggWﬁ%ﬁ%ggﬁ%drt%e@;w@ggrggg% egél n FI G
3. | n thtemyhblehgd 1@1 (asses ttreufgh onanitold sl)JEwserer thTEElTISHEEih.d\ tceddeddd WO

99| 39164 S99/ Q t t

230, " 15tet dawaa8es 4 Uohaa D8R, SPweiErouBn R Riar SHAE A o TRar AfFes T
made. Bécktxh&; ﬁ\%lnﬁslda’f@zme@ltfemts%aaﬂaésetrﬁbwh@ thm{_)gh §p4’.a signal

indicates no error condition is detected in step 50 he cal cul at ed

de2ibity i s few tihesl 103A and RASRrAGesrieetpd @%.a@ﬁmpnaialycam@@t%d 30possi bl e
or [ o SHRRBRR 46 of H ReveTybRaBlER AlSantd BERSHGABLAGH JhBidls B 404 of

proces er s step |s execu rvor tection
Pr ocegfertiai 89d aldatie nfdduies émwﬂb@nﬁn@weaw&lvtayxd wmw Geépétftwéﬂd Trbodi nent
of an error detection process is illustrated in . Error detection

pr ocedlowsipesiexiead sumardlremdBaraan @E‘r“r’%ﬁﬁ?ﬁf‘t V\H@éﬁ"?’ﬁésri@”neasured
density of fB% {IBLET 05 4R UDEn by PNEM dd ﬂve%pgaegegjﬁéé%&sgagbmﬁe#nom

density of 't eri al e variation 1s al ermning a
dedb atrespedievisstdiag azés W andd\Vtend iat whanhi$ terikadvne tﬁmmmpf@fenﬁmg mat eri al

roterdgl ob e AOWEIRIY oPTa d0nEeEY SPOREES BBB BGTHD MELITINDI by
cal culpfdng@mdifts A& 49a Madr2® mounted to flow tube 103A and an opposing coil
mounted to flow tube 103B. An alternating current is passed through the opposing
coil to cause both tubes to oscillate. A suitable drive signal is applied by meter
30 electronics 20, via lead 110 to driver 104. The description of FIG. 1 is provided
merely as an example of the operation of a Coriolis flowmeter and is not intended

to limit the teaching of the present invention.
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15 material fromthe period of oscillation using a C, and a C2 that are
det er mi ned by a density calibration process 300 described in FIG 3. The
known density of the material is retrieved fromnmenory 230 in step 602 on
FIG 6. WA9%BY64603, the known density of the material is ®abrussevert2from
the calcul ated density of the material to determ ne a deviation. The
deviation is stored to nenory 230 for future 20 use in step 604. One such
future use i MeternéIeoIrombaQOIragewénatnémgmenddeftI/eI@n:itgsignaIaIappgaﬁmg bnials to
est abl i the u 0 t the ra rance as

T st r JRRls 1 BhG1 175 TespRetihb M fenale BroT RS 20 prBubes fof & ncianal

retri evgﬂ 4P M IREH cbugééeﬁvépﬁaa, @%@I@é&b%ﬁv@f&b@@mdma%pﬂmé'ﬁhé are
conpared in step eterm ne eviation is greater than the
upper | present IIrfvetrmenom/dchmed I;eas&n,gcmtpeodmdrmmumwemhm signsls framsi gnal

i ndi cates a possible ror nd|t| in ste viatign.is |ess
t hanSor TRHIRE FRers MRE e Fatancs 20 1RRerss fafl angrmantesiafik Snalo tar ance
is retr bsmggtef nags Bk &%’@pm.o@ma \@Qaahéﬁ's%téﬁ @ﬂﬁetdiésé'ﬁt\ﬂh?ém% IS
conpared to the lower |imt. |f the deviation is |ess than the lower limt,
a si gnaPatm26 pmﬁa@mwtlahd agrautputcoeans that allawstegtes@ectranichi20devi at i on
is great rrf t han..or 30 e%fqa to the lower Iimt. a signal indicates no error
conditi ?Fes‘fvglﬁa@ﬂ? fer step 609 or step 610, process 600 returns to

step 40fetér PeEG8ATs 200nWehdial - FIGE ror Detection Process Using C, -FIG 7
13 WO 99139164 PCITUS99/ 00722 Athird error detection process is

il met rat ed Fi3.1 iustrates blackdingrara of the snpprents £ nater glactionicspd¥ si bl e

new ¢, e nAeMRimibg SRR i RE et nre B VBt PRRIS 1 B caRs 500
i 11 ust r gh@shit thé &t 3nd htwm@?@élsﬁrmm@em adsemsbigstutEehdtBat S the
density of the first_and second reference materjal used in calibration

pr ocesselgotoniny 2he pogivRioety siaRals are gesebredt By anaieg nhdgigial odD)
referen I t. tem

i noe. t FEVEEEF 843 g rfiQeP BlechBARaR, A ConvertitatipthveReinE e Bhd iR .
change velocitygignaistte digital Bigaawlwa@imgy ﬁroce@sbhbﬂghndhtfansmueltm gijitatw C, is

t 00 till 10 I I
ot oot | SANPRELRaEL G0 budrRdheietalsiodas ais sarmesy VB R eci so.
cal cul a ;gacégsofrbmnew\/@rﬁigﬁals%é%heﬁmed Bvél e busZﬁbQE?%ﬁwi@@vJPﬁ&I ns with

step 701 by calculating t square of the period oscillation neasured in
st ep 403ppliesRh&signalTie digitat to afalpe (D) ednvssior 1202t IBhefacmalazmelg@fals he

referenge erials.in | i bration ce ret m nmenory
230" 1 CoBPHoseR YRSt 22 AR RTedd 35 SRlan 104 ViRdHhr HYENERRAER ATt ha
has2@ psdriredtedf t@$0 buat2 vm dndagarfias didiealgrieanpat adevm@ﬁplu@ﬂnéé@én(hbﬁ
nmeasured period of oscillation. A change in the squares of the periods of

osci | | athawn)ivhieaadovaneterislegianics72l tojecaive dala fram amdé capvey dati ta he

peri od ogér%ltc%rj ation of the reference material fromthe square of measured
period 0O SciTlTation. The known 20 density of the neasured material is
retrieved frRicaesera0123adsinsttiepiondforgratfdriin thewariterssiunytiohs bhihe
reference material fromecalibration process 300 retrieved from nmenory

230 i n fQwipetenancludingafgl ek ligdrdi to; %mpetle&mﬁsaﬁew rates?fed matEns,

su a i e g?{gg, | nsity of

th? gnea%dﬁ%(}%&iwé ﬂtO%Agtee\E/)vp aﬁéﬁa@a I: 'ilhﬁdg%}%%&%?né‘t@ | VI Ing the

change a Redd O:I'fbylMemm (RIDMDIEZﬁ hmmmzm h%sdptarassnleﬂ as Irfstrmmtlooslﬁorof

oscillatipn s retrieved from 0 p 7 d

Conar et eoveTisds LPRliShepergered Hob deapdem AsgehlerBn(RAMD

conpar I Hbrot 0

i ndi cate‘(eés? tﬁﬁrg{c@ﬁ%&éﬁﬁe%r ?ﬁé Odnéri‘?% g?e Ié‘éﬁnonls]? nﬂ@ﬂﬁf}n& @lz,?bn%'tg equal

to the pathn28i, a signal in step 711 indicates that a possi ble error

congj tign . d AL ek, step 710 0 & executed process 700
rlﬂjr & Swepg Lensity and e r' an ¥+ Correction Process

based on C eﬁir@seﬁt m@énMﬁJétEHT@a%‘r‘EEé_sé F@Hvﬁhé’ﬁtlng thAQIRP kdfdedion

PCT/ US991 00722 1f uniformcorrosion i's occurri ndeml n Coriolis flowreter

assenblfgctepof Cpeolis flewmeter apeembly 16 thatatalaspdusintageioy a propoméonaiment of

inertia is changing uniformy, the proportional change of the first

constant of density is approximtely equal to the proportion of change to

the flow calibration factor. The errgr correction
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5 process of FIG B takes advantage of this relationship to find a new fl ow

-calibration factor for the system Process 800 begins in step 801 with'a
di agnosy,) to detect uniformcorrosion of the flow't brace

bars. | iq)gkg@éumsd that an operator famliar with the ph??ﬁ@gﬁt”éﬁgz

* chem cal properties of the material flow ng through flow tube 103A-B can

det ect _thi. i f ion. . [ ' ' det ect ed,

or oces<E BN REHREEE e ol Yalblantel RiF SRS, A el Aa et o, 1+
uni f or Pepsity OFd MildinsesiRireg bpthe sé@attiiofdion Wee 1IBABWhIE the rterifid C to
detect the proportion of the change. In step 804, the proportion of the
change isfievingéhfdugh Sawitubert D3A-B.adhemrepetienpt iglaiiership i bagechupee new

fl ' ' f. t Sal i [ - ' t d
For ufth & ae®, 4 thE aausaf oBP (s b pblir ol BROEERE o Ras” The' T

det gr meg@gdtionT e cariuBatmgeithe denéity bita araenal fadmaebe pesiodroficscliatied ofipon t he
f ol | owi % observati ons_of the change . in crngai__,,secti onal g,lroperti es of the
e

f1 ow t gfewitoba1834aBi nfhefiew sRHR/@EPN &RGER( hisigAYa tR ipstigeematner 1 ow

secti ofarsEpHEHleTer by b vt fREs & oMb ne RS ol ©r 08
Howevepf ineti£@)) diehasiswnabe Esathown in Eqeatimmment of inertia changes for

purposes of corrosion detection. FromEquation (3), it is knOV\{.‘ that C, _
(G * Eo * to ). It i5ChGsGi'Bedato deternine the ampunt of the '‘foment of

i NgRt i |, i f : j L ; lve for a
nedPl o egienSfy ¥ A9k ol Fhroubr 8 1 bk s de R Ay R RS % e
known original val uespgf,.Fe (8ndP25+tG . Then the new to can be23ol ved for
using the new C' the and the known values of G and Eo. This is shown in
Equation (6): NeW'Td& New CI (& * Eo ) (6) It is known, that to is a
function of the cross SeCti:Wlsitﬁb?ﬂwé)ha&éﬁ’aI“OW tube as shown in Equation
(7). 30ton* ( 04 rpﬂa)'e"’? ere’ ro = the outer radius of flow tube
103A-B; and 15 em ennCiJm firstedensitycpnstantll C ORL WD 99139164 r, = the
ingpde radius of flow_,tu 103A-B. .PCT/ US99/ 00722 ce e pew.to is known
i tﬁrl-’s possible to fi naE Fﬁﬁeﬁ&}daf? oéy}h?‘rxﬁ’ﬁf'ﬁal‘%?ﬁ’%cd’lg@unanB}? ﬁ%’ tﬂgsause ro
does not chgnge. The old r, is subtracted fromthe newr, to determ ne the
amount of corrosion in step 806. This can be used to predict the 5 anount
of time that the flowQafesarend penpivoprreanhdstermyned by die dppsity Ak
accuracy regui t C . e dend A st 1 a
signal i ndi@%ttﬁoﬁg ‘@ﬁ% tggggéeés%sgié‘?oggér%%e eggwuégum%mgrgﬁdﬁgg&%%n
Process Usi sertional fibapatiethrBegh ofbwhuliess d0BAeBi on - FIG 9 10 A fourth error
detection process is illustrated in FLG 9. Fourth error correction process
9080 si Fi5$ %%&P%@“ﬁ@dﬁe‘iﬁ'@ﬂ@ﬁ‘ Y 68UBHORSci | 1 ation as a material flows
through flow tube 103A-Bawighvan expected period of oscillati Qﬁ) for flow
tube 103A-B as the matéridl Ps° flowi ng. This process reduces the number of
cal cul ati ons neeerén the process if the expected period of oscillation is

known. 15 Process 900_begins in step 901 by retrieving an expected period
of oscillation from aGmﬁ%o?%poﬁ‘gcﬂeqﬁ%t”@fﬁé%iaéﬁ d&é‘?ﬁ”aﬂgS%YdS%Ffﬁ(iﬁE'?lon can be
precal cul at ed fogn@cAREYecBbnAPrbPEtRs TN fesi ty, may be determ ned at
the tinme of the conparison by cal cul ati ons based on a known density of the

me2%rial, or may be kRpwmYdungia Moduiassofifdasiieibi@mds of the same material .

In step 902, the expecte eri.o f 20, i tion is conpared to the
measur ed period of os'eiT %%&I'ﬁe?'ﬁé)f%ﬁg@% b eriod of oscillationis

equal £@n Bguaiaetbad BRiatied 30ft iwsshareat ihat C, andi DR bré Prapckiordsi ndi cat es
that no error condition is detected. If the neasured period of oscillation

i s notshayrain Eguatian ¢xpect ed period of oscillation, a signal in step 904
i ndi cates t’_léB‘g pesst bl g~erkar condition is detected. After ep 903 or
step 904, p/rcgcegs%ole??ét%fr !?s ?’gf&szt ep 404 of process 400 oﬁ&)Fl G 4.
30
Under normal conditions, it can be assumed that as material and cross

sectional properties of flow tube 103A-B change, G, and G, remain constant. It

10
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System and Process for Determ ning the Known DensifY of a Material -FIGS.
10*and 11. FIG 10 illustrates a diagramof a pipeline 1000 having both a
densineter 1001 and Coriolis flowreter assenbly 10 installed in the

pi pel i nvalP0216430 Densi neter 1001 is a densineter conmon iRCOS9POT2Ar art
such as a densirneter produced by Solartron, Inc.) and Coriolis flowreter
assenbly 10 is a Coriolis flowreter conmon in the prior art such as an
Elite Gaid alkd befdsawmicthap EQdndeddbynct bebdBtdodant S n{dtblidf at@)or WO
991 39164 PCT/ US991 00722 M cro Mtion) Inc. In the preferred enbodi msnt
densi rreQFQSS segionad prierarties of te foy wﬁe J0BALIAAR ehange s raultef E

|IIustrat i 000 may
1l so_ bt b ghahdiag paf S ARG Bl b R BPU CEPRRS e 9%%*%%&”1

el ectr O(r(lJ q&hixﬁbe rEﬁn@lrémoasgnpah&ésrmrmdgbm toedetectlOftd possibleneidigelinl0 5 and
1011. illustrated in FIG 2, neter electronics 20 has circuitry for

convﬁert’f(ﬁ@ ogCedfomrthe cﬁagaau@fhereﬂﬂeaenﬁ%t%quaEWZ ribean PecEaarhatiansi net er
1001 VI 0 I I | s.

Verer  <nebBe R B8R echetatRCTR O BEUEE AA AT iR 2 BeflbhRd QR

instr uqf thmeng;«har edlues thMé?ﬂﬁst demsitpranmstantf (@, )danethe secont derditpsi ty
fromthe systemin FIG ;10 is 10 il trate@1 in Fl 11. Process 1100

begi ns Q‘Wsét%ﬁ)cél)l@@ Hsed teRiculale 5ital Nareiore dbisshonsiie tagsteatn net er

el ectr %ﬁﬁ%ﬁgfnghgeqﬁﬁé ?Ibf\gq;glrﬁtté?:oﬁef'é@fdr@}orh ?héi% s'?]ré‘t?ﬁeﬁ&@mz feSignal s

in step alcul'ated density s then stored 1 n nenor In step
110 TEpecifiealty, Bypmssmlhenrauseddltlonamnyt afuld kbarge the HEfecan ba detextess as t he

known density erial,fl thro h fl 103A- B. 15 FI ow
Char 11 TETona pSiind o o8t et oiahe Tk Gioecss Aterebipus tcatiah e whe: 6 72
The Ca'c%ﬂbaunrtsro%fasémmeﬁﬁmwh'rawnéwmaﬁstém@ A4 SeRHRE DARAC t hrough
control=cn ing are taught 1h FIG IZ. Tt 1S understoo gh t he
controICamaarmO}g—_E!g]_}l G 12 is appl ied to the devi atl ons corrput ed inn

f _control

number oft i.n FiLG 6thtt nmet

charting co ‘E‘:ér Q%HF?E@CE%"@R @é)f‘?ﬂ ﬂg}ecé'ﬂﬁcf) itz erB?r ?%d' PR%etht

| Nvignt idansip cmbﬁanaﬁ BF Tearfsis GRAV néétBE =@keibdy HOPAASSBe I¥HbrARE ft$ in step
1201 which sets a counter. n to the nunber of deviations resulting from

pr oces Slegmine gt Cagadsa oLadoiuseniBnwialculalipns ef Hie denpitvyoédbeysatenial i n st ep

the deqPd iR R sE6¥ LBEAE ) EFbRES SB00IBREte TP BIG Bacbel 26 T rom
the nt ljedlsity ealiratibo tHat & perfiernied tngetdretineeC, tarel dsvpridr tonmstdithd he

absol ute val ue of the ran e is determned _in ste 1204 The absol ut'e val ue
of t he GoiRENOW MetsF agsenDY, nmslpa'ﬁesPégceE@o% begigs ipstepradi Y by one.

N ) “ﬂ%ﬂ@%?%ﬁi%&r@ﬁ@é’ H&Q? alt\ﬁ?utﬁ’%tlﬁ{dﬂrr‘i‘%ehémnthroﬂ:?h'ﬂfovJ‘tdb% ?@A gpual to

1, steps are repeated using the new n nis equal to 1, the
aver agdan ctemBD2t Hievalisme UKGSA3B iwabsmlatefl bharivandgdst as thel Grst tnedvri n st ep

1208. Teup er limt is cal at a redln ste 09.. The upper

it feeaRBhate Bonriareud ik d0sR At 4R ML BEeRcE e of ¢ he
range 'ﬂMw%u@@mBﬂOB%?néa%QPe@nﬂﬁStéb sbgp algé&nEYreQreﬁEBrméteﬁbf witRg ~r mnr
~c~ WD 99/39164 PCT/ US99/ 00722 cal culating and storing the |ower limt of

the t obesenudeovandensityhds flowed through flow tubedOBAt%dlrbgtemaml priyemiP4 he

f th bt t f
or5  Balathe i 3B% G R vt e SPEAS (RiBTarbt: Balec iy s ThBLEE G O™
pot ent e mzmos%ddrthta fp@rrohqam/ogahatmrﬁmbwiwé T—U3AlfB i8 rE@aslﬁbus I é@wmst er. In
nost tests of a Coriolis floweter, no error will be detected. However, the

test d308 thersgugresaf thenbrsirasd the secpad eneagired mnom‘éa@mmﬂahrpnaare

cccu 2Tl FUAMED PRHETE dul B S BIBbLYY el Ble T G0 "
damage3o®by ﬁﬁntfd&m&h@squm dfehe et peried efbsdlilatm froraf theligeardgfki on have

been di scl osed. above,
second period of oscsllatlon In steps 307 and 308, the known density of the first

|t

reference material and the known density of the second reference material are

retrieved from memory 230. The change in densities is determined in step 309 by

11
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IS expected that those skilled in the art can and wll design alternative
enbodi nents of this invention that fall within the scopes of the follow ng

cl ai ms ewdwarisidst eral |y or through the Doctrine of Equival ep¢susdedoorzz
SUBSTI TUTE SHEET ( RULE 26) 7003/ 028PC What is clained is 1. A system
(400) for detecting a dEVi ation between a flow calibration factor of a

Cori ol | subtraviey Bie Kriowrt H@fﬁsiirySofrmé firslreféréc@niaeriad e ths gehb bpfhd ©

determine a mass flow rate of material flow ng through said Coriolis
f I owret secand refierenceusiatdraiwin sterbs 40 Gnist detesmingd byidividiag: tbeicharigemnet er

wh in.sajd b iglis,fl f . - B), f
osci 11 att s el b dne pod vapoeredre ep 1ol oo B Moot o) s r ough
sai d fl @aiduiied s $108écdtling e Bgamsorf @); measuring (105-1057 said period

of oscillation of said flow tuzbe means, said systemincluding: ggans
respdnsive tv a mbasut(Badd/(Bs <Ri‘d *pei)-dd of oscillation for 16°MHetecting
a devi ation g(?tvxr/een a neasured density of a material (404) and a known
density of s faterial ; and nmeans responsive to a detection of said

devi ation sai d megsu gshslignsithe firetdefdefick roateriggnsi ty of said materi al
.for signaling (405) sai d deviation exists between said flow calibration

factor of said fl Buredensitypitthe segond referereemataeak 15 nass flow rate of

said nmaterial flow t ' i said actual flow
calibration fact owgths?gﬁrg*l%?%@f%E%ﬁ%@kg?@?ma@i he system (400) of
claimp 1 wherein s@, e thetsecoal reasureg penoadugfosdliatidn. ow t ube nmeans

(103A-i 3) has a known density and said ans for %ecti ng (404) said error

in sai dihelegd’ed thamiist gensitl errYanGansthecgrond density eRARdeERt (bg).dhesai d
Pateri afcral bl I ART Rl TRC R B, B S ey Herrehe
mat er i amateriad ¢Dg, thedinst noeasirey pefiod af dsorater @, ),(@@Xhe seodndewesuresponsi ve
t id I t d | t bei I i d k d ity f

det or m PGS SHP SR b bEREEI Dareb eIk d gty SGIHRA R own
dengit Y peydest $od VafdatinkthAEOWED: ibifefidn FabRF3FNE8KC 3. The system (400) of
claim1l erei n sal eril a OW Ng rough saird fl ow tube neans
(103A-103B) RHs4ashowsva peonsssy406 dos aatidatiagn dhe dtowaxadibration {awd) ofai d

SR e e R Rt BRI
peri od pfat@rs bt & RhowA dehsBpitirdugbiow e e( FIBA-B. In step 402, Processor 201
' éignals driver 104 to oscillate the flow tube 103A-B as the material flows through
20 flow tube 103A-B. The period of oscillation of the flow tube is measured in step
403. In step 404, an error condition detection process, as described below, is
executed to detect a possible error condition in Coriolis flowmeter assembly 10. If
an error condition is detected, an error signal is generated in step 405. If no error
condition is detected, a sighal indicating that no possible error condition is detected
25 is generated in step 406.
Error Detection Process Using Measured Density - FIG. §

Afirst embodiment of an error detection process is illustrated in FIG. 5. Error

detection process 500 is a simple comparison between a known density of a
material and a calculated density of the material from the period of oscillation.

30 Process 500 begins in step 501 by calculating the density of the material from the
measured period of osciflation using a C, and a C, that are determined by
calibration process 300 described in FIG. 3. In step 502 of FIG. 5, the known

12
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means for calculating a deviation of said calculated density fromsaid
known density (602); _ _ nmeans for conparing said deviation to an

* acceptabl e tol erance range 10 (605-608); and neans for determning said
devi ati onwiohe8eded Neasured density exists responsive tv sai GEoviaihaR

bei ng outside of said acceptable tol erance range (609). 4. The system (400)
of claim3 wherein said detecting of errors in said nass ftow rate

cal i brati 4001 Y reipb i CREAPIHebhIERE & step 563 f QTBRh A

periodi c qéﬁtsg?%ﬁge rg-ln%qsaa%r system further i'ncl udes:tle(réeans' ?gr st oisiogg
(230) said thievalatiated satl knbaneterfsitiescisonatendf thescaleuated density saequal
deviation of said flow calibratign factor_ perforumed;. ns, responsj to
storing é‘&ﬁ?ﬁ W%@?%tyofaé‘gﬁ'ﬁ}'f‘gﬁé{% Bé’teé'g‘?ﬁwdgtfeorg'ﬁir%?%‘ét\?pdi‘isgerp J‘Fd”e _
pert or e faf SIS dirikhydd HBPERUAIl theokndth Uerdit! ANignapiifAey asal d
devi ation of each said validation of said nmass flow Calibration perEornme~i
(1209%, modsible erramconditipoissiatectied iststep HH6s P rocaey Salireturos tomtdp 404e of

det ecti ' f d f t I pj I limt of i d
ol er ancot Pirges AgD el ehEt e 04 B SIERLROS% BxeflBliac i on of said rmmss
{1 ow cal O ABcRA PRIERY Lshid B)De iati g rohy BUHBAPBNSAL -Fi@ign 1 wher ei n

sai d neans [ecting (. sai error I'n sal measur e ensity
i ncl udes: zo AVENBED SRBEETimentodar erPclatectinn pracens iss iliustrgted DO7G. Bhe

d it ' terial flow t) ' t 5 f

det or m nE” CEleOprapiotest DL kR S o krepRbie. VAdanch BRegen e i o
of 030i | hiddsapediessiybfithe wmdteha ioRag shiotg hdiwpabeMD 3R Blasd tisd kdvas
density of said material and said neasured density of said material (503);

and neangensity aicthermatariay Jhpovasiation isnakewed ferky rdeterpining y eésvistien 10

responsi sai i ' ri t | al to
sai 8 rrea‘égﬂ%nd%ﬁg%cp @t%#hgég@ %ﬁ@%r%rﬁavpé gg%&y gﬂ@h@g@&q m%fé%y&@#’g claim
f1I wher ei ﬂw:adédia;}t&in tdg’"']?:”@? dﬂageémable‘@e(vgigﬁd;\nutmm ' m;@tew_ ;t(d: as@fraagéraf _e(r]I ' ~al
owi ng t hrough sai ow t ube neans - squared i nown_ and sai

means ?OFO'%I@P Bti rPg’OF@fmﬁoéat?QQ"é? iHSIERH Gg)di Ee’ r?@g"é{?ﬁtﬁw dees Aepsitnef thees: 5
nmeangsgf o 3 | ; i r]pqwgéir t ' t I d
neasﬁ?edhﬁagﬁlaggﬁog@ %%%é@aﬁ%%‘%aé'?”sau r?a?b?ﬁglré;sbtﬁégns ?o‘?gt rrﬁx{)rfaég g (709)
sai d fi r stdedsity calbratiorns peodessdSad esdib@dninf fFiGs t3. ddivei knowo menaity of tved neans

[ t 1 d. . t d [ t t [ | 1 id
nonn T TBteTR T IO ah P ey e T tmB 2 HTF v at FofteRet Gelhesal d
measur edkQlRRs ideyisAP &f I8E Inkizeian il 8DBIrhvte@X frok® tHe! bAkulated density of the

material to determine a deviation. The deviation is stored to memory 230 for future

20 use in step 604. One such future use is control charting the deviations from a
plurality of trials to establish the upper and lower limits of the range of tolerance as
illustrated in FIG. 12. The upper limit of the range of tolerance is retrieved from
memory in step 605. The deviation and the upper limit are compared in step 606
to determine if the deviation is greater than the upper limit. If the deviation is

25 greater than the upper limit, a signal indicates a possible error condition in step 609.
If the deviation is less than or equal to the upper limit, a lower limit of the range of
tolerance is retrieved from memory 230 in step 607. In step 608 the deviation is
compared to the lower limit. If the deviation is less than the lower limit, a signal
indicates a possible error condition in step 609. If the deviation is greater than or

30 equaltothe iower limit. a signal indicates no error condition in step 610. Afterstep
809 or step 610, process 600 returns to step 404 of process 400 on FIG. 4.

Error Detection Process Using C, -FIG. 7
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7. The system (4D0) of claim6 wherein said neans for determ ning (701-707)
said new first density constant is characterized by: nmeans for cal cul ating

a squar exgfg38k4 treasured period of oscillation of said fi,?qug ddafo3e (701
); 6 means for subtracting a known square of period of oscillation of said

flow tube for a reference material having a known density from said square

of said neas | r 703) ;
21 AVENDED. SHHRfdREES NGB8 PSioce8S i Mustafied @Ji‘?ﬂg’ et n%r\r/\ﬁégéé%’srfty of

sai d r epeocEss @ O0utedects pdssinie errsacdndimommbmlda@lrmymog agwwd Grdorghiedlow | owi ng
th h d f tube t d d nd f

i vi di ng a8t e EIBRET R SEI Cognddla o Perdiragtned By e cbfaphia BRie e ccond
sl ope tp &fés%@m uSk t@dnﬁw:@z Fordaitpbses 59;%&@@& 60007 )is eséiumsadﬂ? t System -

(400) o alm 7 urt i ncludi ng:” means measuring ( e density

of séi dthmdemsntal offtheviiratjandhsecayid sdecbrfdedwetambéusad i hehmﬁoemroémb'er) of
stem (40Q

laim?7 th i t. f id k Th
of ol =i ADB end imeArpfof SeiyBrsl e FBL BB EpouT 718 Hhoedeatedoaid 851 g
devi ati gfg hq;é Aty |§ﬁbﬂrdﬁﬁ%%!%gﬂ@§*§t¥nﬁ§ﬂcé medpémvaf Qﬁﬁﬁétfo\ﬁ tbPehe
detecting uhiformcorrosion in Said flow tube 11. The system (4p0)
of cl ai fustrdusetend |matamaimg1usrtmhang\eeyp@nmp¢esat¢ fordthee chaogingf Csai d

uni fiorrn, corrosi t IV nsity
const anPtBG LAY At Cubii 5ok battin hErBRuT Bl froRB4s Sl o)
S WanSrélegmaseM@ra@te@ﬁbﬁpmﬁum beradse aepadge #50| is detected|dviepliftheg a Fl ow
Calibration Factor of said flow tube by said result to determ ne a new Fl ow

Cal i br apresiseregi¢ation obtheBew G isdnaealsate nati on of nass flow rates in said

Corioli's t9opmper ( Bégss'ﬂ(?qbé@ﬁaWﬁ)t gb@é?@/ cgfc Qti‘?} The Lé’]fetci}e{gp

i ncl udi ng: neans’responsive 'on o un| corr SR

det er m péesign bhes@mum mzfasu:red i ma;mm@sf ﬂG(&soa)’he zaqmae&&ﬂ
wo3~0zsPc 13. The system ( G‘gw claim \éz?ere n said neans for detecting
(404) sg§@llqj@§§pbp@e@,fmﬁr ﬁgp@,mtepﬁ[gm% ation process 300 is retrieved

15 from memory 230 in step 702. The reference material used is the reference
material that has a period of oscillation that has the greatest deviation from the
measured period of ascillation. A change in the squares of the periods of oscillation
is calculated in step 703 by subtracting the square of the period of oscillation of the

" reference material from the square of measured period of oscillation. The known

20 density of the measured material is retrieved from memory 230 in step 704 and the
known density of the reference material from calibration process 300 is retrieved
from memory 230 in step 705. A change in densities is calculated in step 706 by
subtracting the density of the reference material from the known density of the
measured material. A new C, is calculated in step 707 by dividing the change in

25 densities by the change in the squares of the periods of oscillation. Theold C,is
retrieved from memory 230 in step 708 and compared to the new C, . In step 708,
the new C, and the old C, are compared. If the old C, is equal to the new C,, a
signal in step 710 indicates that no error condition is detected. If the old C, is not
equal to the new C,, a signal in step 711 indicates that a possible error condition

30 is detected. After step 710 or 711 are executed, process 700 returns to step 404
of process 400 on FIG. 4.

An Error Correction Process based on C, - FIG. 8.
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means for conparing said neasured period ~f oscillation of said material 5

., to an expected period of oscillation for said matErial (902); neans for

determning said error in said nmeasured density exists responsive to said
nmeasur edv@e9BYd4 of oscillation for said material not bei ngP@U&Y/M0G25ai d
expected period of oscillation of said material (904}. 14. The system (400)
of claim73 further including: neans for determ ning said expected period

of oscill ati gfnuhifsrms @ottosnesi edcukmimgnin [Coridéis Siometer s assemiyen Dathe 15. The
system (400) of daim 14 further anluding: means fnr determning the

densi t ymgmerli of inaréaiisichapgingngnifaimivighT she dnorogit efiinertia g changing A

met hod o} ' | a4 ' Iy at i of a
Cori of i MottnlciheBipBpHidAg naie B trersfbochsta RUTHRNERY B aiobdiotly 2 ™an
act ual &hoattoahé prapartion bbchangedd tisafiowGatibrattios fadtonnEteerronbentedtiorsai d
Coriolis flowreter has a flow tube nmean 103A—B}% a nmeans for oscillating

fl . . .

sai dof | BIpossE 9hE I Fehinkes fé&?nfageéfﬁ%'ﬁéﬁﬁséﬂéﬂﬂ'%% ipe Bnpyn flewi qalibraion ube

N e ins 1o . ! . f
Carat i ckindbr O SYERARS, Rices eyt h e 807 R & YadiqudBiest &' ON ©
mat er i atletelot opifdrm cormsionudféhe fllosaiutheGdthe brace hansndt israssadiad thata@nl | at i ng

id fl t ub .sal terial fl th h id fl t ub 402) ;

vensur| ReeRp b eI Fhibalarit st ek 8 Bl P 1 oue
t hr oughtrtgisgh fib@WUbBPRIIMBDan ai@teepmwanmﬁee&%ﬁen.dqnﬁhﬁdm%oﬁogﬁher i al

and a known”density of said material responsive to neasuring said period of
oscl0| aisi not detectedinprazessNENDEDASHEEStep §Qf) yhicisp@nels dheyeatdrng set d

£+ ow captErciepEn 1f SR doesi@h (sdlelbhEn. £8P 505 chlifs e G B Bl a6 on
bet weenC3gietere #sel F%bo’a\ﬂéh sAfhe dHamye. fesebtand, e prbportite! bile (ch@Pheof dai m

16 wherein said material flow ng through said flow tube nmeans (103 A-B) has
a knownamkthe flpwaaalibration Jactpr pee radtipliad oy fipd ) theanew dlow galiriation density

i ncl ude, e st : LK t ' f said materi al
res ponsﬁ%g}t 33 g zéf)% agér ””%ME%WSQE%%‘%& %ns‘?'?rfg??;ﬂ%%ﬁpggﬁ ng said

cal &l at ed denstepys®8, thaisiincwmitesfictrrdsiorsef thekifowtulske Bsiéterminetiai Theat er i al
(503); and determ ning said deviation between said neasured density 2nd

sai d_kriégiRraadicnyofdhe smounberartesien ishasedairoal tbafeltaing eRSPRVAtRBE bei ng
\‘iﬂgf; L& S@IQ 8ﬁ%§g'§rﬁ§ﬂ§f§g&mﬁggm droBérties’d thd N6w TS 983A4OBUriRG Rl 11
corrosion. When uniform corrosion of flow tube 103A-B occurs, it is known that the .
moment of inertia (I,) and cross sectional area of the flow tube change as the flow
20 tube corrodes. However, it can be assumed that only the moment of inertia
changes for purposes of corrosion detection. From Equation (3), it is known that
C,=(G,"E,"|,). ltis possible to determine the amount of the moment of inertia
for solving for a new |, in Equation (3). in order to soive for a new |,, G, must be
solved for in Equation (3) using the old C, and the known original values of E_ and
25 |,. Then the new I, can be solved for using the new C,, the and the known values
of G, and E,. This is shown in Equation (6):
, New |,= New C,/ (G, " E,) (6)
Itis known, that I, is a function of the cross sectional area of the flow tube as shown
in Equation (7).
30 =1 (r,*-1% (7)
Where:
, = the outer radius of flow tube 103A-B; and
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t hrough said fl ow tube neans (103A-B) has a known density and said step for
“detecting |,404) said deviation of said flow calibration factor includes
the ste " nputing 2 calcul ated density of said nater ai d
: /
_ period g’?og; %)%‘%?I | ation of said flow tube (601): cal cul at%@%g%gew%t i on of
said cal cul ated density fromsaid known density (f03; and conparing said

deviation to an acceptable to eranc Of i, -,.608) . d 10 ,
det ernni ni ng sai d possible er% 5%&13%5% %fggf%éubre gégﬁ?gve to said
devi at iQAcd R eWY! BiKABWATIt EBdEsRAE RPfiRd e hewa! ﬁ%rf@maﬁn§ @Cth?atloﬂﬁ The

met hod (400) of claim 18 wherein said nethod 4b for . ng said
devi at i(8h befcasse d, roes noboshange dheidda insubiieced fomdhe @wi pltos 24

it or v AT IRe 2 i colzoBieT birdtne Bosher et BB el Bt e o1 ng

sai & deyh@lnt@T tisdd Hiak Beefbw RibeeRilibe dpr@v.d@ rﬁawﬂ@wqme@fwﬁﬁuﬂ% ge&wracpf said
mass flow rate calibration pertorne 604); determ ning an upper limt of

sai d t ceeuisertly fenprecess.s Alracess,8aQ eads wrsteaSR7 ydihe sianalndictingithe ai d mass
flow c t: rmed responsive to storing said.deviation of each
tinme (%ﬁé@%ﬁ% 'é%@"ﬁét&gterm ning a lower limt of said tolerance range far
sai d devFeirtle Erafr tettichalPboest iLkitd O basaiedi Peded bf Qacillatibh!-#iGon
performed responsive to storing said deviation of ead~ tinme (1Z10). 20. The
met hod@f Gaim 16 wher ei n said step for detecting (403) said deviation of
saiyg measur ed. &lﬁ{}%'etrbbr ﬂﬁ?#r&'z?es%t @psx QétratBBﬁﬁUFlGWQQt h‘#oﬁ?ﬂﬁséF%Y of said
materl al flow ng throu sal I ow tube 110 ); determi ning a cal cul at ed
densi t gomrectan nronﬁssrgm] snfnpdmcsmpdrcgnatheomeafsuce;tpem@d pbwsoillatan @sfd ow t ube

denst  PRPRSLIews i eiarifor o8 TOIAE Wb rrraaried BRHORE oo o -
measur AdwdRit 10348 & el RERARP IV Rodikg 1 1I8bRCERS Fed ey iahbyy of Sai d

mat eri al not belng equal to sal neas d density of said material (504).
21. Thealwta’mds(nMedfm d:rhmpmc:bssmhmeeexpmtéd psuodieﬁgscrylatonﬁ knowhor

| ' t f f] tub
caibr cBrodtebati ety ke BT bVirsayinh Prhf A iNad Bostusten 1O o
condi t b%eﬁW@B@eS Tﬁé expé&@ed friodofCasdilatiin 4h Bensidchidifatederdpial ¥

constant from said neasured period of oscillation for said nmateri al
( 701- 70m@terial having a known density, may be determined at the time of the comparison

by calculations based on a known density of the material, or may be known from
previous measurements of the same material. In step 902, the expected period of
20 . oscillation is compared to the measured period of oscillation. If the measured
period of oscillation is equal to the expected period of oscillation, a signal in step
903 indicates that no error condition is detected. |f the measured period of
oscillation is not equal to the expected period of oscillation, a signal in step 904
indicates that a possible error condition is detected. After step 903 or step 804,
25 process 900 returns to step 404 of process 400 on FIG. 4.
System and Process for Determining the Known Density of a Material -FIGS. 10
and 11.

FIG. 10 illustrates a diagram of a pipeline 1000 having both a densimeter

1001 and Coriolis flowmeter assembly 10 installed in the pipeline 1002.
30 Densimeter 1001 is a densimeter common in the prior art such as a densimeter
produced by Solartron, Inc., and Coriolis flowmeter assembly 10 is a Coriolis

flowmeter common in the prior art such as an Elite Coriolis Flowmeter produced by
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25 AMENDED SHEET  700s~0z$Pc conparing said new first density constant tv
sai'd known first density constant (7g9); and deternining said error in said
nmeasured density exists responsive to said 'I10 new first density constant
.not bei NYO0HJBHI64t 0 sai d known first density constant (711)pPCRRSIY00TEA

met hod (400) of claim21 wherein said step for determ ning said new first
density constant (701-707) includes the steps of. calculating a square of
sai d nmepfcroeMotiot,ilnd. Of tespreldradd emboldirmant] deneimétebd 00704 upsthesmodf act i ng
a known _square of period of osci IIatlon of said flow tube far a reference

mat er i aFoRals fRyvmeteiAsseatiy 1@ psillusiraded i Eluctle towsked ‘M%ﬁﬁﬂﬁ@tﬂ‘e&er i od of
osci | I apy Oa?ﬂeﬁ&g@ére‘i OdRad didd 54 slfﬁ?ﬁéém@%sﬁ%mﬂ Bteébﬂghssffd

density ference'materi a rom sai nown densit rrat eri al

fl ow ngwﬂhr BHleter edectobriito?0, reteive osidabsriromealeasbietse d 6ad owespdths(‘llOGB) and d
ivid ne sai d second

| id fi d
Ll opb Lahaale] ARl . 2o eteh SR ORRRED L7 QS 103 Sondeiingut nod
(400) Oéleﬁiréhlﬁ‘s?g?naﬂé'Frbh%er\é"rﬁb&éﬁﬁg)@1tr4é%e%@9?or\‘?5en§ﬁ§téf hngkghﬁ%ﬂﬁew ty of

said materiral flow ng throu sai | ow tube (~ 1 T od of
cl ai m 2201theneitf1d hletodnammg-reﬁdame or digital sghalss Matﬂmelecﬁmmc‘ﬁl?so genhod of

Gaim 21, f he dj th t detecti | f [ [ id
1 ow ¢ bEhrslanbRibe dsndy ACctEBR s st lorRbB A€ot ect ed (501
26 AMENDED SHE@-Brocgé’aoﬁoé’&E’%lﬁﬁg e d%fsh?drdrﬁ(iﬁé HfstehainFRD forisher

I ncl udi ng the steE)s of : dividin aid newtirst density constant by said
knoh® flilus;tratq@mF §. tbnBregasst’d 09dvegins irestepr B by recgivingi the signals

2 Fl ow T s BRSSO R BREERIenb aBe T denih r iR raRiBldf nfnt &
new Fl oyetérhingd #lonethd-sighals in stepe 1R AThe caictRited density Btheh stwmed ih | ow
rates in. said Cor9olis flawreter responsive to determ ning said second

resul t 80wy 230 inskep hE@hodhe Aeopitnis Hien yserbinfany akthe aEPidetagtione st eps

vi: process as the known density of the material flowing through flow tube 103A-B.
15 Flow Chanting of Results to provide a Range of Acceptable Deviation - FIG. 12

The calculations of the upper and lower limits of a tolerance range through
control charting are taught in FIG. 12. It is understood that aithough the control
charting in FIG. 12 is applied to the deviations computed in n number of test using
process 600 in FIG. 6 that the method of control charting could be applied to the

20 other embodiments of the present invention as well as process 600. Control chart
process 1200 begins in step 1201 which sets a counter n to the number of
deviations resulting from process 500 that are stored in memory. An iterative
process begins in step 1202 which retrieves the deviation from the nth test. Step
1203 retrieves the deviation for the nth-1 test. The nth-1 deviation is subtracted

25 from the nth deviation to determine a range between the deviations and the
absolute value of the range is determined in step 1204. The absolute value of the
range is stored in step 1205. In step 1206, n is decremented by one. N is then
tested in step 1207 to determine if n= 1. If nis notequalto 1, steps 1202 -1207
are repeated using the new n. If n is equal to 1, the average of all the absolute

30 values of the ranges is calculated in step 1208. The upper limit is calculated and
stored in step 1209. The upper limit is calculated by multiplying the average of the
absolute value of the range by 2.66. Process 1200 ends in step 1210 by
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determ ning the anmount of corrosion of said flow tube responsive to a
"detection of corrosion (8Q). 28. The nethod (4Q0) of claim96 wherein-said
step fomwoled/easd ng (403) said possible error condition conmpgrgReyslePs of:

. conparing said neasured period of oscillation of said materital to an 5
expected period of oscillation for said material (902); determ ning said

possi bl bty I res; i J as i 0d .of

aci | 1'ag7 5afino G siarkly e Pvier FRERR IS Solbfarkd forlf CPAEIREF I S, of
osci | | ataloulatéd bgindultiplyéng tle §eerape df9he Bhsohte haiig b rahges diyD.c8
further inclgdiqg&$ge stép of : determ ning said expected period of
osci | | affdFUPERC Ofbf®% al fromthe density of said material. 3D. The
met hod ¢€480Lsfh ¢! aim 29 further including step af: determning t~ ~e
density of saird material flow ng through said flow tube. 27 AMENDED SHEET
19 Subst i t ut Ehishimegntionlid alvada2O00syakem that sigaalsgwtentidl erfdes ay thel flowt r oni cs

f Cor,i, ol ,i. I wh i id iolis, fl . fl b
moane (SBRetsh faclaE 4 GorBEt FoRaidl obest tebigoft bricisdohuibier (Mosa. By
as a MesRei Wil bé Aetedtba OUweRad tHd ft HUBS VERRNEhHt 198 MADs MW ratead T or

measuring (105-105") said period of oscillation of said flow tube 5 neans,
wher ei rotber theasueement ere ascuratendbisdeventioupnlyydetects thepessibitysefian peri od

of osci P18 4BtR n3RE nbRFnde® K dfe PORMEIRLIpPES AlknsRiertadafii hr ough
sai b f | ambgd to tRaNwaidesai d meter el ectronics further includes: neans

responsive to a neasurenent of said period of oscillation suitable for 10
det ecti ng a \Obilespesificrsphedimantsohthis byeptias haye beea disglesethabgv it)

i ndi cat; i i : i i aSal ns._and a known
densi s SrodepdMiaiiord Pufieq BFle arEtathd lnirdision SHEHRE eRERAREE, o

devi at igfihisdhvemtasiivae talDeitairt theaudpeesiof the tollowden sidins @fithapiidralgt@r i al
suitabl e for signaling %405) a deviation 15 between said stored flow

cal i br dbrsghrtherldectiise @i lsaivalgMfet er el ectronics to measure mass flow rate
an actual flow calibration factor of said Coriolis flowreter as determ ned
by structural properties of said flow tube neans. 2. The neter el ectronics
(2C) cf claiml wherein said naterial flow ng through said flow tube
it~eans (103A-B) has a known density and said nmeans for detecting (404)
sai d devi ati on between said neasured density and said known density
includes: 5 neans suitable for conmputing a calculated density for said
material (501 ) fromsaid period of oscillation; nmeans suitable for
conparing said calculated density of said material to said known density of
said material (503); and neans suitable for determning there is a

devi ation beriveen said neasured
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210 density and known density (504). 3. The neter electronics 20 of clam1l
wherein said material flow ng through said flow tube neans ( 1 p3 A-~ 03B)
has. ~ Eagk%% ensit~~ and said neans 20 Substitute sheet - 17 July 2000
.suitaB F tecting (404) said deviation between said neasured density
and said known density includes: 5 neans suitable for conputing a

calcul ated density of said material fromsaid period of oscillation of said
fl ow t ubeVWEis plaimedrds suitable for calculating a difference between said

cal cul ated dengity and said nsj. (602).: s suitable for..
conparing sai d§di ff%ﬁ%ﬂ@ﬁﬁgwcgéﬁfs{é@gé f%'%eqoa{hnﬁgﬁﬁ?qﬂ Q¥ cAEtion,) .
and_meansgubd 8PbTMlisRAMBAH B9 e AR BRIYAT ARiILBRASU! o
density and said known density exlsts responsivé to sald difference being
out si de ofleteaintheaaa cepssfibw ratd ef anate rinbfigwingdbf)ughtsaiinGorialissflowetém oni cs

20 of claim 3 wherein detection of a devia iQn,bftween said f|ow,
cal i br at | 8nd eaG Syl fiyoyabibratienifacter of gpid Cetplisliowmeten whatelnosaids sai d

Coriolgs ; ' r L QG B2 e '

furtner 1 GeftiEhSvaleiebs BIHER0 e REAnSI1BsAI 5By B s afop R e

cal cul at eghjfi loveR®R feBRs 119SABaDH rRatesial flows thralighrsHaiNewstubesflebdhew
calibration factor and actual flow calibration factor is perfornmed; neans
sui t abl e (163AcB} endimeans for ragasuring (105-05% aaid peried ahosciiatioyeof saidsai d
difference fromsaid stored di fferences of each said validation of said

mass 10 f Qi MsteAS; E_ﬂ'd ?ﬁ"_dﬁalu i#9); and means suitable for
determ ni ng a r#'@ﬁﬁg ré%é@:ﬁsi\?é tég'rﬂeéﬁﬁﬁ\%?ﬁgérsgﬁgﬁeﬁfj@é o?gbgllgﬁ‘&{ ﬁg\tlavnce from

said stored difrerenc or each sal tron of sald nmass

cal i bt@t i duteptirid ardedatichXween a eagete deakite bf amaterial (404iandla wher ei n
said neans for detecting,6(404) said error in said neasured density

i ncl udes.knaveahdersity absaidmaatem@liand ng (1001 ) the density of said material

fl ow th ' . ; i ; 1, N i, 100
cal cul at ed dzi0eRgs fpordtireiEa i pERIEaf Al B\ BubRadS bR bd Rehely o ©
sai d 1 n-amd-sdidkndvn dersitySobsdil rhdteriahRetsignaling (408) s8R sBAth XDl €
for conparing said calculated density of said material and said neasured

density dietweed said Sowasalibsatin faster ofaaid flowmeder that is used & detdrmins ai d
devi at i bet . j 1) d. 10 i d it j St.

Fespoht VBsTleR rate al weifqnateripfEMY troldh FERCHY fufe RS et Seiuar 1o
said mea Wéélﬁﬁlr?ﬂén $atter BRESG GbridiROfowmEterhe nmeter el ectronics 20

of claim1l ereln a first density constant -for calculating a density of a
material flow ng through said flow tube neans

2. The system (400) of claim 1 wherein sald materia! flowing through
said flow tube means (103A-B) has a known denslity and said means for
detecting (404) said error in said measured density includes:

means responsive to measuring of sald period of oscillation for computing

5 a calculated density for said material (501);

means for comparing said calculated density of said material to said
known density of said material (503); and

means responsive 10 said calculated density not being equal to said
known density for determining said deviation between said measured density

10 and known density exists (504).
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+ said

(103A-B) squared is known and said neans suitable for detecting (404) said
“devi.ation between said known density and said neasured density includes: 5
neansﬁgg&tagh for calculating (701-707) a new first density constant from
Q Eef)eriod of oscillation for said material; neans suitable for
conparing (709) said first density constant to said known first density
constant; and neans_suitable for determ ning said deviation between said
nmeasured 10 dedsity Thedystern (A8l daim il wheseinsaidmateral floioa throergho sai d

Const ant . 5940 TRy G p s DRbrT e s RapkP e et miene e

it abl s - . X : .
char act or 158510 FATLEA0 dalhicHHerBNG AT heddura BBASiy i8R RbW | o
period ofdemssityl iholudes: of said flow tube (701 ); 5 neans suitable for

subtracting a known square of said period of oscillation of said flow tube
means $or a remgessder sempuiing aealcwgted dersily o spld materighirem spidquar e of

sai d nmeasured riaod of osci.llation t termne a first result (703);
means. suiQ%%Bfﬁc'@m"‘r%éﬁ'ﬂﬁé"aﬁ’cﬁ’%ﬁgaﬁ density of said reference
material from %bﬁs'fBP&!lcQ%’ﬁﬁde@?iaﬁ@ﬁ% %{__’) )ﬁﬁﬂ%‘élﬁllatfebodéﬁ@t)‘aﬁrﬂ%sa' d flow

tube to 10 determne a second result ( ; and neans sult e for dividing
sai d secdambwredehsitp{02jd first result to determ ne said second slope to
determ ne said new first density, cgnstant 707) 22 Substitute sheet -

. ( :
17 July 2000 gMeRAs fopenparnag sakhdeyaven i ag Bgraptabie tala@ncerangsi ng:

means, S ui I o] asuring (1001 ) the density of said material flow ng
throu1g s(glﬁg‘@gémﬁ?gﬁe 9. The neter electronics 20 of claim7 wherein the

density of saifiesns ¢ @étehﬁjdm%u@id déviafidieingdie medRebd Jeingfy eixistsai m 6
further including: neans suitable for detecting uniformcorrosion in said
f1 ow t ubaegponsiye te spishd¢viation baingowsidensf said saceptabls wierencesangen sai d
nmeasur ed 8§§fity and said known density. 11. The neter electronics 20 of
claim10¢ *her including: neans suitable for dividing said new first
density constant by said known first density constant to determne a result
(803) responsive to a detection of said uniformcorrosion in said flow
tube; 5 neans 4&ui t dbhe systerm(400) wfyiainm 3 wiherein saétidétentingalfidoraxsiion f act or

by said result to determ ne a, ne stored flo alibration factor to
be used iSRhMAsSIAY ﬁ%tﬁi%ﬂ'bfﬁtf%é@?fﬂgm}%fﬁ ere F&‘Ow??@ri'%_flomet er
(804).  LrerbneFdtHermlfic IHieR/afoand salt §shmndtinbiifest nCl uding: means
sui tabl e "t or determning e anount of Unitformcorrosion (806) responsive

to a detecti ommeans firfsionng 23V dedRtion lvalowbited fet eath tmiecs 20 of claim
1 wherein said means suitable for detecting §404 sai d devi ati on between

sai d Khown derfifitestiomef said deviation efsaie AsmGa iPFﬂi‘Qﬂcfégorm:tabl e for

ot e JuBA ISR S pinasald baloa o o7 o ABEABR AT, o,
said deviation Is performed for determining an upper limit of said tolerance
range for said deviation of each said validation of said mass flow calibration
performed (1209); and
10 means responsive to storing said deviation of each time of detecting
erors is performed for determining a lower limit of said tolerance range for said

deviation of each said validation of said mass flow calibration performed (1210).

5. The system (400) of claim 1 wherein said means for detecting
(404) said error In said measured density includes:
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said known density of said material; nmeans suitable for determ ning 5ald

. devi ati on between Bald known density and said , ..neasured ~Ansity rrxi Stc
rnSpp! ~Sl;i~a t0 S2ld ~'!'?9aSL~rE' C pF?r10~ O OSClliatl On 23 Substitute
..sheet F00B/J28RCy 2000 for said material not being equal to said expected
period of oscillation of said 10 material (904). 14. The neter electronics
20 of claim 13 further including: neans suitable for determ ning said

expected peri ognehn®$sr ﬁnbabuﬁﬁg fip00 PRitkle f@érﬂi;tyacbf éas@ﬁﬁgmwnﬂam troffnsai d
material. 15. The neter electronics 20 of claim 14 further including: “neans

sui t abl e fssid flewdpheni ng sai d known density of said material flow ng

dovi at on bet &éﬁ%“aés“qéﬁgﬁhmﬁwﬁfww@%%“” Se tgtel s 20

of a Cori @l W,, asure mass flow rate of a
mat eri al §r?!1ds ac%u ?6‘ é@vx??g?a ration ctor of said Coriolis fl owneter
based upon strméaﬁﬁormmrﬁngesai@fca@ul@téd densitebf salienatdtA il Sigoriolis

flommeter has a flow tube neans (103A-B), a neans for oscillating said flow
t ube nmeanggasouyd densityraf saldmateriald508)y,aAngh sai d flow tube nmeans(103A-B),

d f 5- 1 d of. | | ati f d fl t ub
moans. sai d el MEHERETING SAdRr S forput st SHBough a {1 ow
tube qf S?ééiacf;féwe%ls?ala Icavmst% éé’:%hy)of éé?a?ﬁéﬂehh%wseﬁ 'é’qJétQ&'s%%H)e as

said material flows through said flow tube (402); measur a perrod o

osci | | at | measiurathdensityof saidenaterhi{804at er i al fI ows thr ough said fl ow t ube
(403); detecting a deviation between a neasured density of a material and a
known density of said naterial responsive to neasuring said period of 15

oscillation(404); a \ fl ow
calibration factor Qﬂg%ﬁ%&éﬂgogﬁf ﬂagr\ﬁv 1cal $@?€E¥§?@@S@¥%ﬁaﬁrﬁ§o sed and
said act Uéélcuiaﬁﬂg%érl%vﬁldwp@ maeHar 16w ﬁwrxﬁl?ﬂi)@@ﬁ ﬂ&vttt?béln‘?é‘ér?é:t' on of

sai d devi ati on bétween said neasured and sai d known density.

Subst i t ut €l0SeB) squarediisiknaygoend Baid eears fosdictacting @04) mxdrenr@rvm:aaudi n

said material %ﬁ’oém thrPu h.said fl ow tube nmeans (103 A-B) has a known
density anasyf ?ré%tyf'BF ect i ng (404) said deviation in density

includgs the siRBAsToF c&teamﬁ—:émoa r@f)%lhewsﬂeeﬁswcaﬁétaﬁﬁwgwgéﬁr' al

responsive to said period scillation , comparing s
cal cul at enheaenesid perodd ehodciatien fad said mamedaknom density of said materi al
asured density and

(503); and determnln sai d dev bet ween .sai d
sai d known den@EAPS &S QQ@PPEEEA:@% ‘Foﬁ@gﬁﬁnﬁ' E‘Eﬂ‘ggﬁﬁt%%?fglwv\‘fb ei ng
equal to @é’ﬁﬁty‘%‘é’fh&t?aﬂ&”s' ty (504).
means responsive to said new first density constant not being equai to
10 said known first density constant for determining said deviation between said

measured density and said known density exists (711).

7. The system (400) of claim 6 wherein said means for determining
(701-707) said new first density constant is characterized by:
means for calculating a square of said measured period of oscillation of
said flow tube (701);
5 means for subtracting a known square of period of oscillation of said flow
tube for a reference material having a known density from said square of said
measured period of oscillation to determine a first result (703);
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18. The nmethod (400) of claim 16 wherein said material flow ng through said
fl ow.tube nmeans (103A-B) has a known density and said step for detecting
(404) said deviation of said flow calibration factor includes the steps of:
- conput {98288 Ccul at ed density of said material fromsaid period of 5
oscillation of said flow tube (601 ); calculating a deviation of said

cal cul ated density from said known density (603); and conparing said

devi ati on bet wemeagaifdr sabtrattingsaiddirsiwry dangity af shikireferdone imatetial famm

accept abl e tol erance range, (§06-608):  and 10 detern nji ng,sai ossi bl e

errorIo COI’IC§Q’8MOM Q‘&s'ﬁyg%f;féﬁigiwef)@' feyvingbveugh Sﬁ’dtfb“ﬁﬁi%g%%’@”@f”%ﬁi d

accept abl e r 09). 19. The method (400) of claim 18 wherein
PO e hBRe g ad aee)

said ne cting said deviation between said stored flow
rate calibrati onehastior divftfing 8bRl 8660 rddLvb\C SditiTret ie@DItte e rnithe Said
Coriolis flowreter (5) is perforned at periodic intervals and said nethod
(400) f ur tsemondrdopelés determine saichnewdirst density erniséantdVi0d) i on cal cul at ed
for each time a detection of said error of said nass flow race calibration
perfornmed (604); determning an upper |limt of said tolerance range on said

devi ation of eagh satgh g?gfe%um (gffclg-?,i, zac fer iRl | bration performed

responsive to storing safd devi at’i on o tinme (1209); and 25

Substi t ut e sheaheand forkmkprsing (100 tetherdensitydf saldmatetiairidwing tisough

tol erance ranﬁe for said deviation of each said validation of said nass

fl ow cal i e flow tyeef or red responsive to storing said deviation of each
time (1210). 20. The nethod of claim 16 wherein said step for detecting
(403) said deviation between said known density and said neasured density
includes the sigps offie Sptem gmgtdﬁlﬂﬁﬂ?'vﬁyer@fn thel db iRy &fisalid fidlgs

t hrough said flow tube (1101 ); determning a cal cul ated density of said
mat eri al fknomwinsai d peri od of oscillation of said flow tube (502); conparing
said cal cul ated density of said material and said neasured density of said
material (503); and determ ning said deviation of said neasured density

exi sts responsi t | Y .d material not being
equal to said r?e\cgsu(r)% ?ii%!seﬂ?t gﬁgﬁ%ﬁlﬁ%ﬂg?gﬁ%ﬁm?ggi@ 21. The nethod (400) .
of claim 16 whengams fedporsivelions ideYectiomstfosdid Heviatiohdétakengaid density of a

material flow ng through said flow tube means squared i s known and said
step for deeasuredgensty png-said kpewindensity for detatingi wfosmmsImasien imeaidt eps
of: 5 cal @#@qu 8 pew first density constant from said neasured period of
oscillati f "Sgl é ‘'material (701-707); conparing said new first density
constant to said known first density constant (709); and determ ning said
error in said neasured density exists responsive to said
11. The system 2;400) of claim 10 further including:
means responsive to a detection of said uniform comrosion in said flow
tube for dividing said new first density constant by said known first density
constant o determine a result (803);
5 means responsive to determining said second result for multiplying a
Fiow Calibration Factor of said flow tube by said result to determine a new Flow
Calibration Factar to be used in a determination of mass flow rates in said

Coriolis flowmeter (804).
12.  The system (400) of claim 10 further including:

means responsive to a detection of uniform corrasion for determining the

amount of uniform corrosion (806).
22
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10 new first density constant not being equal to said known first density
constant (71 1 ). 22. The nethod (400) of claim 21 wherein said step for
determ ning said new first density constant (701-707) includes the steps

- of caVQQWZ’Qﬁﬁ’@a square of said measured period of oscillation of said
flod4v tube (701 ); 26 Substitute sheet - 17 July 2000 5 subtracting a
known square of period of oscillation of said flow tube for a reference

mat eri al havi ng1d. kndwe systen (§00)rafmlaiai 8 veiareinesaifi rsaads feradeteetinger i od of
oscillatio deferm.ne a first, result %702); subtracting said known

density of F@ggéaf P‘é‘?‘%' @eerﬁ%&%détlonr'ﬂsw & d known density of said materi al
flowng thr oughm%%hg bt BCWnE)Hﬁﬁg Egidglﬁ%%mééep@ﬁcﬁfﬁ?@gﬂ'ﬁ%ﬁé% bf %Qid(r%%@r'ia!and

di vidi ng said second resul sal I'rst resu efermne sai d Second

sl ope t® detsy ekpsctedipbriogwfiidschatios for $aid ceateran@0zj07) . 23. The met hod
(400) of claim22 further including the steps of: neasuring the density of

said material fieanadordetemyminmsaididron ingaé Meas0oyd deasityeaistet hod of

claim 22 wherein the density of, sajid terial i,s known. 25. The net hod of
cl ai m 21 fr&SPRBFIVEARSE ’ﬁ\?aﬁﬂr@%ﬁ%wdo‘g? Oﬂ%Wifﬁtjsﬁ}ﬁ rgtanalathaing in said

). 26, The Rl RS pls AR B A0TSR AIGELr FAR AR I Cos o

dividing said new first. density constant by said known first density
constant to determ ne a resulé res?onsive to a detection of said uniform

c?r rosijopl in saldd fI D syyem of glaim 43 rfeAGIUEING Cal i bration Fact or
. : : , ey i brat~an Fact
2o bo used i n STGaRE Grtdtel ARG s XBLEER Mot SFISH AR oA tBHAL S o

responsi vergra e Hensihbnsaiddhatesigzond result (8o4). 27. The method (400) of
claim25 further including the steps of: determ ning the anount of

corrosion of said flow tube responsive to a detection of corrosion (g(lgl.
S 27 Substitute sheet - 17 Ju 000 28.,,The. net hod (400) of claim 16
Wherein said stiép fgﬁhed@f%ﬁ'i“i3ﬁéofﬁg§?"§é#ﬁgﬂ@%i%ﬁ@'&gf or condition
conprises step \ r; oy V4 g-@q;.,’ JdHBRRGE L i L sai d
material to anﬁggéb%scfdgd pe’lpimo'd 0 gosci~ gt ?‘8@6’15’3@?3{"89"3@? (Itarl}riagpﬂ%@gé); 5
det er m ni figwstube (3684).bl e error condition exists responsive to said

measured period of oscillation for said material not being equal to said
expected period of oscillation of said material (904). 29. The nethod (400)

of claim 28 furqzsher 4 i h . e pl i~ t eriod
of oscillation 11t“$(};r s}gﬁ?tﬁgﬂg gur;ngl faofrr%tgm t ﬁ? adgﬁg'?w%g? Bglaoligbgng St g’lfsgggg The
met hod (4@9p Obriciisafiowrd@tdrys) beed toneleadurgnmse fioof ratd eif ar miateriyg driveadensity

of said rr%tcﬁ'rai[ %!awf clzaolivté:/inant%]cznt Pacs(t)cijrgorl]' sséﬁ'} 8o];il)lci)sw ﬂct)\grl%%'ter, wherein said Coriolis
flowmeter has a flow tube means (103A-B), a means for oscillating said flow
5 tube means (104) as a material flows through said flow tube means(103A-B),
and means for sensing (105-105°) a pericd of oscillation of said flow tube
means, said method including the steps of:
fiowing a material through a flow tube of said Coriolis flowmater (401);
oscillating said flow tube as said material flows through said flow tube
10 (402);
measuring a period of oscillation of sald flow tube as said material flows
through said flow tube (403);
detecting @ measured density of a material and a known density of said

material responsive to measuring said period of oscillation(404); and
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a Substitute Sheet - 29 May 2002 What is clained is 1. Meter electronics
for a Coriolis tlowneter wherein said Coriolis tlowmeter has a flow tube
meansn%bBSAdﬁ means for oscillating (104) said fl ow tube nmeans (103A-B)
'aasS a f F%%ws through said flow tube neans (103A-B) and neans far
nmeasuring (105-105") said period of oscillation of said flow tube nears,
wherein said neter electronics include circuitry that receives said period
of osciffl ati on &ignalipgisiaitdavigtion betweensaid ﬁw&ailbﬁtfoabia@tonf@aésﬁ gseskri od
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detecting a deviation between a neasure nsity o mat eri al (404)
indi cated by said period of oscillation of said flow tube nmeans and a known
density of said naterial; and neans responsive to a_ detection of said
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material s v, e dflow
calibratio rbgglh %F‘ cf)@ xgh%;@bla%agrgn(éﬁgag? %%r%%{’%\gnt%%%@séthdz %rg é‘?l W rat e
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determining said deviation of said measured density exists responsive to
10  said calculated density of said material not being equal to said measured density

of said material (504).

21.  The method (400) of claim 16 wherein a first density constant for
calculating a density of a material flowing through said flow tube means squared
is known and said step for detecting (403) said possible error condition
comprises the steps of:

5 calculating a new first density constant from said measured period of
oscillation for said material (701-707);
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23. The method (400) of claim 22 further including the steps of:
measuring the density of said material flowing through said flow tube

(1100).

24. The method of daim 22 wherein the density of said material is

known.

25. The method of claim 21 further including the step of:
detecting uniform corrosion in said flow tube responsive to said possihle

error condition being detected (801).
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detection of corrosion (806).

28. The method (400) of claim 16 wherein said step for detecting (403)
said possible error condition comprises steps of:
comparing said measured period of osclliation of sald material to an
5 expected period of oscillation for said material (902);
determining said possible error condition exists responsive to said
measured period of oscillation for said material not being equal to said expected

period of ascillation of said material (904).
29. The method (400) of claim 28 further including the step of:
determining said expected period of oscillation for said material from the

density of said material.

30. The method (400) of claim 28 further including step of:

determining the density of said material flowing through said flow tube.
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material; an

means responsive to a detection of said deviation said measured density
and said known density of said material suitable for signaling (405) a deviation
15 between said stored flow calibration factor used by said meter electronics to
measure mass flow rate an actual flow calibration factor of said Coriolis flowmeter

as determined by structural properties of said flow tube means.

2. The meter electronics (20) of claim 1 wherein said material flowing
through said flow tube means (103A-B) has a known density and said means for
detecting (404) said deviation between said measured density and said known
density includes:

5 means suitable for computing a calculated density for said material (501)
from said period of oscillation;

means suitable for comparing said calculated density of said material to
said known density of said material (503); and

means suitable for determining there is a deviation between said measured

10 density and known density (504).

3. The meter electronics 20 of claim 1 wherein said matenal flowing

through sawd flow tube means (103A-103B) has 3 known density and said means
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density and sald known density exists responsive to said difference being outside

of said acceptable tolerance range (609).

4, The meter electronics 20 of claim 3 wherein detection of a deviation
between said flow calibration factor (400) and said actual flow calibration factor of
said Coriolis flowmeter is performed at periodic intervals and said system further
includes:

5 means suitable for storing (230) said difference calculated for each time a
detection of said deviation said stored flow calibration factor and actual flow
calibration factor is performed; _ _
means suitable for determining an upper limit of said tolerance range for

said difference from said stored differences of each said validation of said mass
10 flow calibration performed (1209); and

means suitable for determining a lower limit of said tolerance range for said

difference from said stored differences for each said validation of said mass flow

calibration performed (1210).

5. The meter electronics of claim 1 wherein said means for detecting
(404) saud error in said measured density includes.

means suitable for measuring (1001) the density of said matenal flowing
through said flow tube;

5 means suitable for determining (1100 a calculatled density of said matenal

from said penod of oscillation of said flow tube;
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10 said measured density exists responsive to said calculated density of said material

not being equal to said measured density of said material (504).

6. The meter electronics 20 of claim 1 wherein a first density constant
for calculating a density of a material flowing through said flow tube means
(103A-B) squared is known and said means suitable for detecting (404) said
deviation between said known density and said measured density includes:

5 means suitable for calculating (701-707) a new first density constant from
said measured period of oscillation for said material; .

means suitable for comparing (709) said first density constant to said known
first density constant; and

means suitable for determining said deviation between said measured

10 density and said known density exists (711) responsive to said new first density

constant not being equal to said known first density constant.

7. The meter electronics 20 of claim 6 wherein said means suitable for
determining (701-707) said new first density constant is characterized by:

means suitable for calculating a square of said measured period of
oscillation of said flow tube (701);

5 means suitable for subtracting a known square of said period of oscillation
of said flow tube means for a reference material having a known density from said
square of said measured period of oscillation to determine a first resuit (703);

means suitable for subtracting said known density of said reference material
from said known density of said material flowing through said flow tube to
10 determine a second result (705); and
means suitable for dividing said second result by said first result to

determine said second slope to determine said new first density constant (707) .
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9. The meter electronics 20 of claim 7 wherein the density of said

material is known.

10.  The meter electronics of claim 6 further including:
means suitable for detecting uniform corrosion in said flow tube (801)
responsive to a detection of said deviation between said measured density and

said known density.

11.  The meter electronics 20 of claim 10 further including:
means suitable for dividing said new first density constant by said known
first density constant to determine a result (803) responsive to a detection of said
uniform corrosion in said flow tube;
5 means suitable for multiplying said stored ilow calibration factor by said
result to determine a new a new stored flow calibration factor to be used in a

determination of mass flow rates in said Coriolis flowmeter (804).

12.  The meter electronics 20 of claim 10 further including:
means suitable for determining the amount of uniform corrosion (806)

responsive to a detection of uniform corrosion.

13.  The meter electronics 20 of claim 1 wherein said means suitable for
detecting (404) said deviation between said known density and said measured
density includes:

means suitable for comparing said measured period of oscillation of said

material to an expected period of oscillation for said material (902) calculated from

m

said known density of said material;
means suilable for determining said deviation between said known density

and said measured density exists responsive to said measured period of oscillation
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material from known density of said material.

15.  The meter electronics 20 of claim 14 further including:
means suitable for determining said known density of said material flowing
through said flow tube (1001).

16. A method (400) for detecting a deviation between a flow calibration
factor stored in meter electronics 20 of a Coriolis flowmeter (5) and used to
measure mass flow rate of a material and an actual flow calibration factor of said
Coriolis flowmeter based upon structural properties of said flowmeter, wherein said

5 Coriolis flowmeter has a flow tube means (103A-B), a means for oscillating said
flow tube means (104) as a material flows through said flow tube means(103A-B),
and means for sensing (105-105") a period of oscillation of said flow tube means,
said method includes the steps of:

flowing a material through a flow tube of said Coriolis flowmeter (401);

10 oscillating said flow tube as said material flows through said flow tube (402);
measuring a period of oscillation of said flow tube as said material flows
through said flow tube (403);

detecting a deviation between a measured density of a material and a

known density of said material responsive to measuring said period of
15 oscillation(404); and

signaling said deviation between said stored flow calibration factor and said
actual flow calibration factor that 1s used and said actual flow calibration factor
exists responsive to a detection of said deviation between said measured and said

known density.

9
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(404) said deviation in densxty mcludes the steps of:
computing a calculated density for said material responsive to said period of
5 oscillation (501);
comparing said calculated density of said maternal to said known density of
said material (503); and
determining said deviation between said measured density and said known
density exists responsive to said calculated density not being equal to said known

10 density (504).

18.  The method (400) of claim 16 wherein said material flowing through
said flow tube means (103A-B) has a known density and said step for detecting
(404) said deviation of said flow calibration factor includes the steps of:

computing a calculated density of said material from said period of

5  oscillation of said flow tube (601);

calculating a deviation of said calculated density from said known density
(603); and

comparing said dewviation between said calculated density and said know
density to an acceptable tolerance range (606-608); and

10 determining said possible error condition exists responsive to said deviation

being outside of said acceptable tolerance range (609).

19.  The method (400) of claim 18 wherein said method (400) for
detecting said deviation between said stored flow rate calibration factor and said
actual flow calibration factor of said Coriclis flowmeter (5) is performed at periodic
intervals and said method (400) further includes the steps of:

5 storing said deviation calculated for each time a detection of said error of

sald mass flow rate calibration performed (604);

determining an upper limit of said toierance range on said deviation of each
said validation of said mass flow calibration performed responsive to storing said

deviation of each time (1209); and
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20. The method of claim 16 wherein said step for detecting (403) said
deviation between said known density and said measured density includes the
steps of:

measuring the density of said material flowing through said flow tube (1101);

determining a calculated density of said material from said period of
oscillation of said flow tube (502);

comparing said calculated density of said material and said measured
density of said material (503); and

determining said deviation of said measured density exists responsive to
said calculated density of said material not being equal to said measured density of
said material (504).

21.  The method (400) of claim 16 wherein a first density constant for

calculating a density of a material flowing through said flow tube means squared is

. known and said step for detecting (403) said possible error condition comprises the

10

steps of:

calculating a new first density constant from said measured period of
oscillation for said material (701-707);

comparing said new first density constant to said known first density
constant (709); and

determining said error in said measured density exists responsive to said
new first density constant not being equal to said known first density constant

(711).

22.  The method (400) of claim 21 wherein said step for determining said
new first density constant (701-707) includes the steps of:

calculating a square of said measured period of csciliation of said flow tube
(701);

9
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(1100).

24, The method of claim 22 wherein the density of said material is

known.

25. The method of claim 21 further including the step of:
detecting uniform corrosion in said flow tube responsive to said possible

error condition being detected (801).

26. The method (400) of claim 25 further including the steps of:

dividing said new first density constant by said known first density constant
to determine a result responsive to a detection of said uniform corrosion in said
flow tube (803);

5 mulitiplying a Flow Calibration Factor of said flow tube by said resutt to
determine a new Flow Calibration Factor to be used in a determination of mass
flow rates in said Conolis flowmeter responsive to determining said second result
(804).

27.  The method (400) of claim 25 further including the steps of:
determining the amount of corrosion of said flow tube responsive 1o a

detection of corrosion (806).
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determining said expected period of oscillation for said material from the

density of said material.

30. The method (400) of claim 29 further including step of:
determining the density of said material flowing through said flow tube.
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detecting a deviation between a measured density of a material (404) indicated by said
period of oscillation of said flow tube means and a known density of said material; and
means responsive to a detection of said deviation between said measured density
and said known density of said material suitable for signalling (405) a deviation between
said stored flow calibration factor used by said meter electronics to measure mass flow rate
and an actual flow calibration factor of said Coriolis flowmeter as determined by structural

properties of said flow tube means.

2. The meter electronics (20) of claim 1 wherein said material flowing through said flow
tube means (103A-B) has a known density and said means for detecting (404) said
deviation between said measured density and said known density includes:

means suitable for computing a calculated density for said material (501) from said

period of oscillation;
means suitable for comparing said calculated density of said material to said known

density of said material (503); and
means suitable for determining there is a deviation between said measured density

and known density (504).

3. The meter electronics (20) of claim 1 wherein said material flowing through said flow
tube means (103A-103B) has a known density and said means
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