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WD 2005/ 040734 PCT/ US2003/ 030662 DI AGNOSTI C APPARATUS
AND METHODS FOR A CORI OLI S FLOW METER Backgr ound of
wo b@shsrention 5 1. Field of the Invention ThECPUERE3030662
invention relates to diagnostic apparatus and net hods
for a Coriolis flow neter. 2. Statenent of the
Problem It is known to use Coriolis mass flow neters
t o neasur e DBAGNOSTICOABPARATUS MAND METHOD®N of
materials fl ow thr i pel ] di scl osed in
U. S. Patent mﬁ%g&ﬁ&gggﬂ@tﬁ@a*’ ﬁE?iB Smth, et
al. of January 1, 1985 and Re. 31,450 to J.E. Smth of
February 11, 1982. These fl ow neters have one or nore
Bckgyow gheInvgntipr ent configurati ons. Each conduit

] Cﬁglfdio?%e%b Ioay be viewed as having a set of natural
vi bration nodes including, for exanple, sinple

THegmekeniginvergios radatas to diamhiostiic appedracisupt eckthidsls fockeSoridlis flaw
tg{ﬁi cal Coriolis mass flow neasurenent application, a
MEBndui t configuration is excited in one or nore

2. \Srbfembh T hOR9S5lens @ material flows through the
condwt and notion of the conduit is neasured at

poi Atis kapee é«ausaﬂ?mghs FasCReT frefers tprBeasiisagss Sow) andhodes
mf@)%mgtlfkglo &EI‘ ﬂI)Mng / E%l‘?%. ?gglu?er % H&ids0geh UTS. PALh: 16

mass w t ubes and the material
44!91L0ﬁ5ns&uhétcfl EvSmitdbeSal OBtaendrgll, 198%vemd RZaOSl LADOtot e Smith of

| ow con e el ne i de
rebr P LEBhe e RoSTRaSHIRLs PifSinnOB B PRttt
coh’ﬂgl@’d@dihst fEthlﬁ b&i&uttléb@ﬁglﬁatfdn d}k lblbﬁéw%@ls Iexirgsa dehef danaut
pel i ne connected on . the outlet side, A

or
v1bnarl%m0§fﬁpmp1@§1na= fop PRl Sirle bersling (sslonatpgadiaprckeoupled
mb@S fiPa %%aﬁ oMbt 4RSS tﬂQ)W 19§§éhfek&‘h?appm§cfbnt hebfiuitS no

material” flowng through the flow meter, all points
coafigwgtien is2&citdddwote blemomﬂbﬂa‘amenmmsrﬁsannatd@ﬂtﬂom through the

er thr ough &
coBRE S S B P b M TR AR pelt e O ot B et
t he Thearbritidil inodésafehamaiefifldilRdtsystphase d&ﬁhéd me}ﬁﬂé@tthe
to.other paints al

copfhind Tahsa of g TRRIIbEY: %fﬁqﬁ%{allét%ﬁa% ul%flﬁéh%ffw &% atetéigleﬂows
infd Ve BB@%Eetelnfr&H 8 c@hﬁéc%td popetife b ﬁgﬁnfeh ﬁdéd Bf the 'ﬂowSﬁ&&o The

are placed at different points on the flow tube to
mmen@lus: thegdirestend MUgbltgmﬂw tybgor dosniubes ané eaits the fiopyemeter to
cat the different points. A

a%lﬁ%‘%ng c&in??ciedeo the Olfltie# R&si gnals received fromthe
senso ﬂﬁvér&ppl@ds@lﬂ)&b esltherflosniube. The farseecauddsehpfias erbe to

osgllélfageﬁe Hﬁg g%l% rr}la%e?lgl ﬁoewni?lg rthrglll&nt%l %ow m t%ro %ﬁ rpg{n?sn (ilong a
flow tube oscillate with an identical phase. As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the inlet side of the
flow tube lags the driver, while the phase on the outlet side leads the driver. Sensors are
placed at different points on the flow tube to produce sinusoidal signals representative of
the motion of the flow tube at the different points. A phase difference of the signals
received from the sensors is calculated in units of time.

The phase difference between the sensor signals is proportional to the mass flow

rate of the material flowing through the flow tube or flow tubes. The mass flow rate of
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rate of the material flow ng through the flow tube or
flow tubes. The mass flow rate of WO 2005/ 040734
wEans82803/ 030662 the material is determ ned BYT/US2003/030662
mul ti plying the phase difference by a flow calibration
factor. The flow calibration factor is determ ned by a
calibration process. In the calibration process, a
thermamanﬁll isl detenmnpxhbﬁ eulltiglyiog gte phhe differandediysn Biew aalgirstem

rsict ShEnfy ARt rElot S ahed A Rl By BRgeg, i e

cADAS RGO caE, Dkdodm fMlid $ ﬁdsw&tmehg{ thie Slobwh@be bthegiGerAfl@v rate
no novi nhg conponents _in the V|brat|qé%fl(nN tupbe, The

apqdl ghe nrepatipn befwea te phaserliferanac 3o Yhefow Fade sicalsalated.
di ffeyg Af¢an ! gfgitev(\ﬁg'totrf‘UHs Bgi?zﬁgéeﬂﬁ t}fapﬁlgfé %@’n& %@ir&%@nﬁ)gﬁents

flow call on factor ase difference I's
irc thecvibpratiegifléw duhes Thei ﬁowda(ﬂe 1sd@¢mh®drm'ceulvehdrfgtb¢rphdse
ndlcatln

nsor | atl o
PR BB S rhB% o fie BB b it Pl icARoRBb o e
pRARRIFEreAIHAL c&l@ul’hﬂ&& ffmi sifhRhdadEignLs fbsavsceﬁbmqmensors

properties of the flow tube. Therefore,

indieatingdheprcillstion RE My RRIRtS PR fthestlesh Bbeq hip f@‘ﬁ’é yljtggtion factor s
? oAl {08 A ﬁ[ &oﬁ%ctﬁ;nfalﬁ_%{)v\ggnesbéf tHEAdw @lflbe”%bfégore

nponents Int OM/HE er It Is a pro
thevataswedneanit af thp rphwrdnffesncecmdsbe Bex t:aldvmetlionpfa@plem metsaffected
e stiffnes

and be can change during
bé{ﬁeeraéf’fl’&lﬁv% CPWQO@% 18ﬁP%h?W6W Heter. The 15 changes

i n t FeweEGitiah pfoblde tHat B8teria) B6fer8as Eﬂo@sﬂ:&bﬁ@faﬂ) peptities and

and stiffness of the flow tube can, be cau

the giffrses ol ysican ghange JHHRhEPSHIONNS the waaﬁ B]@\weter The
cpl pé;eﬁ li@the rhdt 1 BEL ;%er@ U&Gssts@&wﬁlhl%%ﬁéf@@s an@@ﬁfiﬁés@ 9f '%he flow

['i ne ﬁDUﬂtlng tenperature exanp
wwwecaoMrvgesedﬂpyw@m secesiomand pn‘a@pe pf the dlopf tubhby miateyial

f%’gf‘?% et}le ?l gtﬁli)e chr%nl%neg. plg\e i e pusl ?]Lgtlhé}earnﬁ 't&n;ge?:ytﬁﬁd OBX

e@:ﬂt@ﬁ@&)ﬂﬁb ¢Hangdd diddsasttiinabndpatiess-theflow d)ud&l is the change in the
ropertles of the flow tube is_an

ease ,of
BRI (U BT B oty b Se o SrrHap & change
iR RARLANSRE c%és—%&@foh@l%r@ﬁerﬁ&eofftﬂeoﬂbw Edl')*é@s RYinbRbRIdf FhSmass

flow ng through the tube. change in the materi al
of tlopllew ites, and aclsereassdn 10¥Q§Fr§¢0tlpﬁfé [Eges cased by cepting phtsflow

f the t
Ry D Paler i ot OR8¢, AEh AN P ARHRA bibpertcs, oros
seaidriar piobérticf ant Sﬁlffn@fs dffiee flbwwibterbe chadige dhdlhgesnd ddnsity
tes that are cal cul ate si_n e arigina
epreBpadcings pELE Jovameer q%til& ?'aclagb FaRo Pt he?%’r%‘eter
dhngesNB&H rét@s thBearaalchifed Asify %%ﬂgﬁﬂh@ﬂo@%bﬁ&hﬁorﬁfactor are
possi bl e change in the material properties, cross

igasstifath Aiheysfopathere dsa apad) i thesart for peysions thas detpeina pessitie
RO B gl Lo PSS e v
thibeinSivatihg that the mass flow rates measured by the Coriolis flow meter may be
inaccurate.
Summary of the Solution
The above and other problems are solved and an advance in the art is achieved
through the provision of a system for validating the integrity of a Coriolis flow meter

through the determination and comparison of various parameters, including mass flow
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The above and other problems are solved and an advance
inthe art is achieved through the provision of a
wayasem78or validating the integrity of a CoriPCT/ESI0D080662
meter through the determination and conparison of
various paraneters, including mass flow 2 WD
2005/ 040734 PCT/ US2003/ 030662 and density. For
andxiengitye Foreasnild, avasa fldwdad siensjty aredetermined breet! drabe nagnflow

he mass flow _ef : | '
cfhEOR ey, Ss5e B bBARe bisH HAD o o o DB Bt e oRf N
111194:997. A nethod for calculating a flowrate of a
flow nmeter using nultiple nodes is 5 provide

acc ok diatlepd for erdculaingc Aemratepl § ﬂeWimR&%rms}Wﬂ%H’é modes is
prrﬁ@rgfdlg&) g%o?@lp%?& ﬁycl:rgﬁdo@&eﬁ of ftﬂeQYi&l&ﬁ‘l}bﬁ Ble I_ﬁetﬁb@}f]&r 'Ef@l:bﬁl’éting a

I ng € nodes conpri ses calbratlngt e ow
fioetrate of aflowametantsing mhltidsinpded conyeses cTierating thedlofigpeter for

calculgting a flow.rate of flo t '
ST A T Bl B T g 8 I ot
uﬁﬁ% ghultdle floa¥d Maubsy Rughitihea dédsawofe ieteras Sowingttbdugh the
wih each node. The nethod_ for cal cul tiln a flow rate
floW raete1 twpciiGedBith CAUSTAGE. P A1SHI8 LG Hheciq T & ow
i ne i.0i ) . _
e e B Pt T, ot
fdrleavh dafred efoda. Theowethed i calsiating aflpvirpleof gdlgaemeter using

further i ngl udes cal cul at i fl
mybi S irane e i BEa oy G GRHEob AR chifion
886 d8aideady RtRs fdk Ak hetted atodual i dating a flow

T had g e LTI ASgRSEpishag 1o

agc%k&lggtté ﬁgeﬁbéd&&%ﬂ@{tﬁé invesoRg THY Ittt deforPalRSting a flow meter
conpr e f

ses t etermnation of a flow rate associ ated

g gl madles coreprises the, deRmmingtion ofia flovw rgtgap@sricdgVi each

fl.ow neter._ usi | tiple ' i
Bl S B R L0y RIDE At
cgﬁf&%gsth\é glokPratds@né depetinigsmrerroA comlitimdrefmmsivalto thacpmparison.

| ow net i ng.nmul tipl des i s, ' .
SUEUE &AL RS

AELAR 10 Oh HBLLARE O irhoRMér AR methisd fog yakatingh ow meter
nodes “conprises determning a densjty of a material .
isimg\mdﬁpbahmee dompiises deterhingies densitydirmatehal e atsgeiated

qr valiJdating,a £l ow ' | .t gg;gge&
"i’lﬂb?aﬁ élﬁs%eéiﬁﬁgﬁ]‘er nghetrﬁeécﬂgiéﬁ)% iV%jl E’/da\lE/i g? gglgwalgétg%i at edu{/t\}lp%ehm()des
iR@GHesRERasng ttteleasity vilnansecitd witoeadh niada anédgesisigya error
to the conparison. 25 A nethod for validating a flow
qpdition FePABSIFUCIG FETPAEEY i s provided according to

an ??%&H&%r Siidb iy & AYRHhdtE isinEBulipleinstich &y provided
validating a flow neter

according to an embodiment of the invention. The method for validating a flow meter
using multiple modes comprises calibrating the flow meter for a number of desired
modes. The method for validating a flow meter using multiple modes includes
determining a density of a material flowing through the flow meter associated with each
mode. The method for validating a flow meter using multiple modes further includes
determining the flow rate effect on density for each desired mode. The method for

validating a flow meter using multiple modes further includes calculating a flow rate for

each desired mode from the density and flow rate effect on density values for each
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using multiple nodes conprises calibrating the flow

meter for a nunber of desired nodes. The nmethod for
woalosgatrsng a flow meter using nultiple nodes PETUSIIES030662

determining a density of a material flow ng through

the flow neter associated with each 30 node. The

nmet hod for validating a flow nmeter using nultiple
da??d:incfdar tThe métined fodeslidatiag e floivnmeter using thiltiplerraodes further
.effect on density for ea desi red node.... The net hod
inegpdes GRS T TR G A LT 81 G PYBIo8 TRBRL TS o the
cbipidieh. i ncludes calculating a now rate for each

desired node fromthe density and flow rate effect .on

densAtyethed fsyalidrtingadipvgmal: 2H08FrgEodes is provided
agﬂélgg P23 élggﬁ?cﬁﬁ]%md&§hé S eRACThd REMPE tHAFri{eR balibrating the
valraat] n g a 0 T I

w neter using nmultiple nodes further
fiomcine@de for aampeet ofjddshred flodes. rAster saldmetiahe b dlowi naty edfgct on

err.or. conditi.on responsjve. t he. ¢ ri.son. .
Rt P61 GRS BT B ey PG " Respon density
VARMES: dash REGNIIESHCD B6HE adtéltdiBpdneatadd@iiny ir el deafred mede can

invention. The method conprises calibrati ng th fl ow
thv beroafoytated. i pavaparisen Al depsityyalues is dhqngpade and an error

' . f : f n density for each
Cégéglhsﬁe%tsh%geﬁgt eég&éé%h%%lgfs d&%g%&ng the fl gw rate
ef f et method dmsdetarmining & tenfifpratetsi adentériad fowowmganylfiplgmodes

rate, ted d ity f h i +ed :
i Rioidh sbcaraeat enemno it ey BT8RO oiBfliscs
dtaﬁbltaﬁﬁ@ tHEEHRY ARtkr acg ataﬁﬁl?fe(rj &ﬂ%@ﬁe@iﬁbﬂ@o rae?ptaimsdaﬁbraﬁm

e conparison is detected. |, t 1 Ni
e e £ha BTEL R i heh 5 5o s
I:J%&%%t%\éhﬂﬁqt}ﬁx‘é g%%&hg%nh QuiRheBBRORE BRMAM&e, & Bnperature of a

=Nt ion. _ conprises calibrating the flow
] ffoov can beuddb@mined. desi red nodes to ascertain

calibration,. constants., Aft [ ' .
per | JuSysEeny gqrccﬁﬂé}taglagfl gPWergceLOf%?{ Okﬁ%l@{gggﬁ?%glu&%bg%g)defés
;Lﬂgwﬁgd §c{j&@rcﬁﬂé "{obe[naérh}walirﬁﬁﬂsﬂff drtisvearion. tTeeygenifoos]dubating a
each node, a tenperature terial fl .be..

v etorphe How Anelguura mRfpleedss SRS ATOR [ A Rng the
{l&vg Wle%?rg%a Hehhg JFdkdizeBinfoddR0eRe éy%te@o@\éél&ﬂﬁitirﬁgo&ﬂé\ﬂ kfigof a

0 an enbodi ment of the invention. The system for
fiah enetextvising raultipleoppdes inslusies anfqa@q,forréqt@;rmgglgﬁgiensny ofa

nmuj t.i pl e .nodes. copprd ses ' [
Byl FTR S5 BT R e (50 P CaLL e gt o
sa&l /Mgl OMow adte uf aflowgneerf using maitipleafiodas firtheninebidesy a means

B Ry L G oA L e Cr, AL ST, o
ERLBLRSSAGH 2489 Wb Mde usidgultipleensiss figthet Bicludes a means

for calculating a flow rate based on the density and flow rate effect on density values for

each desired mode.

A system for validating a flow meter using multiple modes is provided according
to an embodiment of the invention. The system for validating a flow meter using
multiple modes comprises a means for determining a flow rate associated with each
desired mode. The system for validating a flow meter using multiple modes further

comprises a means for comparing the flow rates determined for each mode and a means



10

15

20

25

30

calculating a flowrate of a flow neter using nultiple
nodes further includes a neans for determ ning the

wo b@d/onese ef fect on density for each desired POTES20081830662
system for 25 calculating a flowrate of a flow neter
using multiple nodes further includes a neans for
calculating a flow rate based on the density and fl ow

for afeanefd: detectitp glearsirteyndiibusspdmsive te acthpated demsity valtes
A s stemfor aI| at i ng a flow nmeter using nmultiple

asgpeied pathsa R¥6rding to an enbodi ment of the

i nv eﬁtsgﬁé‘m fa—lh@dlﬁlﬁﬁﬁﬁﬂﬂf)@ met@usthgtrhilgpie nﬁdd@%&s"ﬁibﬁﬂed according
usi n O multiple nodes conprises a_neans

tockat @nbﬂditmﬂg of thq inventiane The systamafas yalifating @eﬂﬂw mgiss Ry
mrrﬁ p?e n{lc;ﬁgs o‘é%grﬁgg g?‘[ﬁzaﬂs‘aﬂof g&él"ﬂ{i&ln fdeﬁ grﬂ?ta%at&?dl Mw

npri se
assommaﬂ iwrith dabk dédimd matee Thel eymfme;dhdaimg@afhiw mette using

a_peans 005/ 040734 PCT/.US2003/ Q. 06
TR GBRECt G B LR PR e BEgD s | SRAPfor
Vﬁﬁfiﬁﬁé g Glotemelet si¥@hiile ME8QGUAL&EdnoMidd agBRs @R Sleteeting an
node. A system for validati ng a flow neter using

emr?ﬂ qongditionirethessive tqthe gprapaehedsHYVHYes- t o an embodi nent

of t n

o RSB A D (YA LAl NBIRDG 0 i
todl@t @nbodiinent thkemgbﬂt;pno’fheasmmefor ahlidakiogva flavwsmetenusael

wi.th each desired nod stem f or aI i dat | .
il FERE CUBPHG® * RAFLS T STRORe 4 ey (RALE R PR Pegesived
nfEP athd\§/stehefodl ¥ aSdding M dlowedeted EnSyalt P todes further compnses

validating a flow meter using nultjple nodes urther
ajmprens fu slefermindpga fensity of e eichigl Q?IWIHéF}PIGPg}b@ﬁé{ | jgfLer

s%%i%%'&% edcfl ntl&fe RORRIGERH ¢ Mfdati¥g ¥ @llo%elﬁeterllg)sm% AYRHRM
el T

val | da ow neter using nultiple nodes is
nmdm/ fuotthar amnmnsd:s agneatmfoa determbiodtigtbn flowfrate lsEestropalgnsityfor

%@Xg@%}# S sgstﬁgl?ﬂrsv 1g?t1rzglazi(1) ﬁg%e%er u%ish 1t1 ln%dd%L Burther

cBﬁFn@esrhl«kH&ﬁfs foff caltRddtingd flowoaestor dith c&msdderm)deo The system for

idating a flow neter usin | e ppdes f
vebdgsingaetow gleppéélﬁglgg@,}lu@%fr@ﬁ% m %na:gﬁgs' zle élegﬂysr T comparlng

tﬂ'@flﬁ\” rﬁle A(P&W‘n@ LBF @é%&'ﬁn%}laﬁ eﬁbP&&nﬁﬁfoﬁ&es%@nﬁ%@Qh@E(ﬁﬁipared

éach mode. he systemtfor validating a fl ow neter
ﬂmngem]uhd& ple nodes further conprises a neans for

det er,m nj the.flow rate eff . . 3
des: o age: e Y B! (it B BEGRRI & flopilborane
161 5h BELBTLIcnPbEtheREestidil Thb eystent Giprlidamga firanmstet osing

rEgSP e CoPRTFBATHES orer A OF 168 G AmpRger of
JALEmbist N8l sGQBMbSRIidaidEEAAGY hdter &SRB &ulfifle modes includes a
means for determining a flow rate effect on density for each desired mode. The system
for validating a flow meter using multiple modes further comprises a means for
calculating a flow rate compensated density for each desired mode. The system for
validating a flow meter using multiple modes further comprises a means for comparing
the density values and a means for detecting an error condition responsive to the
compared density values.

A system for determining a temperature of a material flow using multiple modes

is provided according to an embodiment of the invention. The system for determining a
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20 the flow rates and a nmeans for detecting an error
condition responsive to the conpared flowrate
wo a00ses73A system for validating a flow neter PST/I§2003/030662
mul tiple nodes is provided according to an embodi nment
of the invention. The systemfor validating a flow
meter using nmultiple nodes conprises a means for
teﬁﬁietdwlatotf a@netthml fﬂlo@z\Msir@tmultlplermcaies oodoprises b n2%nsifes icalddating
es r va a flow
oY et S o e o o s s R R A . The
s§s|té?ﬂvf61 Qfe?en%hfn?%:& te%be?a@tﬁl“é 'oﬂ( mlaria€ 86W WRGInIE IB ﬂdﬂes ihbkides a

system i dat'i ng fl ow meter using. nu

mepkkefor ﬂ@tptrm@mgcﬂotn’pe p@@si far eash 9 theglesized lélaq'le&t il h@ Sbéﬁt@fnll &
éts}rﬁlgfﬁ%f t%ﬂq%glta Ire f o rcﬂa e¥1a¥ fl’&w %@ﬁ? rﬁ@@lé Gidd her Th&udes a

ow e sing multiple
nigatkefor ﬁuﬂeﬁhmmg@olmmﬂenslﬁvatmmré oging drepatibragjon @@nstahts and

densi t alues and a nmeans for detecting an error
“@SWFng%%rF@iﬁBﬁ% ve to the conpared density val ues.
D%F&V?ﬁmff@gmmﬁgp ning a tenperature of a material

using multiple nodes s provided according to an
FéGbbilluates oCoriplés floy apeterdman wRanpls of BevgRtion;

G2 1k00a BuiaEh SO0 B AR RZ A0S BA0602

era ure o Si ng nultlple nodes

m@rmﬂhs&stesaa welidasiof systamain dr exainplp ofttheinvewnnet er f or
er of r des to.ascert.ain cal i.br

gnt et ¢ Reessyiot BT Rn G dpR e i Af s plnpEirk Heption:

FOG. §ilRkSk! alvalida0oh Bpdds i &iaplphe sdemvemnydes a

nmeans for determ ning a tube period for each of_ the

Fdi@sﬁ ilistratosla yalidpien sysiema i @wxasapé%?fethmwwnaand

u rn? E RS i g; Bsd Bt %Hg@{' tL;.I'l% W H S B0 thi BvEntiBRES

I nc es a or determnlngarmterlal
]jdtﬁi\lVadBmeipmionroétmsInvgntlbm cal i bration const ants and

ngsmliﬁég ﬁ—| ¥ fd%{xﬁ: ?cﬁ'@g{n}gageésgn% %éﬁp[?ﬁt sgecf1 C e)za tle(:)srtoit%ach those

sRNeBXATR £t BbwlthendkB M ubOMe bestGnddeGf tRe inlvbntﬁinr dtoe sheapurpose
val i dation systemin an exanpl e of {he i nventi on;

of | tepching [nvgBliyeaPEECTBles, alomeatqnyRnESRal atherty 1Ne dxeisimplified or
glfu%t'é@e'l“hgs\é%ﬂp eQ'ln tﬂ:e &t wit %Jﬁlrééﬂté HUreliofs REAGRSS ck@hples that fall

erm ni ng owraeln exarrpeof the invention;
Wil tBe $dopeisf thetisvendiona Thd sximoples helowhavabess cxressslaising two

S0 e VAR S A PR s T
dkille'dslhrtﬁé a8 willippeRsite fat tHeelmeraatdeseitied baloweoeanty endfined in
\}arrll((e)ué gv\ésrsn %ol i%gm multiple variations of the invention. As a result, the invention is
not limited to the specific examples described below, but only by the claims and their
equivalents.

FIG. 1 shows a Coriolis flow meter 5 comprising a meter assembly 10 and meter
electronics 20. Meter assembly 10 responds to mass flow rate and density of a process
material, Meter electronics 20 is connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, and temperature information over path 26, as well as

other information not relevant to the present invention. A Coriolis flow meter structure

is described although it is apparent to those skilled in the art that the present invention
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Det ai | ed Description of the Invention FIGS. 1-7 and

the follow ng description depict specific exanples to
wo e@sh4d7Bose skilled in the art how to nake aPdI/uS®03/030662
the best node of the invention. For the purpose of

teachi ng inventive principles, sone conventional

aspects have been sinplified or 20 omtted. Those
CsklidIHee;niadtiqed bea Eibtati\lw'gltdlbmpsi@mmgviﬂmut tht iaddisiofia] amwasurement
& @Sﬁ exéelVl S gat fall L th| 0 the scope of the

FRAPERY PR LR aNpHsgeass Wﬁg{le been expressed

usi nMdtMssdmﬂfé?pOfirﬁﬂud%ﬁ a\phir)éfniahlfdalas 150 Rl Wodeks e@qob and
that nmore than_two nod can be used. Those ski
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atthcHed t@m&ff&lﬂ& 150 aﬁchDSIi‘ B4 prbeided Ncdafiquarstcldsb@inatdirl path

grgesent dnvention 6. WO 2005/ 040734 PCT/ US2003/ 030662
BekCpEoky meter esembly - vi brating tube densitonet er

Wi t h@yitent M c8AMit dfan@)s, ﬁ@ﬁﬁé‘ﬁﬁ@?ﬂh ar @RVt Ednhected, via inlet
provi ded b a Coriolis mass flow nmeter. Meter assenbl

y
end 10hendideitct and {04 ige arpacrneﬁtims(nqtabowmwmb cartiph thagaeress
e%g’n nkg t 1s %%5%1 asup 1 %ﬁ%?ent%g k%bilﬁlzloodtqpéj m%%egthro&hpa%' drifice

ar a wtu rrve
1m¢1hﬁamm 0B80 cortdanied nlabuglemsmﬁﬂansa&OﬂOVaMe anqrm'tmg block 120
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o3 tubaNEh Pl 1%@‘ Up%ﬁ%xﬂa%é RAuBR4 30Wh4 ¢80'cias Y)ﬁfcgé% matenal is

towards each other at flow tube nounting bl ocks

regoagnbingy! in apingle @tmg@gwg_lg,m magnafo 30" #nalrisl t@(eaﬁﬁbrouted to exit end
t | t
YRR by LGRS A0 LN S0 e BDA 8 v

bar s Flat0 tlﬂ)las:i 13.04£hd IS’.{&’ sre stlocttdamtbdppnepriatedy mmuste&/\tcﬁlihd g tube
about ich ch w tub [ | The side |
shopting Blocke A7 G 20083 1y prplisly s sbstbiion,
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120' and these bl oc inturn, are Tixedly att ached

respeetirely. dibgee @dm@rade%@throumbgaos basi 148 gnd 1&@)n&nam¢9h§s the
\?Au?lﬁ% %&ﬂhﬁrdf %ﬁe RRY lt?ubes change with temperature, and this change affects the

calculation of flow and density, resistive temperature detector (RTD) 190 is mounted to

flow tube 130", to continuously measure the temperature of the flow tube. The
temperature of the flow tube and hence the voltage appearing across the RTD for a
given current passing therethrough is governed by the temperature of the material
passing through the flow tube. The temperature dependent voltage appearing across the

RTD is used in a well known method by meter electronics 20 to compensate for the
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through Coriolis neter assenbly 10. 15 Wen fl anges
103 and 103', having holes 102 and 102' are connected,

wok@siomizet  end 104 and outlet end 104" into aP@I/OSESF030662

line (not shown) which carries the process materi al
that is being neasured, material enters end 104 of the
nmeter through an orifice 101 in flange 103 is

chargd e tlastid o dulghofbew fubles 13Gdt I3 0F dwevto taup ehangenini flogr tube

bl ock 12 I f 121. W.t hj Ltold 150
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130', the process material is reconbined in a single
about dbaid wpraetine hendingorgs Yoond Bhand & whebisdampestthe Gist ew-of-
rhfieBEhdipg s W e ARPRRREShidlo Ao EREI B Ok
o3 06f mady %80 knawe asrehgenicats, suvt s p pragpetimoweitgd todlomt wbe §30' and

the flow tube nti ng,bl.acks. 120 and .120' so to .
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pARER RdrS/ibratihg Bth ifRwAHesY AUtEtaBle AE O bibSal 3DAPlich B eiettd

axes W-Wand W--W, respectively. These bendi ng
clpeBenign29, Hidplegh 18,40 dripamschpasmakRy- 140" . 1 nasnuch as

t he . '

t orp At estiolR 0 heis ARTCH RIGKHERD sTRaNGPICN L% ana e
leff arfd gght ety sightly appeesing v leads fpeandt 1968, thepastively. Meter

RTD). 1 IS _mouynted to | ow t.ube 130° 0.
el PRt GBI R P e aRRav Ay oh 20183 lioriyesiompapp 450 end
vidi8ie 3bds ABD ahdl 30’ eMefer bRerddi@VROiptbeseea ghdlenaad kit velocity
vol t age appearing across the RTD for a C?i ven curr.e

t
sigaalsiang then FRisiamgLigreorpuisahe massdflayy 1t and Gagensiy of thegpaterial

[ | ion, is
p%%%@&?%ﬁﬁen%%ﬁﬂ? 16 PN Sor kB ok, | Aot WHRE oth&hﬁﬁonnano ,

ependent vol tage appearing across the RID
appliedstgdmeter aleviddicsAtoover peth RO do bylizetivemeansdt.r oni cs 20

to c ensate for the.7 05/ 040734
pCT CRBBBSTOGEaT LRANGRIT A B Seep Hemspasogs ¢ pigle fov
rhétgeStokdéhsardnds3 @nd degitly 0 Taeyhashaegesnient fslbaved daltie following
tenperature. The RTD is connected to neter el ectronics
CIBPY: | ead 195. Both flow tubes 130 and 130" are
driven by driver 180 in opposite directions about
their respecti vie BERdIMg Sixes Wand W and at what is
termed the first out-of- 5 phase bendi ng node of the

9% nmeter. This drive nechani sm 180 may conprise any
one of many wel| known arrangenents, such as a magnet
mountieds the MaspflowuBe; 130° and an opposi ng coi
mounteql it o A QWelIRRioh39@Rd thr ough whi ch an
alternating current 1s passed for vibrating both flow
t ubes\s iAtlsuimabéley;dmidve signal is applied by neter
el ectronics 20, yia lead 185, to drive nmechani sm 180.
10 MéterS rg‘?é‘@ﬁ"%?yﬂyc@é 298 ei ves the RTD tenperature

RHea@ teff id FiRPorkidRal t8REb difRess of the flow meter. Stiffness is the
predominate parameter that affects the flow meter’s performance. In other words, if the
stiffness of the flow meter changes the meter’s FCF will change. A change in the flow
meters performance can be caused by corrosion, erosion and coating.

Equation (1) can be rewritten to reflect the stiffness:

m= G*(E])*[At—Ato] 2)
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drive el enent 180 and vibrate tubes 130 and 130'.
Meter el ectronics 20 processes the |left and right
velocity signals and the RTD signal to conpute the
wiess flow rate and the density of the material 15
passing through neter assegﬁkx 10. Thiis information,
al ony 1WA BROBEHE CORTHIE ARRRFIREH, WiFlka PARBHIFTSENY: net er
el echhoNLaSo’ MJARSs; gREh 26 to utilization nmeans 29.
Coriolis flow neter 5 is vibrated at its resonant

f r eqlisribymomeatofiivetinabl e fl ow neter 5 to neasure

and densityv. Th u [ n e
R, B AP
ekdhple, iff thel t8bé berotes sedhtiagiiteavd] thickkedsstht beea fhaament of inertia is

calibration factor; At is the tinme delay; and 25 At O
degedsid time delay at zero flow The FCF termis

pr opefd | ?ﬂﬁlwstaﬁar&!@s 360 fof 0838t ank RIECtdrbiAWHAR B8 G- meter structure

Stiffness is the predom nate paraneter that affects
chinges frow indiceted shanees by fhewm eae. Pﬁ%%‘t H¥xstagksrvpih the feteraination
stiffness of,the flow neter changes the neter's FCF
ofinlaks fitvamgte, m Ansitgamgbiplembdes if seps 2 10edndr220 fenf the delioeng
can. be caused by corrosion, erosion and coating. 30
AR on (1) can be rewitten to reflect the

stiffness: in=G* (EI') *[At - Ate ] (2) 8 WO

2005/ 040734 PCT/ US2003/ 030662 Where: Gis a geonetric

constant assb iated with a particular sensor; E is
Young's M utt s; (&hd | is)\the nonmehds of inertipds,5 The
area nonent bfl _izertig, |,| changes| when,t he &L (3)
flow tube ¢hdnges. For ample, if the tu&e C &fodes
reduci ng the, wal I\ thi ck , t helehea momeflt/ of ™

inertiais

When multiple modes are excited, either from flow noise or forced vibration, the
vibration of the mode will couple with the mass flow passing through the flow tube
causing a Coriolis response for each mode. The Coriolis response results in an
associated At which is used to calculate a mass flow reading for each mode.

Step 230 compares the mass flow reading for each mode. The resulting mass
flow rate must be the same for each mode. If the mass flow readings are equal, step 250
generates a “proper operation” signal and the process restarts at step 210. The “proper
operation™ signal can be in the form of a visible or audible signal to a user.

When a deviation occurs between the mass flow rates, which are outside of
acceptable limits, an error signal is generated in step 240. The error signal generated in
step 240 can cause various actions to occur. For instance, the error signal may cause the
process to be shut down or may signal a visible or audible warning to an operator who
then takes appropriate action.

The density measurements of Coriolis meter 5 are based on the following

equation:
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decreased. FIG 2 shows a process 200 for detecting
and differentiating flow neter structure changes from

w0 padsoat7ed changes in flow rate. Process 200 SPEF/US2003/030662
with the determ nation 10 of mass flow rate, in, using
mul ti ple nodes in steps 210 and 220 fromthe foll ow ng
equation: Onat G 1112 =Et inn " e &)~ )(Att I nA 1\
Ot At, 15 Wien nupti pfe nodes are excited, either
from flow noi S¥¥6r—fanced vibration, the vi br 4t on of
the node w Il couple wi'th the mass flow passi ng
WwWH¥&eugh the flow tube causing a Coriolis response for
each node. . The Coriolis response results in an

assotisthestifagessaf @hess@bl¥ed to calculate a mass flow

r eadjng 1fe0ha L3¢ hdReEnbIpt ep 230 conpares the mass flow
readi ng for each node. The resulting mass 20 flow rate
must f isehe frequsaepof escilletion andde. If the mass flow
readi n ar [ ep 250 generates a "proper
oper%isﬁg%pe%%%%mgﬁ % he process restarts at step
EQi&ionT(Ais'the eletion effiks eduation ofmgtial foc aningle degreeivd-ffeodem
of a visible or audible signal to a user. \Wen.a .
SYRRTal CRPOEAIRE MSIE AR (IR DS PY i SPanigh g auation
(/gr}gelghll side of acceptable limts, an error signal is
eénerated in step 240. The error signal generated in
25 step 240 can caugg vari®g actions to occur. S:or
instance, the error—sr Wcause t he proces@ to be
shut down or may signal'’d@ Vi $ibl e or audi bl e warni ng
to an operator who then takes appropriate action. The
density neasurenments of Coriolis nmeter 5 are based on
Wheefol | owi ng equation: 9

E is Young’s modulus;

1 is the cross-sectional moment of inertia;
G, is a geometric constant;

A is the cross-sectional area;

p is the density

f represents the fluid in the flow meter; and

t represents the material of the flow tube(s).

By rearranging terms, equation (5) can be re-written as:

pe=Ci7 - C, (6)
Where:
ET
Cl = Gp m , and (7)
c, =24 )

10
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WO 2005/ 040734 PCT/ US2003/ 030662 (4) Where: k is the

stiffness of an assenbly; mis the mass of the
waswsoii7gs 5 f is the frequency of oscill ati onPCENS2008/030662

is the period of oscillation Equation (4) is the

solution of the equation of notion for a single

degree-of -freedom system A Coriolis flow neter at

Thergsofnkiv dosstarepGig seadunds foy gameaen@parsinewrsaiiclesirabd RAgth and

4 i.el di ng: e: EI GG pf Af +p, 4 is Young's .
sl T onfis, g Kioirs SEETBRARS Mohribe Bimiehenragion
plSeeSs atiZBrAfl @R OARKG UETEaNFhARt ; A is the
cross-sectional area; Qrglls the density f represents

T

t he @i 3shaystarsoedssiprar detectingrnddifferpntiatiog flowtmeter structure

| f - ranghng terns.
B e g5, EBUULVRBER)0r80Pro G081 A0S S o
d@bsifsl, p, Gingm@@plermddes,in stefi23 (PindA20. Multiple modes can be excited

either from flow noise or forced vibration.

(D

Step 330 compares the density reading for each mode. The resulting density
reading must be the same for each mode. If the density readings are equal, step 350
generates a “proper operation” signal and the process restarts at step 310. The “proper
operation” signal can be in the form of a visible or audible signal to a user.

When a deviation occurs between the density readings, which are outside of
acceptable limits, an error signal is generated in step 340. The error signal generated in
step 340 can cause various actions to occur. For instance, the error signal may cause the
process to be shut down or may signal a visible or audible warning to an operator who
then takes appropriate action.

In addition to the method described in equation (1) for determining mass flow,
density can also be used to calculate mass flow. As described more fully in U.S. Pat. No.
5,687,100 to Buttler et al. of Nov. 11, 1997, a second-order flow effect on density term

is added to equation (6) resulting in:

2
pr= [CITZ ——Cz]~(m) FD ©)
Where:

;31 is the mass flow rate; and

FD is the flow effect on density constant.
The FD term is a constant for all flow rates and at all densities for a given mode shape,
however, the FD term differs for each mode shape and tube geometry.

When flow meter S is driven in multiple modes or multiple modes are measured,
multiple equations and multiple unknowns can be derived. For example, in the case of

flow meter S being driven in two modes, the density equations are written as follows:

po=lCurt - Cm]—[n‘i,jz FD, (10)

11
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PCT/ US2003/ 030662 The geonetric constant, GP, accounts
wo e0osQeBet ri ¢ paranmeters such as tube | engt h BeOMUS2003/030662

shape. The constants, Cl and C2, are determ ned as

part of the normal calibration process at zero flow

on two different fluids. FIG 3 shows a process 300

for detecting andpdifferentiating flow nmeter structure

5 changes fromchénges Gnl-i Wd)é’ ed density. Pfbldess

300 starts with the determnation of density, p,

Wasieng mul tiple nodes in steps 310 and 320. Multiple
nodes can be excited either fromfl ow noise or forced
vi bridf pdst medeshangy conpares the density reading for
each, #9deconiNfodShupd;i Ng density reading nust be the
same for each node.” I'f the density readings are equal,
st epc 360- ] 0isgr e ahederity Dsiggpaiodeper ati on" signal and
the process restarts at step 310. The "proper
oper@%&bbn'_c%sé 1&8le te@ichsty Widghtoded;m of a visible or
audi bl e signal to a user. \Wen a devi ation occurs
bet wwegdn theitenedtemsityt gorrestediforghe flodvieffectaomedensitysindesurdment; and

accept.able limt an er,r.or,, si-gnal.. i nerated in
o el et oy et B i AP R eeh PG nthent,
cause various actions to occur. For instance, the
error si gnal may cause_ the 15 process to be shut down

Egyatinny (197 aaehi 113 arpitaopnderendenidrngiteredingt. ahzee flgy, corrected
fogg%r A Effm,ouslj]ﬂém thE%RS SHRP F% glgd P&, %e%‘&hél?éhuai(l%s (fl(()))rand (11)

ition to the nethod descr n equati on
cagdteamombmiedgo ferss f1 ow, density can al so be used to
calcul ate mass flow. As described nore fully in U S.
Pat. No. 5,687,100 to Buttler et al. of Nov. 11,

1997, a secong-order flpw effeci on densityyterm 20

i s added to eqUat, eﬂz,,dﬁg]m,r @JFiG’]gb"l-n:Cbe’L{ﬂQj FD, (12)
pf=[Cr2-C2J-1m FD Wekre’ (9) a

For a single flow path, m, = my, resulting in a solution for mass flow as follows:

’ Py P
m, = |——4—2 13
# “\ FD, - FD, (13)

FIG. 4 shows a process 400 for determining mass flow based on density. Process
400 starts with calibration of flow meter 5 using modes “a” and “b” in step 410. The
calibration process establishes constants C;, and Cy, and Cy;, and Cy, using two different
fluid densities, i.e. air and water.

Step 420 determines the density values, p, and py,, from equation (6) above. Step
430 compares p, and p;, to determine if the density values agree. If the density values do
not agree calibration must be performed again in step 410. If the density values agree,
steps 440 and 450 determine the associated FD values for modes “a” and “b”. Once the

FD values are determined, mass flow is calculated in step 460 using equation (13).

The mofd value determined above can also be used to determine when changes
have occurred in the flow meter. FIG. 5 shows a process 500 for detecting and

12
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mis the mass flowrate; and FDis the flow effect on
density constant. 25 The FD termis a constant for al
wo bewoseBe£s and at all densities for a gi ven npdBUS2003/030662
shape, however, the FD termdiffers for each node
shape and tube geonetry. Wien flow neter 5 is driven
in multiple nodes or nultiple nodes are neasured, '
ditfifiekdritiptieg Howabdtersruatuck dhahgdsgiom indioatedrobanges ithow rate.
derived. For exanple, in the case of flow nmeter 5

PRREARS 00 skavR Wit tht WBteiid@iSon dffigase @0 rhie, C?Ha‘fdnomp 46eof FIG.
witten as follows: 30 2 z |~f a - ar Ca |-

4anMeIFB)a0._(1O) 11 WO 2005/ 040734 PCT/ USZOOS/ 030662 2 |
[CGb~b - C26J- Onb 42FDb Where: a is a first

rmdes&ia 36 calbulbes 8 198EORL niRE dofarRein SiGhaduadn-(1)Gd
IS pa, thetrue density using rmdea Cbrb2 - Cbis

c%l‘:]%%%{ & L4 f‘tor rmT d e%bé Y3345} ﬂ% ?ffremlﬁgé ate Eﬂfal Lfep&50

ec or t ect on de
gliAaES e"l?%er Ipethtiof?” {ifndl §nd {h% phéddss anst stys,te@cmoefpﬁeeqmper

the Tlow effect on density nmeasurenent.
opeyaéen”cgnal ) besindhq form of p &isifle of srehle pigato a@% ty
r eadmﬁ (%(/121{1?1[1 8cclfll.lré)g\étw8e%rtﬁg ﬁ‘fag O\I’ dadt \IJIJnaWare ou s1de of
ef f ect, dsin nce a anda , are equa
aﬁﬁ:pﬁiblednﬁit:{, hﬁ errang gfal 19 genelatbdﬁﬂ silep F90. r@rub drEr ﬁlgnahgemrated in

stgbé %(f:%l}a E:a?.ée ggtfo%é aé&cﬁ‘gl)t% 0('3c| é\'alfl gr?crz?athg eﬁ% s(lg%ai B}a%' c%%se the
p%ﬂcz% 8 W WhintQd wWidr B Ssgral 9Wisdbte b04UdMIS wakhirty to adk bBerbthr who
then takes appropriate action.

The py, and pg, values determined above can also be used to determine when
changes have occurred in the flow meter. FIG. 6 shows a process 600 for detecting and
differentiating flow meter structure changes from indicated changes in density corrected
for the flow rate effect.

Process 600 starts with calibration of flow meter 5 using modes “a” and “b” in
step 610. The calibration process establishes constants Cy, and C,, and C;, and Cy,
using two different fluid densities, i.e. air and water. It is to be understood that multiple
modes can be used and that the use of two modes in this example are for illustrative
purposes only.

Step 620 determines the associated FD values for modes “a” and “b”. Once the
FD values are determined, pg and pg, are calculated in step 630 using equations (10) and
(11).

Step 640 compares the density readings, pr, and pg,. The density readings must be
the same for each mode. If the density readings are equal, step 660 generates a “proper
operation” signal and the process restarts at step 620. The “proper operation” signal can
be in the form of a visible or audible signal to a user.

When a deviation occurs between the density readings, which are outside of
acceptable limits, an error signal is generated in step 650. The error signal generated in

step 650 can cause various actions to occur. For instance, the error signal may cause the

13
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etermned, mass flowis calculated in step 460 using
equation (13).pG Tpe ohffd.008dT)e @et er m ned abov@dran
al so be used to determ ne when changes have occurred
Wherehe flow neter. FIG 5 shows a process 500 for
detecting and 12 20 7 2 03/ 030662
di f f érén |egpfrﬁé'u?¥%?n er?g%&égqsﬁﬁggggégggﬁghges from
i ndi eal,¢d, GRRBGARBING Reihd RWaEate. O Process 500 starts
with the determnation of mass flow rate, nnfd , from
10 st ep(280s vtechhdxonsthnt wsing @ed&L0. O Step 520 cal cul ates
atradti I s flowrate, :nr, fromequation (1)
and blgdﬁigﬁ@%r%g?@sanﬁ fd and fnr in step 530. If the
mass Tfik dw tewpelangsoxhe naguial flowt ep 550 generates a
“proper. operation" signal d the .process restarts . at,
Usirgnaltipe mpdes: (P dpsanere st dis ppteri i Fah e gsaiapod g
ehMiBnqiL 4R por 2kBhSle AsiUolh&des bOBRratidd, Sudties (14Y6aMb&
evi ati on occurs between the nass flow readi ngs, which
15  exprgswedias twe egfatiopscept abl e linits, an error signal is
generated in ste O, T or, signal generated i
10 step 540 caﬁl% ugé (%1551%8@@3 ions to occur. Forrhs)
i nstance, the error signal may cause the process to be
shut down or may signal a visible or audible warning
to an operat or ppa@,, @R Ot0OR4E)+afpr opri at e action. (16)

20  Since p; and p, are equal, equations (15) and (16) written as:

C,,—C.
(1-0.00047)=—2 21 (17)
Ci7y ~ Cnt;
Solving for T yields:
r=(1-—C=2=Cu | 1 (18)
C,t2 — C,,72 }0.0004

FIG. 7 shows a process 700 for ascertaining material flow temperature based on
25  multiple mode density determination. Process 700 starts with calibration of flow meter 5
using modes “1” and “2” in step 710. The calibration process establishes constants Cy;
and C,; and C,, and Cy, using two different fluid densities, i.e. air and water.
Step 720 determines the density values, p; and p,, from equation (15) and (16)
above. Step 730 compares p; and p, to determine if the density values agree. If the

30  density values do not agree calibration must be performed again in step 710. If the

14



The pfa and pt, val ues determ ned above can al so be
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the density readings, pfa and pt,. The density
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density readings are equal, step 660 generates a
“proper operation” signal and the process restarts at
step 620. The "proper operation” signal can be in the
formof a visible or audible signal to a user. Wen a
devi ati on occurs between the density readi ngs, which
are outside of 30 acceptable limts, an error signa
IS generated in step 650. The error signal generated
in step 650 can cause various actions to occur. For

i nstance, the error signal may cause the 13 WO

2005/ 040734 PCT/ US2003/ 030662 process to be shut down
or may signal a visible or audible warning to an
operator who then takes appropriate action. Miltiple
node density determ nation can also be used to
ascertain the tenperature of the material flow
Density, as a function of tenperature, is expressed 5
fromthe following: P'" = Cl1, * z2 (1- 0.0004T) + C2"
(14) Were: p, is a tenperature conpensated density
using node n; Cln is a first constant using node n;
10 C2n is a second constant using node n; i is the

t ube period; and
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Tis the tenperature of the material flow Using

mul tiple nodes, the tenperature of the material flow
wa@ansloe7ascert ai ned using equation (14). For PXBEDPL083/030662

usi ng two nodes of operation, equation (14) can be 15

expressed as two equations: p,=Cl1*z2(1-0.0004T)+C21

(15) p2 = C12 * -c' (1 - 0.0004T) +C22 (16) 20 Since pl
Vﬁmﬂam are equal , equati ons (15) and (16) witten as:

(1 % 98T R o et AR T, SO e s
of18) f 11 112 2 FIG 7 shows a process 700 for

ascertaining material flow tenperature based on 25
nul t PPEnipBae fpeneite geseraated yith stdholesirg) medss 700

star gﬁaﬂ;&& tﬁé‘hbx? Qt%%%goc?#ﬁci lvﬁﬂ’e { &kirdd M3EQ IS

"1 Inste call ration process
est abétbcﬂhgancmms tmwmrﬁtﬂponamﬂto@mmndg QA e chtdS2Bsociated
Vﬂg‘ltnh glfferent fluid densities, i.e. air and
m956 det ermines the densi ty values, pl and

from equation (15) and (16) above. Step 730
corrpares pl and P2 to determine if the density_ val ues
2agr edhe prethodeof chign d dpghar poparisiag thestapat siggpling the error
e m?t[atl on nust be perfornmed again in step 710. If

4 WD 2005/ 040734 PCT/ US2003/ 030662 density val ues
agr ee, step 740 determ nes the associ ated tube period

| "1 .onc i od
Syal udomaPed TRTaRtREs PPCmar itk B0 Rbdt alBiridie the seps
o8t ep 750 using equation (18). 15 WD 2005/ 040734

PCT/ US2003/ 030662
determining a density of a material flowing through the flow meter associated

with each desired mode;
comparing the density values associated with each desired mode; and
detecting an error condition responsive to comparing the density values

associated with each desired mode.

4. The method of claim 3 further comprising the step of signaling the error

condition.

5. A method for calculating a flow rate of a flow meter using multiple modes,
comprising the steps of:

calibrating the flow meter for each desired mode;

determining density of a material flowing through the flow meter associated with
each desired mode;

determining flow rate effect on density value for each desired mode; and

calculating flow rate using the density values and flow rate effect on density

values for each desired mode.

6. A method for validating a flow meter using multiple modes, comprising the steps
of:
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W claim 1. A nethod for validating a flow neter
using nmultiple nodes, conprising the steps of

waledosomi7ad ng a fl ow rate associ ated with each PeBUSEA3/030662
node; 5 conparing the flow rates associated with each
desi red node; and detecting an error condition
responsive to conparing the flow rates associ ated
W t headibeiing €wi fleed meted dor e2ch ddseedratoded of claim 1

condIETBRBOR AL h Atk o e e o her e gpeiaad with

eathidegrdilthédep! € nodes, conprising the steps of:
deternmning a densité of a material flow ng through

t he 99'SWiNRE dpWadissEehadlensity \plniopersh dgaiadraerlaraise;
co ”P@aﬁauwmgfea;emg%m Io?)é(? eésgl{lgiutﬁg d%f}s%@%ﬁ%?%&"ﬂ&b 58€8ect on

desired no rror condition
dersgponluestor trhalssipalodp; t he density val ues associ at ed
with Z% h. desir%ﬂ deT 20 4. }Il'he ntEthﬁ of claim3

f ur t A EBRSFY ﬁ“ﬁlg SHE DS GhAP? i he error
condidmpafing the fhst@iiResbntidowcatesdmdt i ng a flow rate of
a flow neter using nultiple nodes, conprising_the

st epiet?%mg 81 eHgY ¢ORARION KesPPREVe tosipmmpating the Sirstagd fhe second
nd6&shikged node; determ ning density of a material

flow ng through the flow neter associated with each
desired node; determining flowrate effect on density

val for,each .desjired node: .and, cal cul.ati.n | ow
7 ot oFnRby S REelRERE Fithel Rt e SRR S R R e e,
colesonty 30 val ues for each desired node. 6. A nethod

for validating a flow neter using multiple nodes,
conprising the steps of: 16 WD 2005/ 040734

8PCT/ NSO 830867tk NBHahdit%std¥embkipy IH&ie@,rqo‘}tlﬁﬁisﬁl@ Gk steps

Ly
desired node; determning density of a materia
of:!l owi ng through the flow meter associated with

calibrating the flow meter for each desired mode;

determining flow rate effect on density value for each desired mode; and

determining a flow rate compensated density of a material flowing through the
flow meter for each desired mode;

comparing the density values associated with each desired mode; and

detecting an error condition responsive to comparing the density values

associated with each desired mode.

9. The method of claim 8 further comprising the step of signaling the error

condition.

10. A method for calculating a temperature of a material flow using multiple modes,
comprising the steps of:

calibrating the flow meter for each desired mode to determine calibration
constants;

determining a tube period associated with each desired mode; and
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each desired node; determning flowrate effect on

density val ue for each desired node; and 5 cal cul ating
w@2dos0s1734 | ow rate using the density val ues anpiCT/U82003/030662

rate effect on density values for each desired node;

calculating a second flow rate using a phase or tine

del ay; conparing the first and second flow rates; and

det ealculuing thegempaeratorenefiattheo mategighHors nwiag the edibpéion pepstants

t r st, and e.second 10 flow rates. 7. The nethod
angfquelﬁ‘?%r d ??ﬁcflﬁﬁregﬁ%ﬁ sing the step of signaling

the error condition. 15 8. A method for validating a

flow meter using nultiple nodes, nprising the steps
1of e%ﬁyqurwgllg%@gﬁ|w Wéteéﬁsmgamugavé%maégﬁa FRBPHRE

det each
et T e o o R ot e
densneans §r campatieg tha Iﬂoﬁvl 1eigs mgpotinted irgith ¢akk desh@dmhasigs and
meter for h .desi

Vel RS SRR i R fon EOPPRY 1o sbBafiy e b rates
addediasd Wil cath @dsired me@d)di ti on responsi ve to conpari ng
the density values associated with each desired node.
25 9. The nethod of claim8 further conprising the

?t eprifs g?ﬂeﬂﬂ?ﬁc!aﬂg 14 BErIfs: %%pnéiﬁ%“ﬁieﬁﬁ%r S%Qah th®thad

or calculating a tenperature of a material flow using

condlitidnpl e nodes, conprising the steps of: 30
calibrating the flow meter for each desired mode to
determi ne calibration constants; determ ning a tube
1per i Adyass a6 alidsting o flove aeter dsiag hﬁﬂtlpm dedes oombdsikid

2005/ 040734 PCT/ USZOOS/ 030%562 ca | at i ng?tgcle
t enperEsdpiederinas e deasita P amafqr@mwnﬁg fgh the flow meter
sga&lbt*ea%eh%cﬁe&ﬁr:@ﬁfoae and tube period for each

esired . A system for validating a flow neter
usi ngeans|foi gsingparinglthe, densiypralusk agpociatdgneach desired mode; and

(rjrgfj gﬂlgénglfn Igde%ectcmg W ER6% A3 R0k '1*%{351951\\/@ & Qo&%ﬁpnéjﬁ’é 'dEl%‘#ty

values associated with each desired mode.

14.  The system of claim 13 further comprising means for signaling the error

condition.

15. A system for calculating a flow rate of a flow meter using multiple modes,
comprising:

means for calibrating the flow meter for each desired mode;

means for determining density of a material flowing through the flow meter
associated with each desired mode;

means for determining flow rate effect on density value for each desired mode;
and

means for calculating flow rate using the density values and flow rate effect on

density values for each desired mode.
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means for conparing the flow rates associated with
each desired node; and neans for detecting an error
wa@eovdioti7eh responsi ve to conparing the fl ow r aP@sUS2003/030662
associ ated with each desired node. 10 12. The system
of claim 11 further conprising nmeans for signaling the
error condition. 13. A systemfor validating a flow
loret & systannipr validatipg @ flavdmster exmgpminipheymodeseeamsprising:
det 1.0] j | f 10w t hr ough
t he %gvforqrg}? @?rgt?@héégg);rf@? 12%% \%II Clh %iesé%ec m%ééegi red node;
me amseahofor derpaiminpylenkiey sfnaateyial\frivirg thacphehailes mdtérh

each desjre de; and neans for detecting an error
as3QsiAied WER e hdssid WRI% o conparing the density val ues

assQ&dat B ddictRin@acHow et bRt BR6nsitg Qalld forlddth ¥k Mode;
of claim 13 further conprising neans for signaling the

andrror condition. 15. A systemfor calculating a flow
r at f i Liiple
corp iy R chEMalEL £t ToRda sl PhE SR Bt oy o
effeot oredaiityl esluesefdr emtielesiradlansdef or det erm ni ng density
of a matg}rﬂicgd f|.owm ng tgrou h the flow nmeter '
assGRTAE B cqicRBR R AeRd PR detrgag 2baseorighe delay;
det _@ﬁéﬂl@fdﬂ%ofdp%dg' b ¢irf fah&SdcoN 1180 RS ¥ny al ue for each
desired node; and 30 neans for calculating flowrate

usi reeaph or detestingangraieenditien fespisivaie canpasing thpfirst and the
| ues for each desired node. 18 WO
Segﬁg@%‘%ﬁ% PCT/ US2003/ 030662 16. A system for
validating a flow neter using nultiple nodes,
0 i Si ng: ang for, calibrating t f.lo ter for
R R T R R S R R A Ly
comBitenl al flow ng through the flow neter associ ated

Wi th each desired node; 5 neans for determ ning flow
rate effect on density value for each desired node;

L P M S e e
off or each desired node;

means for calibrating the flow meter for each desired mode;

means for determining flow rate effect on density value for each desired mode;

means for determining a flow rate compensated density of a material flowing
through the flow meter for each desired mode;

means for comparing the density values associated with each desired mode; and

means for detecting an error condition responsive to comparing the density

values associated with each desired mode.

19.  The system of claim 18 further comprising means for signaling the error

condition.

20. A system for calculating a temperature of a material flow using multiple modes,
comprising the steps of:
means for calibrating the flow meter for each desired mode to determine

calibration constants;

19



means for calculating a second flow rate using a phase
or tinme delay; 10 neans for conparing the first and
W@ ewsieh784 ow rates; and nmeans for detecting anP&r/U82003/030662
condition responsive to conparing the first and the
second flow rates. 17. The system of claim 16 further
conprising nmeans for signaling the error 15
condierhofer datgrmiping pdrleaperiod ageociathsh wilgeash desved meadsi and
usi n el .Sl -
For 1ol b HREEE R i e B3 ol AR Shracion
coRQarnte andtube peribelt for edchidagrddlmoder at e ef f ect on density
val ue for each desired node; neans for determning a
flow rate conpensated density of a material flow ng
through the flow neter for each desired node; neans
for conparing the density val ues associated with each
desired node; and neans for detecting an error
condition responsive to conparing the density 25
val ues associ ated with each desired node. 19. The
systemof claim 18 further conprising neans for
signaling the error condition. 30 20. A systemfor
calculating a tenperature of a material flow using
mul ti pl e nodes, conprising the steps of: neans for
calibrating the flow neter for each desired node to
determ ne calibration constants; 19 WO 2005/ 040734
PCT/ US2003/ 030662 neans for determ ning a tube period
associ ated with each desired node; and neans for
calculating the tenperature of a the material flow
using the calibration constants and tube period for
each desired node. 20
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