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derive A typical Coriolis mass flow meter includes one or more conduits that are
connected inline in a pipeline or other transport system and convey material, e.g., fluids,
slurries and the like, in the system. Each conduit may be viewed as having a set of
natural vibration modes including, for example, simple bending, torsional, radial, and
coupled modes. In a typical Coriolis mass flow measurement application, a conduit is
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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calibration factor are not affected by wear of moving components in the flow meter.

The FCF can be related to a stiffness characteristic of the meter assembly. If the
stiffness characteristic of the meter assembly changes, then the FCF will also change.
Changes therefore will affect the accuracy of the flow measurements generated by the
flow meter. Changes in the material and cross-sectional properties of a flow tube can be
caused by erosion or corrosion, for example. Consequently, it is highly desirable to be
able to detect and/or quantify any changes to the stiffness of the meter assembly in order
to maintain a high level of accuracy in the flow meter.

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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the second tube period T, and a second density ppy.

A method for determining a mass coefficient C, of 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 and generating a first tube period 7,
for a first flow material m1, vibrating the at least one flowtube of the vibratory flow
meter and generating a second tube period 1, for a second flow material m2, and
determining the mass coefficient C, from at least the second tube period 1, and a
second density pyp.

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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second time instance t2 and generating a fourth tube period T4, for a fourth flow
material m4, and determining a second mass coefficient C,, at the second time instance
t2 from the third tube period Ty p, a third density py; p, the fourth tube period Ty 0, and
a fourth density ppqp. The method further comprises comparing the first mass
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 one aspect of the method, the first flow material m1 comprises a gas and the
second flow material m2 comprises a liquid.

In another aspect of the method, the first flow material m1 comprises air and the
second flow material m2 comprises water.

In yet another aspect of the method, the stiffness coefficient C; comprises C; = (p
m1 = Pm2) / ((tm)* - ( 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 anqther 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



In yet another aspect of the nethod, the stiffness coefficient Cl conprises

CL=(p mM - Pnt) / ((TmM)2 - (T nR)2) In yet another aspect of the
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stiffness coefficient of a vibratory flow neter according to an
enbodi men€;.of the invention. FIG 5 is a flowhart of a nethod for
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the I nvention FIG. 5 is a flowchart of a method for determining a mass coefficient C, of a
vibratory flow meter according to an embodiment of the invention.
FIG. 6 is a flowchart of a method for determining a stiffness coefficient change
and/or a mass coefficient change according to an embodiment of the invention.
Detailed Description of the Invention
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
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| eng th are essentially parall r oughout t el r lengt Brace bars
140 and lﬂﬂougﬁﬁCuﬁolﬁ@rnetéehss&mﬁlyleOaX| s Wand W about which each flow tube
oscillates. The side legs 131, 131' and 134, 134' of flow tubes 130 and
130" are fixedWenaﬂ%nﬁéhé%ﬁ’éfﬂ@%v@%‘ﬂ%h%&mzﬁ@dépg e capmpcigdy Vipilet o g

nese B o6k104 Ty Ml oS0 HESh B PN L s Sepl0

22 r5] ﬁgg![ gd&ﬁ’\t/elrl’;é‘[‘ iﬁ%’c Eas{ BisemebSiFedndattPial ent&@\éhﬂg OhQfeise ﬁl@?er Qlﬁl@uéﬁ’&n odiffie
101 in flange 103 is conducted through manifold 150 to flow tube mounting block 120
having a surface 121. Within manifold 150 the material is divided and routed through
flow tubes 130 and 130'. Upon exiting flow tubes 130 and 130', the process material is
recombined in a single stream within manifold 150" and is thereafter routed to exit end
104' connected by flange 103" having bolt holes 102' to the process line (not shown).

Flow tubes 130 and 130" are selected and appropriately mounted to the flow tube

mounting blocks 120 and 120' so as to have substantially 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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end 104 and outlet end 104" into a process |line (not shown) which carries
the process material that is being neasured, material enters end 104 of

t he met erwohweougbs4an orifice 101 in flange 103 i s condectram2eosnsdgh

mani fol d 150 to flow tube nounting bl ock 120 having a surface 121. Wthin
mani fold 150 the material is divided and routed through flow tubes 130 and
130" . UpBileid msedgnfalwﬂ kmmmrnbﬁﬁbchbbdmbw elecmvalqsﬂ@dewmnmw &ir the

reconbined in.a sin ni foI 50 and . is ther rout ed
to exit SAIpEcippla %0 ‘f’l‘gi‘?ﬁel egtoﬂytdﬁlﬂg%%mfg’é" I“l%& t he
process 'térﬂlf‘eréﬁ?é ’THQN‘I)D isfdo ﬂ%ﬁ’iaété@%‘égé?e@ e?é’t@'roﬁ?c@ 20Hyeleg@h 95t ed and

appropriately nounted to the ow tu nount 1 ng bl ocks 120 and 120' so as
to have subst @uth dokytubbel 3hamd h3G srelddten lbmtlrmer 180rmrtmpb31ta)<ﬂ1reanmm| a and
Young' s npdul us, about  bendi ng axes W-\Va respect.i vel These

bendi ng AR their FePSEEYe rndaie Fies IV and \Xn@l@ﬁd’*’ha"llﬁ%éﬁh rst RE-0foung’ s
rmodul us gfxiﬁerl?end rﬁ%"fn%afi? S?th% e II hl“}h? HH@% ﬂ{e'éfl%’nsﬁnl%()trﬂbf @ﬂ?ﬂ%ﬁa@ fects

the cal ation ensi resistive tenperature (RTD)
190 i s mpHBbEehdng wéll EMOWIU b@adge@nenti GueloBs i AaERnel MolteRE o Elotneibe ¢ Bp'emet ur e
of the flow tube. The erature of the flow tube and hence the voltage

appear i ggn@@p@mgtcné nmcmt jo fow gmhmﬁ%md@mugba\gbmh@ntah@ﬂwmg@ugﬁm s
b f1 ow t ube.
Tt onprssetider HEFRRAh SR bl A R e ARl A MU 88 0aT6a0 "

PCTI US21 1 lebBrohibd 306vialiddd 1437 %Hﬁv@%@e@hmﬂsﬁml known method by neter
electronics 20 to conpensaté for the change in elastic modulus of flow

t ubes 130 and M&®t eldoizonios 20 yecehan glasRITD fehperatutessignad opdeart 18% andtlee RTD i s
connecte o et | ectr.oni.cs 20 by lead. 1 Bo ow t ube and 130
e ar v By Bl uslogn% BHPIS BRARTG QR PR | et HoUb TSV slas SRR ve
bendi ng ]_ﬁg@g g&g% iregt ndi ng
node of %ﬁﬁpﬁﬁ%nﬁégﬂgﬁ%d rv gh a?ﬁém &Tge Hr%é? t%%re?iseén%ﬁg%gﬂg of
many wel vitkaewabées T 3NgeE3t sMauodiecamrﬁcsrmgmemmﬂteddﬁtandfrighmelub@ 130

and an opposing coil nmounted to flow tube 130 and through, which an
al t er nat ﬁtgglabmdeth RIP sigaaltesomputs thermassdlpwheata ami e qlqmgg of hesmptesigl e

drive .Si naI ﬁ%{?@%' egeé @%/sregﬁr;lg r10 hgs fn%c%’l’lﬁiso 2810 ﬂgf%gr l]r&grm&t% dQ Ve

mechani s receives enpera ure S|gnal on
llead 195,y n@liw&etéﬁefléct%@l:srzog&terwim io)’utﬂlzgﬂ@h%le%ﬁﬁ)ggr' ng on |eads 165L

and 165R, r espectively. Meter

FIG. 2 shows the meter electronics 20 according to an embodiment of the
invention. The meter electronics 20 can include an interface 201 and a processing
system 203. The meter electronics 20 receives a vibrational response 211, such as from
the meter assembly 10, for example. The meter electronics 20 processes the vibrational
response 211 in order to obtain flow characteristics of the flow material flowing through
the meter assembly 10. In addition, in the meter electronics 20 according to the
invention, the vibrational response 211 is also processed in order to determine meter
coefficients. Specifically, 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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el ectronics 20 produces the drive signal appearing on |lead 185 to drive

el emrent 180 and vibrate tubes 130 and 130'. Meter electronics 20 processes
t he | eft woaooghi42vel ocity signals and the RTD si gnal pCco/useonsos&0t he nmass
flowrate and the density of the material passing through neter assenbly
10. This information, along with other information, is applied by neter

el ect r oni wstepidlsdvethipatdre@bare @ gas iahd 2diquad smelansaiz @nd RtaGr, orshemple. he net er
el ectronigs 20 ac org]ign to .aP en&%di nt of the invention. The neter

el ect r oni ¢SV Gt i“g@éte SAPrBEL 201 and a processing system 203.
The neter el echrRRi i I i ! h as from
the neter asse}r}bﬂle)yeg%)s,p% ?t olrS %‘f?ﬁg?ﬁ glhgfs?ra&e% g@eﬁ%?ﬁ%@%’%%%b rgﬁglg’esses t he
vi br at i onahereirethp dnsentidhlcangenerdeer ant estinixta phitel sensartstiffaessearidahasss Tife t he
flow materjal flowi ng through the nmeter assenbly 10. In addition, in the
met er el ctHiSss BCasyeHREbsan PRgised to Heterm 8¢5 inithe Flaw Catiptian Fagtosonse
211 is al r I 1 oefficients.

Speci fi caﬁtﬁ' ?‘%‘?@? rta{hllgélrgﬁé P%@ptg%ggc%%%ggf)@edg ocessed in order to
determ ne a stThé insatice e figaifiemit tetawadt enabhsshe avfidr eté@ithids20 t@nong ot her
things. In operation, the nmeter electronics 20 receives a vibrational
response perforana flopr epdibsation fegior determpination srithaup petfowriag anaspiwhflew 211 in
order to detern ne a.stiffness fficient Cl213 and..a nass coefficient C2
24 Tor LR s SR bR B PR ot giy MEE SR R T be

pl aced i nothBesyRia®bq@ipaRmb by spkliad Adidsh eI isedesAasI8 MRt Mise hGn AR thpeMbRhat ed
in order to produce a neasured vibrational response. The two fl ow

mat er i al sa howtalibbaicsuis sivhatwaak pyssibls tin tHet figld, bwragsessfto tieo $ivids. fol the
effective flow 8 WD 2007/ 0416142 PCTI US211115 /113 6 2111 naterials for
this proc®dsitycalibragon isgencrally Gasy &0 2lE¥F-as air and water, for exanpl e.
However, ot her ,fk i : ol fl ow
fluids are use S#%@ﬁgﬁ%le(%}sl?? ;%/fg g%Pf%lt&gtteﬂ)o%{ﬁS@%g%ﬁﬁg?ﬁeni ?I\l/éeﬁ?[}l%%\e@an

gener at e ®Boesilt) fraduencd fifbea siagealegadel dfffreglonpsidtcnmsan bd bepressetifabness
measur enent can be used to determ ne changes in the Flow Calibration Factor
(FCF). The nmass, tefrm/can W used to detect product build-up. The J’rnventi on
is signifi cantfb‘e?—% gr1t, epables the meter electronics 20 to pé ¥orm a
flow calibration fac or**det €Ffif'nati on wit hout perform ng an actual flow
cal ibration ! efire, KNistAEMef ARMBETMIS! &b ARksh 8PatY fWHdbe Furkl, L34 N

the mass of the flow material in the flowtube. It can be seen from equation (1) that if

the meter stiffness K changes, the measured frequency response f will change, in error.
Therefore, changes in the meter stiffness K can result in a degraded accuracy of the flow
meter 5. Any other flow characteristics derived from the frequency and/or density will
also exhibit a degraded accuracy.

The mass of the flow material Maeeriar 1 €qual to the density of the flow material

Pmaterial Multiplied by the volume V of the flow material. Substituting this into equation

(1) produces:

1 K
f=5= )

2z M tube + P material V
Equation (2) can be solved for fluid density, yielding:

K 2 Mt b
— % ube 3

= 7 3)



ot her special equipnent or special fluids. This is desirabl e because a
nmeans to perform a flow calibration is not always possible in the field,
but acceswoto0rosos4kl ui ds for the density calibration i ®cgasesalobszoeasy to
achieve. A sinple nodel can be used in order to illustrate the invention.
The natural (or resonant) frequency f for a single degree of freedom

syst em can be Hzpreisshdtubs pefiok (le., the2ecipravabef the Mibe fequencalt € ) Hire, K
is the neter, stiffness, M is the mass of the, flowube, and Mmterial is
the mass WWW%?\H‘I‘?&{O&@E&Z‘F a’et ASKy bﬁ/&eﬁ?ﬁ%& tqueé%‘t‘?rﬁg?g?eeewg? PEPequat i on

(1) that oy %o”@‘ote?ﬁciéﬁﬂsfﬁ’ﬂ‘?ss%g?g%gﬁg%o beRgitgARYr €d frequency response

f will chang€, in error. There nges in the neter stiffness K can
result in a degraded -aggur acy of the flow neter 5. Any other fl
characteristics derived fromthe frequency and/or density will also

exhi bit a degrBdedeqetionddy,.it ddnebensess tlodt atdbangd ovthaatifnessl cobfifixtienti @t wilk
equal to the density of the flow material . pmateriat nultjplied gy_ t he
vol une V IS¢ Aie erPhin #inecasyrgd densityaf the qrigigak valuesifat heatifiespepetipaipnt C;

pr oduces: = 2 + = i.0 can be
Cor ved 1 od s FofilsthitenlCie bl pUiutdle pdiehily vl B Shutsl U0

2007/ 0416¢iBrdtiohhli®dadked /113 6 2111 Here i is the tube period (i.e., the
reci procal of the tube frequency, t = 1/f). It can be seen in equation (3)

that the densiThe fisst ce¢fficeant Co it disectlyughatedio a sfdThagpehagaetegstic ehibedlyv t wo
coefficients. This.equation can also be witten as: P = Clz2 - C2 (4) From
equati on IPﬁSSé?’ (‘iofn@éﬁlf“q%e seen that a change in the stiffness coefficient Cl
w |l cause an errokg in a nmeasured density if the original values for the
stiffness coeff] € Cl  (and the mass coefficient C2) are used(})bo

calcul ate a densit alue for a current

Therefore, the stiffness coefficient C; can be used to determine whether the Flow
Calibration Factor (FCF) has changed over time, as the FCF is directly related to
stiffness.

The second coefficient C, is directly related to the mass of the meter assembly
10. The second coefficient C, comprises:

M,
uoe 6
> (6)

The mass coefficient C, can be used to detect and determine changes to the mass

C, =

of the meter assembly 10. For example, a change in the second coefficient 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:

C = (pml _me) (7)

17 2 2
T —Ta)
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vi brational response. The first coefficient Cl is directly related to a
stiffness characteristic of the flow neter, conprising: C K (5) 47r2Vv
Ther ef or ewot2h@/@b34bf ness coefficient CL can be used to ®etrarspioseschet her
the Flow Calibration Factor (FCF) has changed over tine, as the FCF is
directly related to stiffness. The second coefficient C2 is directly

related to theHm&:spmpfs thélde f ad@Seffowymatéflal Mg, as trctorrepdriding aibeC2
conprises: C = M"ac V The mass coefficient C2 can be used to detect

and det erparinsl foR élrmgﬁ@t ﬂ@w[ métermb@l P2 i e density of agepend/llaw matgiialaRanpl e, a
change i narfc{' % nci%gr%ggch# é)gﬂg@‘f&htgte fsggoncfﬁl&%at?ﬁglqnﬁ %&%&,ﬁ{d’%@e

whet her a OW nateri a as~a ‘coatin

f1 ow mat efddlrst¥bd that RANSRI ﬁlneeaﬁ%@ﬁlp@ifse hﬂﬁmmw e eel Mavidh su%sﬁééﬁﬁhll?g (or
any other retained mass) will restrict e flowin the flow neter 5 and can

reduce t hdisting clensitips. oF oragnanfplenit ﬁw@m@c@e differ bytas 1¢4st 8¢ glee thetided

ff t det f
1 ow mat GREPEERE e G TS AR o0 SBRVAPTA ey aP: T s eHs Bf os,
The sol Uﬁfs?ﬁo%ﬁtﬂaﬁagalfﬁlltd%@ c%?rﬁﬁ‘fsb%%%s faﬁa tﬁé"Q:cHﬁJi ﬁ%%ateﬁaﬁn@tdahfdaﬁﬁﬁlse
coefficient Cl can be determned as nt) 2 (Zin-ZnR)

10 WO 2007 1i4itigé2 viRe Metda2 1 Iril dtothdrieX afphd Ilie ﬁm flow materlai;mlhmnctemrisp earf a

first flow pateri al , he correspondin d for .th i rst

f1 ow nat edidih eﬁFCOWOWén%tﬁ%ad'é}ﬁP@ 9018Pr1%?p %’éf%ﬂg‘ ﬂﬁ“PBle&} t??a‘ﬂfé}%r%Po‘Erﬁ“ el'éfn

tine is tNeeofdeRnending.dibe, REClBbibotnl if: AEML! O mterial . |t
ers c

shoul d be and an conprise any-two flow materl al s
havi ng SUbSt anTh@hia)és coefficient C2 can be further simplified as:

C, = CITmZ = Pm2 3

Consequently, the stiffness coefficient C; 213 and the mass coefficient C, 214
can be determined by generating tube periods t and obtaining flow material densities p
for at least two flow materials m1 and m2. Two or more flow materials are needed in
order to solve two equations for two unknowns, as previously discussed. In addition,
the coefficients can be periodically and/or repeatedly determined in order to 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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di stinct densities. For exanple, if the densities differ by at least 0.1
g/cc, then the coefficients CI and C2 can be accurately and satisfactorily
resol ved.wbano7enes¥pl e, the first flow material m can eowpsS2&s/0362gRs and
the second flow material n2 can conprise a liquid (or vice versa). In

anot her exanple, the first flow material m can conprise air_ and the
second f |amplifigasionabuligring ste oMietingévelsit some ox alkpbiledigna! aprrbitienias an hat

the above flow n%%heri als are %veg %as exanpl es, and are not limting. The
mass coefHT: Orn@ﬁfh % rﬁ’c%sél%sryg 2 g'rrplified as: Cz =Cz 1Zniz - An2 (8)

Consequent | y, TnhRidgidd, HemPereRe il Caf Bhalile cdhdm@neatidte beRssenaREhidtai ent C2
214 can be determ ned by generating tube periods r and obtaining flow

mat eri al alesigini¢sed) gnd exdernat dé¢desst Thednteriage AL ean &k sapdblanfampmanoer ofr
nore flow.material iiﬁgllre neeged in_ order to solve two equations for two

unk_nowns,el%\ TPYePOGEY §F BISCHS SR NG tion, the coefficients can be
periodically apgd BheltfROMGH|oe ABIHUThERTs bHRES Ktk £di ﬁ%z%?fnot%hb% ,E5S

and/or mass error conditions. In use, the stiffness coefficrent CI Can be
tracked owkerein thre sefsar sepnabhpdreprisestaatanatogesahsdrestdmil.qlies digitizdresampdat and
determ ne _any changes in the stiffness coefficient ClL gqver tinme. A

stati sti cHpltizasayanalag cabrational sespegscandprodpers tﬁ@:ﬁl&l@ﬂ V&ﬁ@l% FSSPORSEr 1 ow
nmet er hasZICIhanged. The invention provides a stiffness coefficient Cl that
does not Tely on stored or recalled calibration density values. This is in

contrast to thEhgpioeessiid syswhene3 sokdi@topdrhtoomsiattae hkeri etecti®@iLsi20 nd
factory calibration operation to obtain a density standard that can be

used for prPresses flpw medsupmmagntofopplle dlovometer patenibly d 13 pspesspidgsysiem

T T RS R o R RS FOARY Bl AE0necs, L,

stiffnes %Qﬁl@&h&tﬁ@é&@f&?E@%}ﬂdﬁﬁc@bﬁ%ﬁoréﬁém%a{c%isﬂﬁﬁd for a factory
calibration process. The interface 201 receives the vibrational response

211 from one ofh¢ pecessimsitsiem 365 san sorhpOse agengaDRirppse ¢dmpiteads 100 of

FIG 1. The interface 201 can perform an necessary, or desired si.gnal

condi 1 | orfPHEOPORERNESYSHR-AARBEr LS BF SRS PIBGT STETHDIRRsF G AbEemized

PCTI US2 1%§e4sﬂqjg3de@ige1 Hhe processing system 203 can be distributed among multiple
processing devices. The processing system 203 can include any manner of integral or
independent electronic storage medium, such as the storage system 204.

The storage system 204 can store flow meter parameters and data, software
routines, constant values, and variable values. In one embodiment, the storage system
204 includes routines that are executed by the processing system 203, such as a
coefficient 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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anplification, buffering, etc. Alternatively, sone or all of the signal
conditioning can be perfornmed in the processing system 203. In addition,

t he i nt erweceo7a@dds4ean enabl e communi cati ons bet ween t he PagtuseooseB&ot r oni cs
20 and external devices. The interface 201 can be capabl e of any manner of
el ectronic, optical, or wreless communication. The interface 201 in one
enbodi mentube periodp 2L, wi fitst derityipy i228r andwseconddansity ptidi3ei In adddionehsor
signal conprises an al og sensor, signal . The digitizer, sappl and

MF IS b T R R e R S

vi brat i ongliehS&PEEEd Bt nast M61eRMRE 2351 Ng System 203 conducts operations of
the nmeter electronics 20 and processes flow neasurenents fromthe flow

met er assenbl yFiG. 3 isteegmppl o€ §ow € abipstiomFa208 (BKEY vemss sinffness coeffeient

pr ocessi n& r§ tine nd t her epy ro&gssgf the f] ow neasurenents in order to
produce ohe of° #EiPe FHDWAE HRPHL VI HA'E ._fofﬁéybﬁcélc%%‘é’ilﬂﬁt%y tSERP203 can
CONPY [ S€ o, AaRE5AhotRNER 05 Gnfl HORYSken th 1 SaBR £GS $helkr$A5HEDy e 001 C
circuit, or some ot her general purpose or Ttust'om zed processing devi ce.

The pr ocessradposding @orr2RBionanefftieit$if 07 [89%6.e Thapraph thedefonel d@mops@ates giang
devi ces. The processing system 203 can inc¢l ude ané manner of integral or

i ndependethe stifibess ennlacisnidr aepn bavdedip menitor she FQE valusradhe yifaess204. The
st orage Sg(ietéﬁgi]teéﬁél gg}nbesaé)erdgtﬁyege\ag} ?@%}%rgspoa{h%rﬁé}ers and data, software

routi nes, ues, val'ues. ‘I n one enbodi nent, the

storage systenpI@04is NgbweiRst 400bf Aakethdibfor deRrRxRAY b6 fR¥sd R fRFieRaSSI Ng
system 203, such as a coefficient routine 210 that determ nes one or nore

coef fi ci enf s vitoatorshBow metenataordiBg to an emdodirhesdiofrdin invenéors t by deed@lishem
204 stores variables used.to qperate the flow er. 5. The orage system
204 i n_onBelBSHHER Udt SERedarPabIL OSSR RETRE 1O PHAPFGTAR P ponse
211, whi ch Al pﬁ MEEENYR IndiE éalﬁeoevs%t&%ﬂdéhmecﬂﬁﬂififngstﬁﬂﬁ%hsthelﬁl%er and
170R, for exanple. I'n one enbodi nent, the storage syStem 204 stores

const ant sassemdiyf i @.i Antibratianal resgorise igmeasired)laad thé-vibraticamptespondeds ssat age
system 204 can store a determned stiffn coefficient Cl213 and a

det er mi netp gRISEAIR Bt t&b%ﬁﬁ@%?@f@? thFﬁgsgﬁ‘gWéB@e%WémTi’G@b%%l%? t her
g T e A T
coef fi ci eginbbdinten® sdmprib& a frequency response.

In step 402, a first density py,; is obtained. The first density py,; can be input by
an operator, for example, or can be selected and recalled from memory.

In step 403, the meter assembly 10 is vibrated with a second flow material m2
present. The second flow material m2 differs from the first flow material m1, such as
by having 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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storage system 204 can store working values such as a first tube period
11220, a second 12 WD 2007/041642 PCTI US211115 /113 6 2111 tube period r2
221, a fiwetoarwmsisey pl222, and a second density P2 223pcirnusaadiosé2on, the
storage system 204 can store constants, thresholds, or ranges, such as the
stiffness tolerance 230 and the mass tolerance 232. FIG 3 is a graph of
Fl ow Cal iusing thefirfaadorecomCipwunatetislssn] andass ot eart be gerarated GingBHAIgr aph

data was irically. obtaine or atypical flow nmeter. A strong
correl at |W5‘E‘F%@ﬁ¥% nélﬁéo‘l‘—‘%fiﬁp‘é”%@ﬁg! ]ﬁ’_%t his graph, and is further shown
by the corr esﬂﬂ%éiﬂ 1@7, 988 §@bal 'sﬁffn@s%‘i‘:fo_éfffdié‘rﬂtcd%f is $bnpHeediioends@Phessher ef ore

denonstrates that ~ the stiffness coefficient can be used to m)_ni tor the
FCF val uecefficietteC st Thef crasparisonehh beiperforid oaordortadaernioe dethe stiffobssnges

tothe FCF, FIG 4 is flowchart 40Q. of a thod for determni a
sti f f nesOidBemae aéﬁ&m@y 1 bttty SPREGY, hBt EPPREHIARG T B an

embodi me r@o\ﬁaré Q%tiﬁl}gﬁr&%e?ﬁcieﬂtrbh%%toi%gtiffﬂé%@ xolEﬁ%h% 2865 f’ff'fpé ¥tifffedsS

vi br at ed, erelin e nmeter asse contains a first ow material ml.
The f| ow goetfisiestl chagpe becestiathetiffhessaoldrandd 284, tigentthe oneghod tienoixised step
assenbly 10. A vibrational response is neasured, and the vibrational
response 408; gtheawiseothgenethad és ¢mpletet t ube period tim for the first flow

el - T s REEARE . AL LRESIOE NS B, b bpgguency

(i.e., ti =1/ i'ona sSponse 1n on conprises a

f r equencyol@sRRTSO, tHed il @Rorddaditidnlit k&l TdRNEIdr LoRditiohTaf Midhdeghy The fir st
density pm can be input by an operator, for exanple, or can be selected

and r ecaltheshdrrodernoe fiagyvariables indicaton or reigineet er assenbly 10 is vi brat ed
with a second Jrat eri al esent.. The second fl ow material nP
differs from tﬁéﬂ% B& q\yg}ﬁrﬂépe&ﬁaa{neﬂ}qd fgagﬁteggmuﬁ%a e ﬁﬁetﬁclseﬁ%g? Sheti al 1y
di stinct by &oRdoMiRg & dPABbodiBRROBEfel ifvaRiRl RGN 1, theSecond

t ube peri‘gg&t?%f?% élzferm'ﬂe . In stepo4104, a seeclo\rlld densitye%pm I's

obt ai ned, msterh$sembip 10 hevibratsd irdemist toygquierate st tabe perdodigns as prepijquslys

substantially distinct fromthe first density pm, as previously
di scussedisqissed-ep 405, a stiffness coefficient C, is determined fromthe

et omenst L) ol ep 505 o S5l Skngli5, RSB W prtiBudF el dans ty prt. and
In step 503, the meter assembly 10 is vibrated with a second flow material m2, as
previously discussed, in order to obtain the second tube period t,,. The second flow
material m2 differs from the first flow material m1, as previously discussed.
In step 504, a second density py, is obtained, as previously discussed.
In step 505, a mass coefficient C, is determined from at least the second tube
period T, and the second density py;. The determination can employ the stiffhess
coefficient C, and the second tube period T, and the second density pm, (see equation

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

according to:

_ (P = Pra) 2

C, = Tm2 = Pm (9)
Ty

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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equation (7)). In step 406, a second stiffness coefficient CL,t2 is
generated at a second tine instance t2. The second stiffness coefficient
Cl,t2 is wyeneraest2i n the sanme manner as the stiffnesspcoafstoosiosszor C1,
above. The second stiffness coefficient Cl,t2 can be generated 13 WO
2007/ 041642 PCTIUS211115 /113 6 2111 using the first and second fl| ow
materials m ahostepd0qrthe ascand manseretfisieni $ipdgs gompared tofthomapneesifisleniya
and a fourth flow material .n4. J{.?n stelg 4#)7 thte seco? stiff 88 et
coef i ci et B EOmparists il e perfprméd 18 prdef o SErpBiert fhe e < Bepster
conmpar i SogseABIPE REY fubkfiRdall pH?lf.tlfé%H. Qe E8hPRfistecad filrfher Sbmbhrd@sMassof the

nmeter assenbly "10 has substantial 'y changed. The conpari son can further
conpar e accffititnedmngetd & intdse molerhand?2.t I the stass toefisienotliampresc@d6thd f t he
stiffness coefficient. change exceeds the stiffness tol erance 230, .then the
met hod br@ﬁ%@éerwes%@@pth C athed gﬁ@%‘}“ﬁﬂ@%ﬁ@é&@@@&nﬁe@@gmﬁ # step
408, beca%lte&e stiffness coefficient change exceeds the stiffness

t ol erance , then an error condition is set. The error condition can

i nclude any nhigtep 508, eicande the agss veeflialehechdngdiorateals thomasotoi¢rarce 25 5
is a flowmhart 500 of a method for determi.ning a nmass coefficient C2 of a
vi br at or ythen @i et epnditien isisgig The cxier epdHPREAR Mpluderaaty; IHYPRME 08 §TTOF Hagt ep
501, the _neter . I .1s vibrated in order to generate a first tube
peri od 'c}’r?filabies’ I%C?%%uo\sflré&l%ﬁ'scussed. In step 502, a first density pm is

obtai ned, as PrRYI®iS HoRtEAHE0@Of a hidtiidEfr 38R rmidifg ARtitheaseRMMdiynt10 i s
vibrated with a second flow material nR2, as previously discussed, in order

t o obt ai nchdnge sndond masseopEidiend chage ariserdieg theh ¢mbodiment of thel invienting f er s

fromthe first o] terial m_.as evi ousl iscussed. Jn ep .50 a
second delist ey b FF ifins sornelehy Cugi U8 Ry afoR GESHT ml A hghugeles,

MBS S Coefaﬁffgtgiﬁ(sie {tane gﬁt?ﬁgﬁf’s%gtifmé’s@c%fﬂ&&ﬁtcltﬂhﬁ RELAMEL OB o HRFT 0d TnL
and the secon ensity pnt. The determ nation cah enploy the stiffness

coef fi ci edéns@¥ panah filse tibequniddtnihen eonddenFity papcardreesesond tubeden®idtty,,, g

(see equation g/ga). Alternatively, the determ nation can enploy all four
det er ni neBreyEusiiesstibet cor di ng t o

In step 602, a first mass coefficient C, 4, for the first flow material m1 is also
determined for the first time instance t1. The first mass coefficient C,, is also
determined from the first time instance tube periods and densities.

In step 603, a second stiffness coefficient C; , is determined at a second time
instance t2. The second time instance t2 is different from the first time instance t1. Any
amount of time can extend between the first time instance t1 and the second time
instance t2. It should be noted that the flow materials used to generate the second
stiffness coefficient C; , 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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(kh,,2-,P,,2) 2 () CQ=222Zn2 - Pnt 9 (r 1 -Zn2) In step 506, a
second nmass coefficient C2,t2 is generated at a second tinme instance t2.
The secomormasmo4csaef ficient C2,t2 is generated in the saog/usaesmse2as t he
mass coefficient C2, above. The second nmass coefficient C2,t2 can be
generated using the first and second flow materials m and n2, or can be
gener at edcagfiicigntachiahge dxddednihesttidfrieas tolergnceeniB Oa them the mdthedhbrsnckssitalstapd. 14

WO 2007/ 041642 PCTI U$211115 /113 111 step 507, the second mass
coefficiée ’@g?efé’_lsies%@d'ﬂ‘f)%‘%@r?‘i?eg%é ‘%r%&é%oef ficient C2. The conparison
can be perfor npdybNe08 dREarlse tHESEFRS @obfficidhe ¢ beddiahBBliFhessassenbl y
10 has substantially changed. The conparison can turther conpare a mass

coef fi ci etoleratafd, thenannass dooliiaris set2 The drfortchaditmssan gedlbdeamgnt change

exceeds the nmass tolerance 232, .then the method branches to step 508;
ot her wi seDappgE oheriop flagsvariabls iadigator, prepWiesng  pecause the mass

coel Tl clent ChAle, 6% ARG Aird MasTROSHI AR LAY GE comBared D Bl &Rofif iRk condi t1 on

is set. The error Ion can in manner of error ag,
vari abl e, cdefifitient Of ;. The tomparison danGe erfdmad fih ovdeinas tetefiBinefif thermadsad f or
determning a stiffness coefficient chanﬁe and/ or a mass_ coefficient

change ackeflowmgets SHhpseubsantaht changehelhe sampraion canfughepcapnare g massst

stiffness cogffici ' el ' ' at
o1 orpRRBHhCURREe 1 o Mast RfieRatd 532, 1 RUTIRE Shdibicll ohahol B B0l R

det er m negatq @Brande 7331 theRQRS hidthdbranéhdsitd Steptadi3e ofRFWRE, theFhethed Hecond
density pnmt, and a second tube period tinR, as previously described. In

step 602, campletest mass coefficient C2,1, for the first flow material m is

also determngd for e first time instance tl. The first mass coeffj.cient
Cot1 15 al so TUuHopA s ghe EHES PORDERRT ek Shrds M D BITBHE e
densi ti espeh B SRR BRAtioR iS&F 0 The ok tHEHAA 081 frchidtnyGhatierio? fig! €r m ned
at a second time instance t?2. The second time instancé t2 I's different
from t he Varigle, tindieaton s @ang er rdutindnys panimmsty difcussertt can ext end between the
first tinme instance tl_ and the secqond tine .
The method 600 can be iteratively, periodically, or randomly performed. It
should be understood that the method 600 can be repeatedly performed for one or both
of the coefficients C; and C,. The method 600 can be performed at predetermined
landmarks, such as at a predetermined hours of operation, upon a change in flow
material, etc.
The meter electronics and methods according to the invention can be employed
according to any of the embodiments in order to provide several advantages, if desired.
The invention provides a stiffness coefficient C; that is substantially 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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instance t2. It should be noted that the flow materials used to generate
the second stiffness coefficient ClL,t2 can be the sane or different than
t he fl owweatesvmbsizused to generate the first stiffnesecrasbdososent Cl.t1.
The sane al so applies to the mass coefficient C2. In step 604, a second
mass coefficient C2,t2 is determ ned at the second tine instance t2. In
step 605, the The mvegtmm ﬁm@@fmataldireh@n pocess lilsg,ng:tmcpg]r@@rq Bowhe second

tiff fi t 1 t2. b d der t
et or m naMFE Ee Cie PR GRrPerRan O ey e raa B A T ShMEE Hnged.

The conpagififis Sﬁﬂlefﬂw R CRRPRAR. A heSthbvEdtiRscanGReforinCdgbBtatidecesk&y a
stiffness tolerance 230. The stiffness tol erance 230 can conprise any

manner ofthebdetemmnoe chimges o hhsoof thel flovanuterravegémel f t he stiffness 15 WO
2007/ 041642 PCTIUS211115 /113 6 2111 coefficient change exceeds the
stiffness tol erance 230, then the nethod branches to step 606; otherw 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 C2,11 is conpared to the second mass coefficient C2,c2. The
conpari son can be perfornmed in order to determine if the mass of the flow
meter 5 has substantially changed. The conpari son can further conpare a
mass coefficient change to a mass tol erance 232. If the mass coefficient
change exceeds the nass tolerance 232, then the nethod branches to step
608; otherwi se, the nethod is conplete. In step 608, because the nass
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 performed. It should be
understood that the nethod 600 can be repeatedly perfornmed for one or both
of the coefficients C1 and C2. The nethod 600 can be perforned at
predeterm ned |andmarks, such as at a predeterm ned hours of operation,
upon a change in flow
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material, etc. The neter electronics and nmethods according to the
i nvention can be enployed according to any of the enbodinments in
order to prowo mevseseral advantages, if desired. The i nventsmus36201
provi des a stiffness coefficient ClL that is substantially related to
a flowube stiffness of the flow neter. The invention provides a
nmass coef fi CYR#RINE2 that s substantially related to a nass of the

flow neter. T i | i b G A
stored or r elt g{? ?t%lﬂs\{ggﬁng%a@lbgzdr gﬁ@? ?‘g‘% @U@E E?%rée@%ryg%s:agép c{S’rﬁl vﬁs%gsan
coef fi ci ent nttdfiade (20E) fobravehdnk & vibmilonblaticnsadnd espoasas Bhtein@03) iaw
neter. The inventjion prqvides a stiffness. detection/calibratian
process wit [{BEMIRFat é"d%{'l TﬂS r‘ﬂtarf?‘%%,@éﬁnggﬂfed%tﬂ’ Blﬁmﬁ?%ﬁse@) befng

invention caR.RgLfifded calibration process in the field. The
invention can perform’a calibration process at any tinme. The
invention can ptefreenssingalstbmaR0Drbeprowadgurad thmetivetike vibediohdresponse

i brati t | dw.thout, th f | fi lib i
£+ ow mat er 1 diogt e EGgeRB0 61 6,3 7s nriies orpibs A58 of Sy §brihEAc? hete
| nvention C@ bR Rtk bibedletioN T HIBEL St BB HatkbMAL A1, WBF: tht @Weast

materials. The invention can performcalibration processes that _
det er ni ne cleanfewtibs (13¢) ¢Fthe sdraprnfer metw(heandrzeosnate a sagend thie period T,

i nvention c er ihr.at r S...that d rm.ne ch es
e TP TPl BBl A RA85 5 g Rl 061 LIS LRREES o
PCT/ US2005/ Q360 tociéicat €i, Momilthe ¥Rit@tibesdegoll nQ) aahst(RA}itf B, thefsbad tube
neter (5), the neter electronics (20) conprising an interface (201)

for receivi REIYH bt 3 RN dERPse and a processing system (203) in
comuni cation wwth the interface (201), with the neter el ectronics
(20) being characterized by: the processing system (203) being
configured to Theastarel¢dimnwisE@t dfelehn I, ebpaniadézedfin dmt thrcfinsnfler heateial mi

(201), vibrate at | east gnk? rov&ﬂbe (130% %f t he, vi b{.at. ry flow
meter (5) &SAWPHIASERS NG HY §eEpnq Mg EEFIEO A THPRBPS 2 AVAst f1 ow
material m, vibrate the at |east one flowtube (130) of the
vibratory flow neter (5) and generate a second tube period Tn2 for a

second f | ow3mdihe miei¢r aigctromins (dek drchdimel , oharagerizedrie theft te fanst fléwewderial ml

coefficient cccn:xlnpgges air and the second flow material m2 comprises water.

4. The meter electronics (20) of claim 1, characterized in that the stiffness coefficient C,

comprising C; = {p m1 = Pm2) / ((tm))” - (Tm2)?).

5. The meter electronics (20) of claim 1, characterized in that the mass coefficient C,

comprising C; = Cy(z mz)z - Pmz-

6. The meter electronics (20) of claim 5, characterized in that the mass coefficient C;

comprising Cz = [(p mi - pm2) / ((Tm1)? = (Tm2)?)] (T2’ - Pr2-
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a mass coefficient C2 fromthe first tube period T1,,1, a first

density pnt, the second tube period Tn2, and a second density pnR.
2. The net eW(Je?fO@UQ4ﬂMi cs (20) of claim1l, characterized Per/t$rats/Bére1
first flow material corrpri ses a gas and the second flow materi al

n2 conprise ) e tronics (2 claiml,
Character s 2dd TR %@W@mﬁﬁ i B e AR RS AN
the second flow g@:ﬁeﬁtir@} é@o@ﬁﬁfﬂe%@éoe‘f@&&{t Ci4-at AREcIMRIBRe; €l ectroni cs
(20) of clalml aracterized in that the stiffness coefficient C,

conprising G (:ﬁnparmg)ﬂm)sedon(l(strfﬁu)sz coeffiTien) @) & thFkeffnesseoefficient C; and
el ectronics (20) of clal at th

coefficient C2 = EUHpH ‘Wgerf‘?f CQ%%‘;? gtb?%%ﬁh&tt ess goe f}ﬂgntr%t%qlffers from the

el ectroni cs gfif#fhss @éefﬁbﬁhmﬁh&ﬁb% t@iﬁﬁ ﬁ?t@d@@rﬂnﬁxeﬂ b@fmésbeolgﬁﬁse.
coefficient C2 conprising = [(P - Pm2) / ((Tm)2 - (T nR)2)]

(T M,)2 - P2 18 V\D 2007/ 040542 PCT/ US2005/ 036201 7. The neter
el ectroni cs (%%)e er el&'ttmnjcs (gﬁg%[f%ﬁlﬁ r| a?a(ijadté} Z%Q%’[h rﬁ@%ﬁﬁomr{rlsmg

COI’TpI’I Si ng. genera I'ng a sec St néss COG I clen

second time; conpaddriihd Necendmask sktfidiarss ,aoetédonteinie;C, , 12 to the
stiffness coefficient C,; and generating an error conditjon if the
second stiffness ce@BMiTLig ﬁ%wesi,nz@s avqlfigfat Croin thhmasseqethcigdLr; and

coefficient C, b |
e Tecer el et AR A0t Sk 8 ARt L] ARSRLA) AR b e
conpri si ng: magecmthticmoCabseorntamapedenahined imasg tol2ark2. at a second

time; conparing the second mass coefficient C21(2 to the mass
coefficient C2; and generating an error condition if the second nass

coefficient gC %%th@uffBﬁa&erhﬁ%gtafsﬁffngﬁ%eﬁﬁ%fnt CEbEAViLERoRYIdW R NES
a predeterm ned nmass tolerance. 9. A nethod for determning a

stiffness coetifdddosmris@ig: of a vi brat ory flow neter, the nethod
conprising: vibratin e Vi rato

rerer “and gener A 25250 BRFRbLPEIRRR Ry LA el

mat er | al M tubelRridBtNOtbr a@rﬁmmma&eﬁaﬁmu Z#d nkyhod beidy aiaurtgeltzh@ bgt
| east one fl owtube of the vi brato(rg% flow neter and ﬁ eneratin

second tube peri déPritnpthe g Ieastgéé_ avteheat thavieratery fhepv maky and ger generating a
det erm ni ng (L NG, Sil S83%,. £ RE k&M ovCmaldMbNgd | rst tube period a

first densi t
determining the stiffness coefficient C| from the first tube period 1. a first density

Pmi, the second tube period Ty, and a second density pma.

10. The method of claim 9, characterized in that the first flow material m1 comprises a gas

and the second flow material m2 comprises a liquid.

11. The method of claim 9, characterized in that the first flow material m1 comprises air

and the second flow material m2 comprises water.

12. The method of ¢laim 9, characterized in that the stiffness coefficient C; comprising C,

= (p mt - pm2) / ((Tml)z - (’E mz)z).

3. The method of claim 9, characterized in that further comprising determining a mass

coefficient Cy comprising C; = Cy(t mz)z - Pm2-
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p,,,,, the second tube period tin?, and a second density p,,,2. 10.
The nethod of claim9, characterized in that the first flow materi al
m conpri sevaryas4osend t he second flow material n2 conprcsesz@s/036201
liquid. 11. The nethod of claim9, characterized in that the first
flow material m conprises air and the second flow material n?
conprises water. 12. The nethod of claim9, characterized in that the

stiffness cqegf HhGl ISl DI - . - Cl: -
(L1 sy, 93 e o AP, Shgfond o R s by e s
conpri sing detféicinhCngomprissg C; eq&f £ii-qieMt (G2 e erpihsine)’ Conz
C(T,,,2)2 - P1112 19 WO 2007/ 040542 PCT/ US2005/ 036201 14. The

nmet hod of claim9, characterized in that further conprising

det er mi ni ng 13, rf?i%%etl?&?&ffdléihﬁ@,tchg%cﬁﬂ%yihstflaﬁgw‘é%r:o&%ﬂsi?{g; - pt)
((211,1)2 - (T n2)2)] (T n2)2 - Pnp 15. The method of ol & m 9,
characterized i ngehattingi sdvend sdliiprss spaffjcienigenesntat sengndatirsecond

stiffness coefficient .C 1,t2 at econd.tine. c ari. t he con
stiffness coeffi fpglﬁﬁrlﬁ?h?fe?o&dtsﬁgﬁgﬁsicf)fa ’&eg? E@é?gﬁ?i%%e%ﬁegﬁﬁm 8‘; and
generating an er lpefierg@iid &odt dohdiide 5@ 9adna tiifhiresscrorhf €Ll 8MerGrom the
1.12 differs fromthe stiffness coefficient C1 %ﬁ{l nore than a

pr edet er ni n&H{fBessCpefdisiont bf by mreethane proferasmiverd stiffinegsdelerarcni ng a
mass coefficient C2 of a vibratory flow neter, the nethod
conprising: vibrating at |east one flowtube of the vibratory flow

met er and gdéerainithgd dof ddt@inihinbe mapecoadlcicht, C; bf £ Vibragord/iffost mble®Whe method
material m, the nmethod being characterized by: vibrating the at
| east one fI°6WPUPEEOf the vibratory flow meter and generating a

second tube peri Qgh-Judol4 1EQF o AGGRRE of h@%ﬁ?ﬁoﬁ haty fer a?ﬂ%gn%raglég a first tube

determ ning the mass coefficient C2 fromat [east the seco
peri od 'E, 12eriaht. dor 3 ficodidwdeasiitlymp, the thethbd. belitpechaetictenidedby:cl ai m

16, characterized.in.that e fir flowgmterial in 1 conprises a.
gas and the secdMi*#i% er?il[éé?tioélleﬁ%‘m& rMSE f@éorp’ifﬁm Hl.eter{gl? §Herating a
net hod of clsadoiifbe gehdtags efriazethidrid atatdAenbt kst flow material in

1 conprises air and the second flow material n2 conprises wat er. 19.
The method of cl deitrdlingHgreess eptifeignt (o fromtat igaet thassondakipsiiettmCand a

conpri sing ggcoﬁd density Pma2.

17. The method of claim 16, characterized in that the first flow material m1 comprises a gas

and the second flow material m2 comprises a liquid.

18. The method of claim 16, characterized in that the first flow material m1 comprises air

and the second flow material m2 comprises water.

19. The method of claim 16, characterized in that the mass coefficient C; comprising C, =

C 1 (T 1112)2 - Pma2-

20. The method of claim 16, characterized in that the mass coefficient C, comprising C, =

[(P ml = ,sz) / ((Tml)2 - (T mZ)Z)] ('E 1112)2 = Pm2-
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z 20. The nethod of claim 16, characterized in that the nass
coefficient C conprising C2 = [(P.,,] - Pn2) / ((tim)2 - (T nR)2)~
(ti 11, 2) 2wo mo@e+2W0 2007/ 040542 PCT/ US2005/ 036201 2ecT/Thmosresstvod
of claim 16, characterized in that further conprising determning a
stiffness coefficient C_ conprising : - p112) [/ ((r,,,,)2 -
(ti "2)2). 22 Thereethed pibelaipt @lcamwrazecbmﬁacf wher zewpriping Waterfhimngver

conpr i S1 N0: eenel ahi g, & 8agAd Res: Goel £l gient 2L 253t a second

time; conparing the second "Re’ nmass
coefficient C2; and generating an error condition if the second nass
coefficient _C2, 12 differs fromt mass, coefficient C2 by nore than

a predet er M2 edieraghod of dpignlie. Ch?@Cte}l\ZWemﬁbﬁ frigher geppFifiNgi ng a
stiffness coeff 'g“eh&%n%gi‘ %d'n'ihsé‘cc‘:{érfﬁfn%ﬁﬂg%g i Os?’é! the method
Re Vi

conpri sing: vibrating as one rat ory flow
meter at a firstcotripmeing tist ol mkss maﬂicmﬂ@aatmﬂgrﬁasﬁ kcodfticienb@;;pad i od
ti,,,,,t, for afirst flow materia t he nmet hod hejn

characteri zed byE*DFieHR&ATR FEOX ?@dﬁoqlgigﬁse‘&ﬂ?@ 358 {PEfHeieRt Ca.e differs from the

subst ant i al hysstcberrkiehst, bl MRort fshans&edmand mé!s@"t‘cﬁé@héé"g a second
tube period 'c,,,2,t, for a second flow material nR;, determning a

first stiffness coefficient C ,t, at the first tine instance tl from

tube pert ot A& mtidd ¥y afermipies s trhl RE RN bR it p viraipion o Ry e
| east one fhembdibematisiag:second tinme instance t2 and generating a

third tube period T,113,t2 for_  a third flow material n8; vibrating
the at |east one'ibiaBing aﬂdéa%tongﬂagﬁ%tqfalnq yibragsy Slovometet ftrieflishimg prséance t1

mat or gt it e dBRAREL) B adfieraddu bRl kR b

second tlrre:harasteatae@byz from the third tube period ti,,,3 12, a

third density plng3, t he fourth_tube and afourth
density p, 114, t 24 féﬁag Méﬁ%swetfﬂfa\'fﬂb?g %fﬁlft¥aﬁa§§e ﬁ’@é ipedngapced and

and the second.shihtages BREIEORIEN frarsofond fIphlial prodet ern ne i f

a stiffness of the vibratory flow has changed betwéen the first
determining a first stiffness coefﬁcwnt Cy.q at the first time instance t1 from the first

tube period i, a first density pmi 1, the second tube period Tz 41, and a second density
Pma2.1s

vibrating the at least one flowtube at a second time instance t2 and generating a third
tube period Tya o 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 T4 for a fourth flow material m4;

determining a second stiffness coefficient C; p at the second time instance t2 from
the third tube period tyn3 p, a third density pms 2, the fourth tube period T4, and a fourth
density pma.r; 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 t! and the second time instance 2.

24. The method of claim 23, characterized in that the first stiffness coefficient Cy 4 and the

second stiffness coefficient C, p comprising C1 = (P mi - Pm2) / (('cml)2 -(t m2)2).
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time instance tl and the second tine instance t2. 24. The nethod of
claim 23, characterized in that the first stiffness coefficient G .u
and the sé&tQrW7/84054f ness coefficient C ,t2 conprising €CTAESEP5/036301-
P,,2) / ((till)2 - (ti 112)2). 21 WO 2007/ 040542 PCT/ US20051036201

25. Th t d ; -
det er m‘enirrﬁq&o et bkt i FhRarE e e bl s coBbtiopngs
coefficient C2, lfierG@RE b Firfionds? ccefﬁbi%ﬁiccﬂigﬁd% secBrd thdss GRETGAIRELI Ng

the first mass coefficieéent ,11 and the Second mass coefficient
C2,12 in crodwrising Get Sr(minne - ph2;andrass of the vibratory flow neter
has changed bet veen t.he f| and the seco n;{gezin

i nstance t2. 26.°°fH& Iﬁ‘%t&ﬁ: ttlfla%slcgl ?ﬁcﬁgééﬁgpéh}eegﬁ%dnﬁﬁcp fete

further corpaérshRAgterdiicef MnAbI6r tBe HibkabryPass neRehld @laaBdd Sdwédn @e #rd time
second mass coefficient C2,12 conprising C2 = [(P Il T - PnR2) /

((Tn,i)2 - ipgtance} anq thepeqoppime instancot2. and conparing the first mass
coefficient C2,11 and the second nmass coefficient C2,12 in order to
determne if a mass of the vibratory flow nmeter has changed bet ween
the first ti6erheimethadotcltim 2hahhheteseabindhdtifofthdr Rstnprisiagt 2. 27. A
met hod for determning a nmass coeffj.cient change in a vibratory flow
meter, the met HEETEGNBE ?ga FHERasy PHHEL A at affdeaa%etco%@aﬁ HREBRL St he

vibratory MR, #of [BESY (4%, LREINERYL L pog? oonerat L0 2

bei ng charact erqomfdnbg theviitst :amsm@effmenaﬂz h aad thecmeorfdl roggsubeffatent Cy p in
e o | et B8t AL ST e R SR B SES0G v e
first mass gaehde1CiagtheGeddnH tahe tRENEe St time instance t | fromthe
flrst tube period a first density p,,,1,1i, the second tube period

'nl2,11, and a second density Pnl2,11; vibrating the at |east one
oW 02 a2 S50 I I SR b SoPRAEBRURL O A i MRS
one flowt ubeethbd soptigng:i al |y the second time inst ance t2 and
grgrz,ner ating af Ouvrl%gtlglg 2’? leaps(?c I’olng %o;vtub]é%f :tLhZe J1g;atoary ffl%gvrégtez lltoe}.N ﬁrr:]s?‘;[u%re I1r?s|tance tl
and generating a first tube period 1ty 1 for a first flow material m1, the method being
characterized by:
vibrating the at least one flowtube at substantially the first time instance t1 and
generating a second tube period 1,24 for a second flow material m2;
determining a first mass coefficient C, 4 at the first time instance t1 from the first
tube period tn 11, @ first density pmi i, the second tube period iy, and a second density
Pm2.1:
vibrating the at least one flowtube at a second time instance t2 and generating a third
tube period Ty for a third flow material m3;
vibrating the at Jeast one flowtube at substantially the second time instance t2 and
generating a fourth tube period T for a fourth flow material m4;
determining a second mass coefficient Cy p at the second time instance {2 from the

third tube period Ty;3,2, a third density pmap, the fourth tube period Ty 2, and a fourth

density pmarn; and
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determ ning a second nmass coefficient C2,12 at the second tine
instance t2 fromthe third tube period -C 13-12, a third density
2,13,12, theobauntdsst ube period ',114.12, and a fourth PrEEFNSRE0F/036201
2,,,4.2; and 22 WD 2007/ 040542 PCT/ US2005/ 036201 conparing the first
mass coefficient C2,11 a d t he second mass coefficient C2,t2 in order
to determine if SOHERDESRE fiFst mashroRtBFigt Caovingehepechnd mapnsasdicient Cop in
bet ween t he I

26, The ot o roal e 3R @RERL AR B SRRG RS Kbl BEARA Y s ime
coef fi ci ent inG2nte tleand thdeecosdtmmdnstass tZoef fi ci ent C2t , 2 conpri si ng
C2 =C1l (inm)2 PnR- 29. The nethod of claim 27, characterized in

that the first mass coefficient C2,11 and the second nass

coef fi ci ent 22Th@meMIRIol $ialtd 262c

n2)2)] (ti )2 - Pre- 30. The r?eatricgé;"zg?%thgf@hkf{mt(“(a[?g%egtﬁgff“(z%‘ gnd the
that furt hepecendprabsiasdficienstiepniommiying @i T S1(tst)V £ baess coef fi CI ent
Cl,tl and a second stiffness coefficient C,12 conprising C, = (p

nil - Pn12) / ((tim "2 " (ti nm2)2); and conparingthefirst
stiffness coef Themetod Gt clatm andcHabrt&e@ndihat fhE Fing $5as6 @&ffhbl%hﬁ@}” and the
Cl,t2 in order to deternmine if a stiffness of the wbrgtor | ow

meter has cH&ABRMABRIORERCH e ofqommrising Goe= [(Ast apes / ((Tmah
time instance t2. 23

d(mb)]sieeﬁ NoPmz.

30. The method of claim 27, characterized in that further comprising:

determining a first stiffness coefficient C, ;; and a second stiffness coefficient C
comprising Cy = (p mi - pmz) / ((T1)” - (T m2)*); 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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