METER ELECTRONI CS AND METHCODS FOR DETERM NI NG ONE OR
MORE OF A STI FFNESS COEFFI Cl ENT OR A MASS CCEFFI CI ENT
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The present invention relates to a neter electronics
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excited in one or more vibration modes as a material flows through the conduit, and

motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
transducer locations. Two such transducers (or pickoff sensors) are typically employed
in order to measure a vibrational response of the flow conduit or conduits, and are
typically located at positions upstream and downstream of the actuator. The two pickoff
sensors are connected to electronic instrumentation by cabling. The instrumentation
receives signals from the two pickoff sensors and processes the signals in order to derive

a mass flow rate measurement.
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Another source of inaccuracy in a flow meter is a build-up or coating of the flow
material within the flow conduit or conduits of the flow meter. The build-up can change
the mass of the meter assembly, and consequently can affect mass flow rate
measurements and can affect the measurement of other flow characteristics. It is highly
desirable to be able to detect and/or quantify any flow material that is clinging to the
inside of the flow conduit or conduits in order to maintain a high level of accuracy in the

flow meter.
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A method for determining a stiffness coefficient change in a vibratory flow meter

is provided according to an embodiment of the invention. The method comprises
vibrating at least one flowtube of the vibratory flow meter at a first time instance t1 and
generating a first tube period 1, ¢ for a first flow material m1, vibrating the at least one
flowtube at substantially the first time instance t1 and generating a second tube period
Tma for a second flow material m2, and determining a first stiffness coefficient C, at
the first time instance t1 from the first tube period Ty 41, a first density pp; 1, the second

tube period Ty, and a second density pmpy. The method further comprises vibrating
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coefficient Cy and the second mass coefficient C,p, in order to determine if a mass of

the vibratory flow meter has changed between the first time instance t1 and the second
time instance t2.
Aspects of the Invention

In one aspect of the meter electronics, the first flow material m1 comprises a gas
and the second flow material m2 comprises a liquid.

In another aspect of the meter electronics, the first flow material m1 comprises

air and the second flow material m2 comprises water.
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In yet another aspect of the method, the stiffness coefficient C; comprises C; = (p

ml = Pm2) / ((Tm1)2 -(z m2)2)'

In yet another aspect of the method, the method further comprises generating a
second stiffness coefficient C 4, at a second time, comparing the second stiffness
coefficient C; p, to the stiffness coefficient C;, and generating an error condition if the
second stiffness coefficient C, , differs from the stiffness coefficient C; by more than a
predetermined stiffness tolerance.

In yet another aspect of the method, the mass coefficient C, comprises C, = Cy(t
mz)2 - Pm2-

In yet another aspect of the method, the mass coefficient C, comprises C, = [(p m1
- Pm2) / ((@m1)? - (€ m2)*)] (Tm2)’ - P
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a stiffness coefficient C1 o% a vibratory flow neter
Detailed Mesgriptiomof éabbiiemtion of the i nventi on.

FIGS. 1-6 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple 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 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

6



FIG 5is a flowhart of a nethod for determning a
mass coefficient C2 of a vibratory flow neter
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a flowhart of a nmethod for determning a stiffness
coefficient change and/or a mass coefficient change
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oo kit Pl el IV R Akt 808 ke v e
maBgiig Mbtieh Healdl fA00%0 bytlﬁhmcﬁubbtaﬁiﬁﬁﬂy the same mass distribution,
moments of inertia and Young's modulus about bending axes W--W and W'--W',
respectively. These bending axes go through brace bars 140 and 140'. Inasmuch as the
Young's modulus of the flow tubes 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
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The side legs 131, 131' and 134, 134' of flow tubes
130 and 130" are fixedly attached to fl ow tube
wOoRwWniesg2 bl ocks 120 and 120' and t hese bl ockspPCT/HS2005/036201
turn, are fixedly attached to manifolds 150 and 150'.
This provides a continuous closed material path
RTDhis g irCo miedl] lﬁmwmmehhoslehyernbﬂey etpotronige A0 o aergpensaafor the

B e A 576152 S e BB M o
terrgﬁ%tufehomRT’b' is Romdcid £ hber BleegESies 1B fefrléeﬁi 1991at is

el ng neasured, material enters end 104 of the neter
t hr Bothflaw tobésf li30eanddB O aref draregedyldidverd 86 am dppd)sét@ directions

t hroygh manj fqold 150 to_flo ubermntln
abayh (heiigrespeqitve eadipg gxeswy ap ‘%ﬁlid aj iy Fﬂ%‘? fb&érﬁﬁ Qt-of-
phds® behdindiflodneh O of 33%“%%’%2&*2?8?‘% corise any
ond 18 iah wellskniodgoartdnpethents, such 43¢l @aghdtensonted to flow tube 130" and
mani fold 150" and is thereafter routed to exit end

an mmsmgwmbmogatewo ﬂ%@@eﬂéﬁ and4hronghydrieh ap phernang current is

ro S FOSBEREE R0 500 RO oS 3obIR o

eleéﬂr&wcé g@%matllsrsgtdo&wﬁmmlﬁﬁq8@20 so as to have
substantially the sane nmass distribution, nmonents of

i neMata dmw(msr@ rceivesithesR BRdempiatite nignakes 1aad- 185, and the

et LR e iboerhg S BT 030 BTSGRC AR vt
e1et5@8'ﬁiwgo %Eo& g; {He UM Ve Uhia S ggé%gvaﬁ Rad @gp% aﬁ% ElenRAF180 and

IS C ge affects the cal tiron of flow and
vibdeta suties, 1 30emid B30V eMemplicabnics 20que«‘xtsmss thRTdZﬁ ad®fightsvelocity
nmounted to flow tube 130", to conti nuousrgil measur e

h
SIgn@lﬁr@ad s REDoviznal do prwRuic be mash dopermornd tedensit erthg material
peh S ARG ARREEILI 1ALUAREnARRRILAS, AR 8 ltmation, i

apﬂiéﬂﬂiyﬂ‘ﬁ@teblélécﬁ@ni‘c@ O ek T%fitﬁ 26fto ﬁﬂﬂzﬂf@drﬁﬂe&hs passing
throgéh the fl ow tube. e tenperature dependent

vol FHge2 slppeathc meteceloesonipeddrarqosding del an gmpogighent of the

e, LB L L, S0 S AP B
sysjcéﬁ 208 uﬁ“h%‘%né’t@ﬁ’ec}ﬁﬁ%}ﬁ&s'ZO fbc@iv%g\’atvlﬂlﬁ%tlbﬁmgiﬁﬂﬁl% 81 11-9Et51§h as from

is connected to neter electronics 20 by | ead .
theBnétbr fdsembly besfod 8curapld. T36'meteeeldetromsos BY prircesses thkB@brational

[ h
L R TR T X -

the bt epma T%g&”ﬂ{ 9&1&8&' qn%e e fl RN off R Oy aczﬁd%}ﬁﬂfo e

I‘ Sse any one O
inv@ﬁﬁ&ﬂ,@ﬁﬁﬁfﬁr@ﬁo@w pézpaﬁseaa ITeig raﬁsb pfomtsaﬁmt «jrdéﬂ tovddtethine meter

coelf?icc)ien’?sr.] dSpeciﬁcally, the vibrational response 211 can be processed in order to
determine a stiffness coefficient C; and a mass coefficient C,, among other things.

In operation, the meter electronics 20 receives a vibrational response 211 and
processes two or more such vibrational responses 211 in order to determine a stiffness
coefficient C; 213 and a mass coefficient C, 214 for the meter assembly 10. Any two
distinct flow materials can be placed in the meter assembly 10 and the meter assembly
10 can be vibrated in order to produce a measured vibrational response. The two flow

materials should be substantially distinct in terms of density. Two effective flow
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an opposing coil nmounted to flow tube 130 and through
which an alternating current is passed for vibrating
whodo/oddsew t ubes. A suitable drive signal is apEl/usmong36201
neter electronics 20, via lead 185, to drive nmechani sm
180. Meter electronics 20 receives the RTD tenperature
mategala forothid pradesk$Be a gatlandhe likpeidy suahdasrdiyind wetepclor yxample.

si ghal s, appear i .on | eads 165L and 165R,
HoSE Rt eeow MAPHHS sPLB e cs 20 produces the drive
si gNRhoRRRRBELRG RN E AwIBHAdS Qredtﬂeﬂ%ﬁﬂh%'lﬁﬁéit%%ﬁib%’cﬁm,

vi brate tubgs 130 and 130'. Meter el ectronics
wipreiadhs gs/ention ked persmate mhghtimatd @tthe gersiog staffsesaradd miess. The

.RTD signal to conmpute the nmass, flpw rate a the . .
Stlg‘gﬁ%ﬁffl agyremer GRS NS t%%@}%ﬁ%@@ﬁm?@ An F@%@Wﬁ%@%ﬁl&m Factor

) LS. d F{r@&nj I | aqnformation, is

(Fg:g%w ?ggﬁb%/sgfrtre er e ecsteraclgﬁ?%tgw g@%t:‘tﬁ{glgt 26 to

ut i IThesihvertioreid Bizn@cant bézaude ftvmablet kige metee klectronics 20 to

el ectronics_20 according to an enbodi nent of the
perieyars llow calibeation fagtordaenipatien wihoubperfasaing an gefual flow

-nterfac 0 i 31 r
ol PRBEPIER P B BEE SRS BT b o
otiStGRedal éc[&ﬁi‘n%ﬂteor"%bﬁﬁl 85198 MThis id Qesitdble BEBE & mehh€to perform
nmeter el ectronics 20 processes the vibrational
a flew pelibratidn id notralwaykepossibloin thie dicld,dwt etcasa bt ayd Huids dor the
of. the.flow material flow ng.through the neter
degity ’_rtiyati?ﬁ lslg?nﬁ’&ﬁ?’teﬁ%t,oq ‘e neter electronics 20
accof dimiGietRodd Bar BY B Rrbrddiht® iMhliFAL HRNAVedtRHP ORShafural (or
11 is al’so processed In order to determne neter
resopafif)ifcdquehsy f Speiddle degrge of freedormrsgttennan bessipoessed 2s:

11 can be proc in order to determ ne a stiffness
coeff.icilenf C1 &d a nass coefficient C2, anong ot her 1
t hi nés_g mperaiion, the meter el ectronics 20 O

recei ves a vi‘irat"@f4l response 211 and processes two
or Vi R QIS Jethb MoWEEE iaf 1
det e@%ﬁ%hgqgaéﬁ#%eﬁgﬂés cg’e%?% entﬁ%%S 213 ar?d a riaagg Misteia 18
the ak$ oftherflovCina?dribl imthet fiewtube e it canderdeby frbth equryionhyid) that if
distinct flow naterials can be placed in the m?ter
Wi

themegaristijiness Kirhanges, therasasgeddrgaupnanrespanssd willshenge in error.

; | . . ¢
T PesSEC e LR o S PRBL S B SO RORRE o o
métessi Pely dtherd BoWRhabcEasdst derivinaraeh tiRcfrégtRncy and/or density will

flowmaterials for this process are a gas and a |iquid,
alsuesthibis a slegradad aopresy, for exanpl e. However, ot her

fl ' b A | . '
1 v urasStaie TBBuae bRl Pirunadn erog) T 0 divisly oh e AW materia

Pm%elrrﬁﬁlﬁgii_g§ b’:y MNEPSLAR  BPHREMAK RhfeBAl. %‘b%ﬁ'ﬁﬁﬁg ois ke equation
§€fisor Stiffhness and mass. The |
(1) produces:
1 K
= 2
f 271' \/M tube + p material V ( )
Equation (2) can be solved for fluid density, yielding:
K 2 Mt {/
— — nbe 3
Py’ Ty 3)



stiffness neasurenent can be used to determ ne changes

in the Flow Calibration Factor (FCF). The nmass term
wean7loesused t o detect product buil d-up. The | POBOE10051036201

is significant because it enables the neter

el ectronics 20 to performa flow calibration factor

det &fare nas thertube perded (iperthoraviprgcalrofdbe tibe frdquancy, T= 1/). It

| ibration test bl es .an FCE determ na
cali e et L alip ) A dersiGt Anlebe BiHor o BF wibe period
thl%ﬁgre PWE '&Beﬁfewﬁ?@ CTRis eﬁhérﬁﬁcan-raﬁéébé SriRfiasabl e because
ans to performa flow calibration is not always

poss,bbJ(eTFnazhe field, but access to two fluids for 4)

t he denS|ty Calibration is general ly easy to achieve.

A sikmpineequatien (£ait dae bﬁsseeh that ercHangetio the stitesatceefficeent C; will

i nvention. The natural, resonant) fr
cayserf) %T%@rae@ewrﬁj é%toaﬁn@éﬁ{ablss gg%ﬁﬁ @aesgscoefﬁcwm Cy

: [

i R il 1 Bl ﬁ%@%ﬁa’f‘“ﬁ@?%%m
vitratiendlaksponsé.he fiow ube. It can be seen from equati on

(1) that if the neter stiffness K changes,

meashdreddrst eesgfieient,Cr s<PipRgE relatgdtp & ChahaCé@raSéxc of the flow
m'l{hrerefore changes in the nmeter stiffness K can result

T'H g@ed accuracy of the flow meter 5. Any other
flow char@ct eristics derived fromthe frequency and/ or
dens@ltywvr—g al so exhibit a degraded accuracy. The
mass of flow material Mmateriai is equal to the

densrﬁeyefefe festifRus H@éfﬁ&ieﬁ{ c?eﬁs BE uddd tmﬂetérﬁhh@dfh%er the Flow
the volume V of the flow material. Substituting this

Calibtraticegirctorofl GF) hap cloahged oveEjmat athe EOF isalireody selateddo
for fluid density, yielding: K p: t".2 --tube (/
Slﬁ?‘%ﬁ'e t is the tube period (i.e., the reciprocal of

th :
eqﬁa I on %%(f&%@tg l)éﬁé 1c?e néﬁfc%ly riélté"eﬁzf?gl?ﬁgﬁt A ttﬁg T%etaraassembly

100fTHe s conbeogificieatCs bomapgiest wo coefficients. This
equation can also be witten as: P=ClL 2 - C2 (4)
Fr orgjegLMtul}eon (4), it can be seen that a change in the(6)
stiffhessycoefficient Cl1 will cause an error in a

measured density if the original values for the
sti rlfhmsssc@@fﬁmmt@ntca@be(@nd tq d@teﬁﬁm@l dﬁ@@mn@: tleengesy) the mass

of the m%tse?%sée(r)nb(i BmP%tr %xgmgleenSI lenge 1nlﬁ$e setond cSefti c1entc C, over time

can be used to determine whether a flowtube is being coated by the flow material, as a

coating of flow material will change the mass of the meter assembly 10. A coating (or
any other retained mass) will restrict the flow in the flow meter 5 and can reduce the
accuracy of any flow measurements. "

The first and second coefficients C; and C, cén be determined by noting the tube
period for flow materials m1 and m2 of two known, substantially distinct densities. The
solution can solve two equations for two unknowns. The stiffness coefficient C; can be
determined as:

(Pt — Pu2)
C — m m (7)
: (7311 - 7;2 )
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vi brational response. The first coefficient Cl is
directly related to a stiffness characteristic of the

WO b@womesser, conprising: Q= - - (5) Theref or epCT/H82005/036201
stiffness coefficient ClL can be used to determ ne
whet her the Flow Calibration Factor (FCF) has changed

overHére)y8,, ifshd dwsftof b Sirsti fl@e lateriadnal, ag, isathe corresponding tube
stiffness. The second coefficient C2 is directly .
perigfl fprcthetiyst Hew mpajerigmi ta ptherdensite abp yecpnd figye material m2,
co fficiant ' :
w5 O B 57 GOTRY 38 0 g PRI houia v

undefsesod thet BN andes? ten thapiBssyofvd HewtRitefiale Ha el syibstantially
10. For example, a change in the second coefficient C2

dissinst densitiese drorissampled ifi the densitied didfenhgahloastd).1 igbws thsa the

cop ISR s PPAICA AR b RIS R TR L] ReERE it bsBinple, the
ﬁﬁ?fﬂ&ﬂ’%é’teﬁ&l- mf\ c&R8bnBEsd 8 badiyd SleBEoAEH SN IBSARMSH? can comprise

[l restrict the flowinthe flow neter 5 and can
a ligdd der vibe vaselrlacnottier argmplepthenfrat flowmeatedal Mhean comprise air

first an econd coefficients, CL and C be
ang 4hE SRR AIEE AT f76 SR S5ar g Kooy onderstood that the
ri c 0 ant-ial ly
obfF% FobniucHiel P gllertie SHBpIEPM A IRELRMS o
equarheomass cveffisiontu@k oavbes furliiee skhplifietess coef fi ci ent
Cl can be determned as:Here, pm is the density of a
firs€, H@w mapgrial m, tnl is the corresponding tube (8)

period for the first flow material m, pn2 is the_
densCensegtienslys dwotidifesbopatieient @l 2k and e massipefliciemd s, 214

e EIRERIT SRS LRSS SRRl FRLEL] i

fof AMRA S0 D hdBeridl oW1 RdSh? AT @Vh B B&RhARkAIRkteyneeded in
distinct densities. For exanple, if the densities

ordérf tbesolveytwat equatists fr twg/unknowhsg s pheviowsdy tiscusads Iitaddition,

thgggefgég%?ﬂn@%ehe?{é%ﬂh%aﬁgfyangp o?‘ 1*(3?1:‘;;1(;21"5esdfl}‘;1 ‘c:igt%{‘rln{n%drir? order %g detect

stiffness and/or mass error conditions.

In use, the stiffness coefficient C; can be tracked over time. For example,
statistical techniques can be used to determine any changes in the stiffness coefficient C,
over time. A statistical change in C; can indicate that the FCF for the particular flow
meter has changed.

The invention provides a stiffness coefficient C, that does not rely on stored or
recalled calibration density values. This is in contrast to the prior art, where a known
flow material is used in a factory calibration operation to obtain a density standard that
can be used for all future calibration operations. The invention provides a stiffness
coefficient C; that is obtained from vibrational responses of the flow meter and known
flow material densities.‘ The invention provides a stiffness detection/calibration process
without the need for a factory calibration process.

The interface 201 receives the vibrational response 211 from one of the velocity

sensors 170L and 170R via the leads 100 of FIG. 1. The interface 201 can perform any

necessary or desired signal conditioning, such as any manner of formatting,
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first flow material m can conprise a gas and the

second flow material n2 can conprise a liquid (or vice
W@ e003@a)e541 n anot her exanple, the first flow naP@r/Ust005036201

can conprise air and the second flow material nR2 can

conpri.se water. It should be understood that the above
e drulieriagasts. dilicspatiiele samsi el ofifhe sigaaleanditioning can be

i m.ti T C fici ent C2 can be further
peéfp%%épﬂggpggge%ﬁg?ﬁ&g{% 2 - Pn2 (8) Consequently,

t he I8 bilfitivRstheGARELE RONtardnablScanniniteitiohS Between the meter

coefficient C2 214 can be determ ned by generating

electroaics 20i andsxteranldlevineai dinadntetface 2@k ear bg cahehks afasy manner of
1f?r at Ieaﬁt two flow materials ml and n2. Two or nore
elee O P e L VHPIESHEUBRYIIAIG - der to sol ve two
equaticqiferfael 201 HAKBABBSim RS IS RIPIRUS Y adliSEiPeS@8t shown),
In addition, the coefficients can be periodically
whenelhdhe sapensigdblycongirsesranevalpg sense sighal. dEedigitizer samples and
.St.iffness and/or, mass error (C:iond'ti ons. .In us.g, i he
digitizes areanalep uiratiqnahiespanse ARdipeodyags faqdigial vipratonalgsponse
2lgxarrpl e, statistical techniques can be used to
eterm ne any changes in the stiffness coefficient Cl

oV eITHei procesfingtsabiest 203¢omciangperationd of de met ekteonics 20 and
that the FCF for the particular flow neter has .
pregessrytpw measpiginents Bempheodpweanetsr asserrohed@. The processing system

oefficient Cl that S . [ e n Qr [
205 B R ST 1 Bl P SRRl S BBeehl it he fow
médiich@sits infortiBetofirb@iceddte, orhGe v kRaWBtefikigwy. mat er i al
is used in a factory calibration operation to obtain a

densliheyprecesmiggrsysteha?03cean dompresech ganeralipurpase gomputer, a
cal i brat.ion gtgeratli ans. The inventjon q%rgmfi des a ed
MIGHQPFPCRSSINE SYIPRY il QFHf CEFULHYSOME YRTHMEER! PHERASC or customize
Lr:at i f t ;
R S b L SO
prolessiag idenices| The ptacossing Dcess 208 thoiricltdeweanyaadndepof éntegral or
factory calibration process. The interface 201

indepepder slackronis $otage sipiumesish 38 shostorage sistemelMF t he

\Iéle lc;‘%% &qr%gg ?ﬁ{té;i}l #ég lécaél 8%%1 ﬁ8§ ﬁ% L i)gﬁeanlle;t;@rg %n& (agtaogoftware

_ | ce 201 can perfofm any necessary or
ro@@sds! €shstdr Ratues,amdiviakiableRGlues U Th 08s edibybdifBéiSthe 8forage system

formatting, anplification, buffering, etc.
20Alingndes jowtings thebare eaecuied by the preceisgigatysteonaddd.isuah agya
cog&ﬂ:ign% routine 210 that determines one or more coefficients for the flow meter 5.

In one embodiment, the storage system 204 stores variables used to operate the
flow meter 5. The storage system 204 in one embodiment stores variables such as the
vibrational response 211, which can be received from the velocity/pickoff sensors 170L
and 170R, for example.

In one embodiment, the storage system 204 stores constants, coefficients, and
working variables. For example, the storage system 204 can store a determined stiffness
coefficient C; 213 and a determined mass coefficient C, 214. The storage system 204
can further store a pair of the same coefficients that are determined later in time, such as-

a second stiffness coefficient C12 216 and a second mass coefficient C,, 217. The

storage system 204 can store working values such as a first tube period t; 220, a second
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performed in the processing system 203. In addition,
the interface 201 can enabl e conmuni cati ons bet ween

wo b@7/0et5er el ectronics 20 and external devi cesPCTg2005/036201
interface 201 can be capabl e of any manner of

electronic, optical, or wireless comunication. The
tubgpenidhee2d0a first demsitye pb32. gt SegorbdgsIséy Pai2RR. dn addition, the

digitizer ot _shown erein the sensor signal .
sty Lt 20 Yo A6 Bhasitls GlelpE oHRGHs SR e sitfness
toRpARES302Rd tHé Blakd AtSrande 29981 09 Vi brational response

and produces the digital vibrational response 2 11.

The KiCo3ds signgplsyLiflem Qaltbretion tiettsr Gifel avarsussstidfnesheoefficient
er electronics 20 and processes fl.o asurenent s
C B HED ARGV e aPiriSSLeRBITICHgor $hePITAIGLBRSICIE. o Svens
n H [, 4
co?%ﬁat?oé%t‘&z@& Qgﬁnd’FCFQF ?eé?f 19‘%3%?{@511, a8l 44 REteRBfbwn by the

reby processes the flow neas ments 1 n order to
copregpoiciing oerrelatiom cecfficiem oh97.8%4. eFhesgiaphk thefbfore demonstrates that
processi ng_system 203 can_conpri se aﬁneral pur po

the stness oS it CosaB el Bpaitahihed (Toyalue and < ;r%ﬂless
eG4 AERSS Ak PLIRRSE Gyeyeyom zed pr ocessi ng

e processing s can be distributed

amorEEGMU! i iafl Ry dHaB RSO MOmE-CdTBS detdhEinRie0L 83Fhérd coefficient C;
system 203 can include any manner of integral or

ofiandbrrserydinw sresen acepiding taoamerbediticatp! hganveionhdn step 401, the

G PO AR 0 B B B 8 PR o
m&RASE AN THRIHRP maddithl 8k bakiafic \RicHe Be flokviRE ﬁarou%h the meter

enbodi ment, the storage system 204 incl udeS routi nes

astdmablyalle A witratieahl bgsponee Brmemssidngnd thetebraiofal memdnse is used
as a coefficient routine 210 that determnm nes_one _or .
0 RSPl iFS: A ReEIR ot A7 58 RS B1ALEG1a] P oG Ribe period <
' t 2 S j .
o R B OB BT 2O IS0 e i onc
endbtlimenofenSiides di fidjilensy Aspsnséar i abl es such as the
vi brational response 2 11, which_ can be received from,
t he Inaterc4Q; pdirekdsmbity ons trabtained. Bhe first gRnsitsopmi can be input by
exampl e.. I n one enbodi.nent , . the stor system 204
anc et Jon St Sagar i ek R ST EP Sap! es.
FOr /ospdpd @3, thd et %E%?ol?}i@?i@ﬂlb@&éd Gath $§&QoBddow material m2
determ ned stiffness coefficient Cl1 213 and a .
presener The eebomd Sove owtdriad nghdiffezs fod thFestsiov awaterdalsn Brsuch as
204
by Icl)aving a substantially distinct density. A second vibrational response is received and
a second tube period 1, is determined.

In step 404, a second density py, is obtained, similar to the first density py;. The
second density pn, is substantially distinct from the first density pp1, as previously
discussed. ‘

In step 405, a stiffness coefficient C, is determined from the first density pp,, the
first tube period Ty, the second density pyp, and the second tube period 7, (see
equation (7)).

In step 406, a second stiffness coefficient C, y, is generated at a second time
instance t2. The second stiffness coefficient C; 1, is generated in the same manner as the

stiffness coefficient C;, above. The second stiffness coefficient Ci 1 can be generated
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can further store a pair of the sane coefficients that
are determned later in tine, such as a second
wario7messs coefficient O t2 216 and a second PEEES2005/036201
coefficient C2t2 217. The storage system 204 can store
wor king val ues such as a first tube period 1 220, a
usiggdba frsivad pecrqrmicﬂw ngarialg ntlj angt mdeersanbermengpated ngigg a third

o0& S8 t ddjtion, the storage
gemagggi ﬁ‘%‘%&]e&%%ﬁﬁt%% h”[ hreshol ds, or ranges,
SUCI]!n@@ t40g. alel é‘ef:&ﬁﬁﬁﬁﬁ@s@&@éﬁ%w%@@lgﬁﬂc&h ardB$6 the stiffness

tolerance 232. FIG 3 is a graph of 'Flow Calibration

coefficiant (f Qe coersuisors catrf bmp@onmmf i Qrd@‘rtp cElLerm‘ﬁhmﬁ the stiffness
raph data iric ai ne 1ca| l.o
of B Bpter 2+ Srntin 40 Bs PGS BREEh T cehppiRisa can
j | Liper
colrbatd S o Hitkrk Shariel) %esft??‘%#étn"?*o‘?&%“ A thg stiffness
cogfifpdnt ichexigef exceedbetiro siffnedsasletdiee 280 sthsh itlid meﬂmd branches to step

coefficient Cl1 can be used to nmonitor the FCF val ue
408 nethervaisetthe methed isgembletfent C1 can be used to detect

chang glse]p LRt caﬁ%the sltlﬁleg' é?%ffﬁmellpéflﬁﬂg% Eché%g? ﬁ% finless

met ho or “determ ning ness coerficlen
tolétadc8 80 ythth e ek eéncﬁfi@ﬁ) EsdseﬂgTh@ eftor eofdomea inefudehgry
i nvention. In steg 401, the neter assenbly 10 is
mayiner af emor ﬂﬁ@rvgrl fenimdiastesy onEnsEinBl y 10 contains a

fir flow flow. paterial can be
st a6 or e giofg TRPeR g I EfbiEe S8S G fcient C: ofa
vﬁ% or{ AiGvPh Rt A08drdiRSB AR BRIiNBASHRE invdR€oh Neh step 501, the
rational response is used to generate a first tube
mqle:r assemblyl 14 Brviblated inresderf tb @ememteea fisdt twbe perifider, tAsepreviously
period t conprises the inverse of the frequency (i.e
19(011§$'ef1). The vi brational response in one enbodi nent

co IS st
ConT BB AREEGK, AR e s SR AP oS,

i Nnpuh s’@p 503, &Iberhaﬁeﬁéssefrtblly e apibeatedwitharnsebend ﬁbe;c:rheténal m2, as
and recalled from menory. In step 403, the nete

pra\gg@% ki;scwerlslmrﬂeratpé@tw the second bihe Heriod Tt E‘hr» gecopg flow

RRESERE TS 55 P RO TRAEh) kbt diamdde
S u bghapdy A4, ¥ s@éo“Hd' dé%gltyd B,Q_;Sisto%talﬁecﬁ Qs QRsividy aist@sad.

response i s received a second tube period T1112 is
det dnisiaped)5, hmast epefzm;b,nt &> s&edetnnnmd; iuqny amamm second tube
obt ai ned, _sim | to, the f]

15l ¢

d
pegat Sl eI Lo Sk Bor s RETRaRLYR Bk el by gtiffness
cobtcint 48 RidttHe BBond 1@ FHrfod QY %hb{ 11l SLHRE 8bhsity pyy (see equation

(8)). Alternatively, the determination can employ all four determined variables

according to:

C2 = M r1212 me (9)
(rml n12 )

In step 506, a second mass coefficient C,, is generated at a second time instance
t2. The second mass coefficient C, y, is generated in the same manner as the mass
coefficient C,, above. The second mass coefficient C,, can be generated using the first
and second flow materials m1 and m2, or can be generated using a third flow material

m3 and a fourth flow material m4.
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In step 405, a stiffness coefficient Cl is determ ned
fromthe first density pm , the first tube period tm

WO 200h@45ezond density P1112, and the second t uPE€T/psI0®aB6201
tnm2 (see equation (7)). In step 406, a second
stiffness coefficient O t2 is generated at a second .
t i mnistept Hhe the secomh mase coriticiont €1,.néseorapared e thermassoefficient

t2.s generated in t sa nner .as. t.he.stiffnes
Cro BTSN EOR PR PR RO SR SEgh g ihe mdl§ 8 the meter
as$Qbllyi 10 Iﬁt@tsugétﬁﬁt@alﬁaﬂqa%?ecﬁ eRE 8brapasddhdcahTarther &dm@Re a mass
second flow materi al s and n2, or can be generated
coaficientahaige © & mass toktrendesd32ndf thredmass engffitient ahange exceeds the

RS T e SR U5 55930 Db RS, e methoa

co&&g&@j cient CL. The conparison can be perforned in

order to determne if the stiffness of the neter
assdnistep 303, basaisu lisd mass @elfficiettarigage eddeeds tirppanissolerance 232,
can further_conpare a stiffness coeffjicjent change tP

then an prehedition wrsghc bhogryor ¢andytin ¢an infiydsgny manner of error flag,

ficy exceeds the stiffness tol erance
Va%%gfe’*l}idé%%rhép%%ﬁjgd branches to step 408; otherw se,
t he FYet. I5ad aiffovadhap 600t d MethbaFort@@erm@eas stififfess coefficient
stiffness coefficient change exceeds the stiffness

cheogeandiera PRES codiEnicanclange acewsdiia todi dnzbagimentrpfethe invention.
error..conditi can ifaclu a nner of error .fl .
i s 8 bt itihesS Poc et i Ao ing Rl fug s Alpepmined at
a RRPtiRfe ifstIRINAd TRy fideliBiEs cHITRiNRES , GO 8EbHRINBA T dat a first
of a vibratory flow neter according to an enbodi nment

denfity hgy, infirsttube peribd tst, e e, denkity pri, and asseorl tybg Period T, as
IS, Vi bratec{ in order to generate a first tube period
previously glesasiasd: ousl y di scussed. In step 502, a first

den%&&f&% iﬁn@fﬁﬁé@&%ﬂ%@%&%x QUG i ﬁ&%ﬁztﬁgri%l'rﬁl is also

step e neter asse is vibrated w

des@aanie for ohe Tk einedinstafice 8 THeefisongby calificidas€y, id also
order to obtain the second tube period 2. The second
det¢rovingehtrem the fivst time instance i RIS iapd depsiBes. nat er i al

n i ously. di d, el : . .
dendPRy AL, 3 eSS S0 at Bp O i emPiuB 8 fecopg tme
inShER 20T hetsebBRStiRReh{thideantis GfdrentdRiR e fifd tikdcdis@hce t1. Any

| east the second tube period T1112 and the second _
antleuns iof yinendan ertenddettercen thatlirsttimannsansiedy andéhe second time

I I A T N
stiffness coefficient C; y, can be the same or different than the flow materials used to
generate the first stiffness coefficient C, 4. The same also applies to the mass
coefficient C,.

In step 604, a second maés coefficient C, 4, is determined at the second time
instance t2.

In step 605, the first stiffness coefficient C, 4 is compared to the second stiffness
coefficient C; . The comparison can be performed in order to determine if the stiffness
of the flow meter 5 has substantially changed. The comparison can further compare a
stiffness coefficient change to a stiffness tolerance 230. The stiffness tolerance 230 can

comprise any manner of tolerance threshold or tolerance range. If the stiffness
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(8)). Alternatively, the determ nation can enploy all

four determ ned variables according to: In step 506, a
w@e@onasaass coefficient C2 t2 i s generated atPEI/E8m0M0B6201

time instance t2. The second mass coefficient C2 2 is

generated in the sane manner as the mass coefficient
coefficieti changeTxseedscibadtiffasss telsedrice @38ntherthomethpdjwanches to step

enerated using the first and ond flow materials m
608 g _,138’rtH88??%6%‘{]8ré’88?§tt8&%@’s®% a third flow
mat ghisely 408, 88chude tHRWtihekd OVEFIBAS dingBéxédbds RPstifhess
the second mass coefficient C2t2 is conpared to the
tolersse 2361 thew e rtroC2onditien ¢osgpalhe error eendigop earf ichels any
in ohger tg determne j.f the mass of the neter
MApnes fh PO Bagh yariabigs teneately PYT ged. The conpari son
can ERFRRACE] | & @MpAEFRDMCBodhd
rrassﬁl?g era7hce {21.%&?? t eCi‘r%ggsz’tclzoeffi%i ent ceasn%e fass
coeffgad C)lh elassnparisenaan e pdFormékin ddder tweddterthine if the mass of

branches to step 508; otherw se, the nethod is
the §ap1 weter 5 has seksiampdly oharsass el e ROMRAISOR Gap fighes fompare a mass

o a) S r ,
cof ARAT SASRES PR ARARL.0LS A0R A3 cobRIGAN BEE Obscecds
mARAGIRFareE 26821 1Bkn ihalethodbraithes td sieh 668 0sthedvise, @b im€hod is

FIG 6 is a flowhart 600 of a nethod for determ ning
compdetef f ness coefficient change and/or a nass

v defisE08, HOSHEE HRG TR e e BT lnethadsdfrance 232,
th&d ah efrBF céhditidiPls skt OYhEBLEF &c?idit‘iﬂn b ifﬁfsmaé ah{ eshridkr 8f flag,

first tine instance tl. The first sti ness
vaciablef incfieandr, Glarih, osrabtines asi predofislyrliswufsedst density

pm a first tube period tm . second densjt 2,
bhd Themeibng 6oDisan sertesanen petiedish i Guergrabaiar fsipd. Tt
£ pat > ,

eSSl L B 4P Sl LERERAIER, bty dlor b by
offthé séefficiBts MS4ANCE The mett®df600sdantRy®er okl iac pesdttetRined

tl is also determned fromthe first tine instance,
landmerkpetuich s abm gragiefpsminasshourn ok ergsatars upgan g«digpge in flow

sti.flfn ss coefficient d 2 is determned at a second

mrﬁeﬂg £

e 'nstance t2. The second time instance t2 is
di f fedeenbiel ERRIbARS bhd Slethdd¥BictHFRN©AE invefi¥n BARBBEmployed
of time can extend between the first tine instance t |
acaodling® awyofribe embredinmettaincerdeto provisiksayetabedviaotagds, if desired.

that the flow materials u to.generate the second
The invent?on provil(vies a s’(calf 238 cooT 1cd1ent Clgt%at is sugstantmllsy related to a

flowtube stiffness of the flow meter. The invention provides a mass coefficient C, that
is substantially related to a mass of the flow meter. The invention provides coefficients
that do not rely on stored or recalled calibration density values. The invention provides
coefficients that are obtained from vibrational responses of the flow meter.

The invention provides a stiffness detection/calibration process without the need
for a factory calibration process. The invention can perform a calibration process in the
field. The invention can perform a calibration process at any time. The invention can
perform a calibration process without the need for a calibration test rig and without the

need for specific calibration flow materials.
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stiffness coefficient  t2 can be the sane or
different than the flow materials used to generate the
wo e034es82 f f ness coefficient Clt | . The sane BEBHUS2005/036201
applies to the mass coefficient C2. In step 604, a
second mass_coefficient C2 t2 is deternm ned at the
sec ot invemtiqneangesorma callrbrzsttcmdnr@g@s using thiorggtmore flow
ti.f.f ness.coefficient C seco
m@piglsnd B8 S5Epph Spd Rbriitm ealiSraGRTBRISS e udy MBieE R Changes in
stiPRE$O5 e fiokr AeRebvEOtiMe! ghBiimeniioniche peifbfrh RERSrafibn processes
the flow neter 5 has substantially changed. The
tha slepraamisochanges frumasserf the flosr meter oveffimess coef fi ci ent
change to a stiffness tolerance 230. The stiffness
tol erance 230 can conprise any manner of tol erance
threshold or tolerance range. If the
stiffnesscoefficient change exceeds the stiffness
tol erance 230, then the nethod branches to step 606;
ot herwi se, the nmethod proceeds to step 607. In step
606, because the stiffness coefficient change exceeds
the stiffness tolerance 230, then an error condition
is set. The error condition can include any manner of
error flag, variable, indicator, or routine. In step
607, the first mass coefficient C2tl is conpared to
the second mass coefficient C2 t2 . The conpari son can
be perforned in order to determne if the nass of the
flow nmeter 5 has substantially changed. The conpari son
can further conpare a nmass coefficient change to a
mass tol erance 232. If the mass coefficient change
exceeds the mass tol erance 232, then the nethod
branches to step 608; otherwi se, the nmethod is
conplete. In step 608, because the mass coefficient
change exceeds the mass tol erance 232, then an error
condition is set. The error condition can include any
manner of flag, variable, indicator, alarm or
routine, as previously discussed. The nethod 600 can
be iteratively, periodically, or randomy perforned.
It should be understood that the nethod 600 can be
repeatedly performed for one or both of the
coefficients C1 and C2. The nmethod 600 can be
performed at predeterm ned | andnmarks, such as at a
predet erm ned hours of operation, upon a change in
flow material, etc.
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The nmeter electronics and nethods according to the

i nvention can be enpl oyed according to any of the
weedpoduesent s in order to provide several advanPE@n®s2005636201

desired. The invention provides a stiffness

coefficient Cl that is substantially related to a
Welchimube stiffness of the flow neter. The invention

rovi des. a nma coeffjcien hat s substantiall .
1 PR ERRirBnlR T 20 R o TRl et R PRGER 2l otmprising an
infRF@AYs Fﬁﬂ) ¢oefebbiGiRY SibkfinalRspiiseldl HBcskRAYsRn (203) in
recal led calibration density val ues. The invention
copmowiidgorcwish fthe ingerfacet(Bat ), swith thbtzdterealedtrames (20) being
al responses of the flow neter. The invention

vi brati
Chﬁ%W’&@‘g%X‘ stiffness detection/calibration process

W t : I f1ae ' ' :

The o P S o R Rl Pl 0 B B Rt ion response
frérh ehedintelfeeei(BO E)) tvitoateca teapesrieofl owtube 1 30 altthe nitpatoceisw meter

at any tinme._The invention can performa calibration
(S prsk sdnerqie arfist tubp Peried gwif o adirstflow matetad rpbgtibratgthe at least

on%%gﬁlggﬂgmté)??h@%?alté& f16W ‘f‘ﬁ:ét&] @I) ﬁﬁ'Ji 'g@ﬁeﬁlﬁtlb ?ag%elfcérgdvtube period T,

ma inven can performa®ca

foPh 96@9d fUSH Athtédrivl 9, afdrdRtdrindye ored & hateSof al§tEffness coefficient C; or
i nvention can performcalibration processes that

a messeqosiineie em the figstitplheeereodot 1 Bt Idensitepmar thewseeond tube
tinme. The invention.can performcalibration processes

peflﬁg%maépgrarﬁeﬁ%n Hei§EPmen mass of the flow neter over
time.We claim 1. Meter electronics (20) for a flow
nmeter (5), the nmeter electronics (20) conprising an

2.1 Themkter elecROhicsf(20) ofedaini ngheaein the dirstdivd matead mskecomprises a

and processi ng system_(203).in GO nication with
gagRad %qcplafizlomme}ﬂ t lﬁ%?iﬁqﬂg}ectroni cs (20)
bei ng characterized by: the processing system (203)
bei ng configured to receive the vibrational response
3.fTigmnkehe elatronfca 20 &QLdim V)i wheats tat firgdidiw afgerial m1 comprises
flowtube (130) of the vibratory flow neter (5) and
airyanbthgsecands flow mateid 12 cPBHIIEH WaSE. a first flow
material m, vibrate the at |east one fl owm ube (130)
of the vibratory flow neter (5) and generate a second
4.V pRemBRE R bR (20) 6F GARONAvith Y SFHERES é‘éeﬂl@ienﬁﬂgcomprising G
determ ne one or nmgre of a stiffness coefficient Cl or
= & eSS EOEEL )T @k)" L2 fromthe first tube period tm |
a first density pml , the second tube period 2, and a
second density p . 2. The neter electronics (20) of

SOi“lgé Metor g@ﬁ‘gﬁic@ (ﬁ@‘éofffc}léiﬁf 1 fdvﬂﬂvtﬁ%%zsi WeriflieHUPLInEHSing C, =

a gas an SEco ow mat eri al conprises a
Cl(t gt dpo.

6. The meter electronics (20) of claim 1, with the mass coefficient C, comprising C, =
[Pt - Pr2) / (F)” = (2] (T )’ - P
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3. The meter electronics (20) of claim1l, wherein the
first flow material m conprises air and the second

wo b@womsteri al n2 conprises water. 4. The net ePCT/US2005/036201
el ectronics (20) of claim1, vvith the stiffness
coefficient Cl conprising Cl = (Pm Pn2) / ( (tm )2

7. -The metep plertron®s (%@freémm Léhétb@rr GURRIESIRZO0) of claim

1, with fi 6. Th

et g e Porrnd b S sty PoRRt e TRE >
coefdohfijafing kel s&cRfB rstlﬁh@ﬁ dedfircibltiC 1Y to-thE8@inéss(coMficiéht Cy; and
- (Tr y2)] (Tm)2 PnR -7. The neter electronics (20

of _ deaerating ahertonepnditinpif %nersgconglea’ﬁrffr@sft eqpfticientond )dlffers from
f ness efficient Cl. at a s arin
thg Huee i SRefteint (G S dhenant o PesEiatnsd (e nld

stiffness coefficient Cl; and generating an error
condition if the second stiffness coefficient ClL t2

8. dTtid meter bleotrohive (20)i difoleins 1, doethér cirepisigd: by nore than
a predeterm ned stiffness toI erance. 8. The neter

el ecdNBHIBE 2(52E9NGIMaR eehfigiontrrnata &shpd &% g:
g en egoﬁ{é} ?1%5%5‘ Eecc%ﬁg s %o fécn't 2(#) ftlggmassa&égf %@ﬁto(gyg and

ng the secon mass I cl ent

s%] @@hﬁg @hepfor cdndiang 1ﬂ’@1@%é@dﬂdl@a@rboefﬁ@ént@lﬂgdﬁfe@ﬁfmm the
if the second nass coefficient Ct2 differs fromthe

massoefisasrtti(oityrmoczhpy apsedeterrinedmepeipderanesi. ned mass
tolerance. 9. A nethod for determ ning a stiffness
coefficient C1 of a vibratory flow neter, the nethod

9.CATREthSd A& dethBhinBG s@f‘fﬁie@@é&efﬁ@i%nf prf Mbﬁ)raxw h8w meter, the
vibratory flow neter and generating a first tube

method odmlpmbmgonbmtmg as tea$tl ane fawtabe alf thel y1btdtm'yrfktvh oteter and
bei n erize rati ng the at ast _on
£ FISG B 5 TObR Gy P el OF § CRFoP MR AL (B Bl e
Ch%.ﬁlg?eg& 3"‘5?18 period t for a second flow materi aI ng;
an

etermning the stiffness coefficient C1L fromthe

fi r stibfatibg tixedtilogkt bt flowauthd oBthe déraiory flom metet had generating a
second tube period T 2, and a second density P1112 .
seqond tphe prEeH B ToF 26Feand Bowvpatealmeand: i rst 1 ow

o S AT PR A g

deﬁkﬁy Bl theMeRbRd theqférit)urrg; aht QWeb&i Pddrlty . compri ses

and the second flow material no conpri ses water.

10. The method of claim 9, wherein the first flow material m! comprises a gas and the

second flow material m2 comprises a liquid.

11. The method of claim 9, wherein the first flow material m1 comprises air and the

second flow material m2 comprises water.

12. The method of claim 9, with the stiffness coefficient C; comprising C; = (P w1 - Pm2)
[ (Tmt)” - (T 2)?)-

13. The method of claim 9, further comprising determining a mass coefficient C,
comprising C; = C1(T mo)* - Pma-
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12. The nmethod of claim9, with the stiffness
coefficient CL conprising Cl=(pmM - p) [/ ((Vi) 2 -

W@ eoom@y@y2 - 13. The net hod of claim9, furtherPCT/US2005/036201
conprising determ ning a nass coefficient C
conprising C2 = C1( 1112)2 - PnR.14. The nethod of
claim9, further conprising determning a mass

ffi
14¢ Ry S8t Fpi DBl sl drdiipine o oo
coftipriBirdl @) 2{(d (16T / QO] @1LDBT (BRNPL AL N a second
tp ffness coerficien 2 at a second tine; conparing
the second stiffness coefficient d 2 to the stiffness

ffic t C nerating an error condition if
15t ﬁ%%ﬁaoiﬁﬂaﬁ?]ﬁé;%gggﬁépmm}s - C 2 differs fromthe
Sti geﬂééﬁng qgblomd &m“ne% C@fﬁgﬁﬁﬁ E,h%{‘a gec%ﬁqx%@f m ned

sti ffness Yol erance. termning a
mas soapeatihpthesnicoad Sﬁfﬁ‘l@SS\dObffﬂilﬁ‘[t)led uovt/hemmﬁnesstcbefﬁment C;; and

L T
OB TR ' B S L

flowtube of the vibratory flow neter and generating a
second tubeégeri od T1112 for _a second flow materi al
16nA metlep b sletarmiimige ehpvasswesiticout G cif @rfibmawory iy ateter, the

o B BB RSB S BRI PR o
gehbMnFRURS{ @be BoriSQRRI o 83ird (438 pRicid1e1 SR Ak Bithe

matertral nR conprises a liquid. 18. The met'hod of
chetaatenizéé bywherein the first fl ow material n conpri ses

e R T -
1 d of
se%xcﬁ%ﬂ?@éﬁ ?W%ﬁ 2 s%(gn;ﬁ %%\éﬁa%emal% met hod o

I cl ent conprising C =
[ ( p determifihg 129 niass coefficient C, from at least the second tube period Ty, and

a second density pyp-

17. The method of claim 16, wherein the first flow material m1 comprises a gas and the

second flow material m2 comprises a liquid.

18. The method of claim 16, wherein the first flow material m1 comprises air and the

second flow material m2 comprises water.

19. The method of claim 16; with the mass coefficient C, comprising C, = C1(T mp)” -

Pm2-

20. The method of claim 16, with the mass coefficient C, comprising C; = [(p m1 - Pmz2) /
(@m)* - (€02 (T12)” - Pz
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( (tml )2 - (T 1112) 2)] (T 1112) 2 - P2 .21. The

met hod of claim 16, further conprising determning a
wa@oof7fomsss coefficient CL conprising Cl= (p mlPET/pRAYS5/H36201

((tm)2 - (tnm2)2) . 22. The method of claim16,

further conprising: generating a second nass )
21c detef methedof clrim2l Ga furthersooipdisingristersunipard sifffndse coefficient C

second §2 coeffi 9i &nt 2 t’iz to the mass coefficient
copprSIng{C e AR mut Pavd 7 SFmel 7 SFm2ddndition i f the second

mass coefficient C2 2 differs fromthe nass

coefficient C2 by nore than a predeterm ned mass
22t dltermathed o28lair Ite tfiwblsbrfeompdising: mi ni ng a stiffness

coefficient change in a vjhratqry flow ggt_er, t he

et HSASEORE RiSSPRRy! PeBt cRstigient C1a st SRR HiMfit ube of
the i Tl I . St b i l.
and Sering e SecBf RS coBiicfnt (g to oy RisGEyt Oy and
f | ovgematagingah enor cohéitiortifhe sbesntgmedsaocetfidentzed, differs from the
vibrating the at |east one_ flowube at substantially
megseopflicdent oy ALy thar @ nredetyAnbmePHiciHanee- second
tube period tpi2tl for a second flow naterial n2;
determining a first stiffness coefficient C1 t | at
23t h& rhdth&d fdrideReriniging ACeifineks éde@fitithiecHahEs in 4 Wigatoey 1166 meter,
tm tl , a first density pra i,ti5the second tube
thperetloadl conaprising sdwating adasit oype fawtebd of theiviliratary flowhmeter at a

T S B ST L R A i .
thg’ﬁréeﬁ{d@%eig?bh&h&%ﬁkéd‘gy:t he at |east one flow ube at

stantially the second tinme instance t2 and

genevibtaiing tlee dtdeadt lont dloevtples atcdbstamtid]yf the fastftime idstance t1 and

fl ow rrateria%}lrm; determning a s ﬁgnd stiffness
2eap@RtINg @ SeRNAHDE PeHPd i 8 @RE0NT HEWITREEHACBZt 2 from

t he ird ' . hi . i I ,

t he Snhitpbl SERE kg BBl fiste C1y SRSt {ihgBitadcs el from the
firgkbe Peridd e QNP artirs0ddmRy i.f stthebédohteste satdd ,61ead £kecond

tl and the second stiffness coefficient C1L t2 in order
densityigtanni ne if a stiffness of the vibratory flow

met er.. has changed between the first. iine instance .t | .

and iabe GH et KERMCA ook lipiEnylio i S cenerating o
thiH &hye h}?é’?io&”dmg tohetitd 8bwehatbfifless, coefficient Cl>t|

and the second stiffness coefficient ClL t2 conprising

Cl= ipratihg thepat)ledst Ope flopaube fitsub@pajalBsthe Bheontetiho thstdnce t2

claim 23, further conprjsing: )
and generatzmg a fourth tube perH)od Tmd.0 %or a fourth flow material m4;

determining a second stiffness coefficient C, 1, at the second time instance t2
from the third tube period T,,3 1, a third density pms 2, the fourth tube period T4, and a
fourth density ppap; and

comparing the first stiffness coefficient C,; and the second stiffness coefficient
C, in order to determine if a stiffness of the vibratory flow meter has changed between

the first time instance t1 and the second time instance t2.

24. The method of claim 23, with the first stiffness coefficient C, 4 and the second

stiffness coefficient Cy » comprising C; = (P m1 - Pm2) / ((tm1)” - (Tm))-
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determining a first mass coefficient C2 tl and a
second nmass coefficient C2 t2 conprising C2 = C1(
wa 12542 P1112 ; and conparing the first nmassPCT/US2005/036201
coefficient C2 t | and the second mass coefficient
C2t2 in order to determine if a mass of the vibratory
25f Iﬁwmﬁﬂl@doﬁﬁkﬁll@@né@@hﬁmﬁm&e fi rst ti me instance
nd t.he S E énst 42 The rretﬁoﬁ%gc
cI a. eggumpg@t Hé m@%srT%‘%eff FNg" %zré?% ﬁf%‘ioﬁlg naaSrS.CPS 2,2
cofRisidceen 215 angh@ second mass coefficient C2t2
gdgﬁpriggiﬁr?gtcéglzmz29 pn9 - P2y / ((tm)2 - (t nm2)2)] (T
111Zpmparipg; thcaﬁdst mpamﬁﬁgletnh €, fiiand tthevsesend owfss co¢féisient C, » in
nd the. .second Ss..cge ci ent 42 .in order to
o RIS 13 TS OTGRe TIREORHHSY hgrer T e bses the firs
trfORRAGH: PRLNPAR stlhd fistinkhits chnstance t | and the
second time I nstance t2 . A nethod for determ ning
.a mass coefficient change |n a vibratory flow neter,

the netho risi VI brati ng at | east one flowtube
260&%@\‘@%8@510 9 %3, ]?@tCQFnPé{S% first time instance t

fI gvrgét&qgﬁ‘?ﬁagta' 18t ﬁxtaaé Eosetf{l Mgte%gteﬁﬁc?g L tlmdQre gfdelérfttcm

F A CRaracteri 76

cottipisatd Og= t[tmmatanﬁa&tmmﬁmhﬁgﬁ(uQ@z ap,3ubdt ant i al ] y

the first tine instance generating a second
t ubecopaariag tfinst mass cacifisienh €211 l0d thasesondmagp coefficient C,p in

f t ff t
orfr GRS Revtdeb oY ViRt NG Freet s blfrepm e fist
tmtlé instahick tT SAd @RNSESNM itk ihdtandelt®. second tube peri od
nm211 , and a second density vibrating the at |east one

fI owt ube at a second tinme instance t2 and generati ng a
rd tu period . tnBt2 for third flow materi al
wgfqr [lstexminiag MRS COPIIFIN, 5aaRge 18 e %ﬁﬁ?fﬁ’aﬁw meter, the

R RSS2 PR e i

timletretafica t Ngndgareaiit arfiss tueaidriodinnt f62a figst flowt Material m1, the
second tinme instance t2 fromthe third tube period
mchB@Pelnﬁcﬁlﬁfaﬂ@f@éﬁbb’ty pn8,t2> the fourth tube perl od

£ 't uBiBE hEuPiE bl ASRBI Rk AR TR ik Yt Utance 11 and
geﬁ@t%ﬁﬁg Gl s@%ncﬁ%b@lpbﬁod Tap for a second flow material m2;

determining a first mass coefficient C, 4, at the first time instance t1 from the first

tube period Ty, 4, a first density pm; 11, the second tube period Ty, 41, and a second density
Pm2,t15

vibrating the at least one flowtube at a second time instance t2 and generating a
third tube period T3 p for a third flow material m3;

vibrating the at least one flowtube at substantially the second time instance t2
and generating a fourth tube period Ty, for a fourth flow material m4;

determining a second mass coefficient C, , at the second time instance t2 from
the third tube period T3 1, @ third density py; 1o, the fourth tube period T4, and a fourth

density pmap; and
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order to determne if a mass of the vibratory flow

net er has changed between the first tinme instance t |
wapa7oks4second tinme instance t2. 28. The net hpdr/v82005/036201

claim?27, with the first mass coefficient C2 tl and

the second nass coefficient C2t2 conprising C2 = CL(, )

2) 2 conpapingdbe ity anase coefdicisnt Ehaiamdire segond mase coefifisient C, p» in

Ofg%zﬁgﬂ%gﬁef i ec’léefnl%l%%gogf%elr Y@?%alt'}’h Ovsg%f(ie?cgr rgacilsarp,gﬁdl%mleen the first
tirhd IrStahde 11 brdd hbldand titd idstddded2: praz . 30. The

nmet hod of claim 27, further conprising: determning a
first stiffness coefficient d | and a second

stiffness .coefficjent, t2 conpri si = ( -
28 kte[rﬁ,ptiyg o? c{a*mljfi E&jl‘%l)%’le glizqat IE%%&?FHF]@@I%#@J# fg}c@{he secporPd mass
stadid S &5%%6&'19' ent &Y W2 apd the second stiffness
Cocoeflfr?g%etznt 21 %nzor dlgmzt)o d&fermine if a stiffness
of the vibratory flow neter has changed between the
first tinme instance t | and the second tine insthance
29 ol'he method of claim 27, with the first mass coetficient C, 4 and the second mass

coefficient C, », comprising C; = [(Pm1 - Pm2) / ()’ - (x m2)2)] (t m2)2 = Pm2-

30. The method of claim 27, further comprising:

determining a first stiffness coefficient C; y; and a second stiffness coefficient
Cip comprising C; = (P m1 = Pm2) / (Tm1)” - (Tm2)’); and

comparing the first stiffness coefficient C,; and the second stiffness coefficient
C, in order to determine if a stiffness of the vibratory flow meter has changed between

the first time instance t1 and the second time instance t2.
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