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A typical Coriolis mass flow meter includes one or more conduits that are

20  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, lateral,
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

25  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. Density of the flow material can be determined from a frequency

30  of a vibrational response of the flow meter. Two or more such transducers (or pick-off
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 pick-off sensors are generally connected to electronic
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instrunentation by cabling, such as by two i ndependent pairs of wires. The
instrunmentation receives signals fromthe two pick-off sensors and
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multiple drive coils are required, one on each side of the flow tube. This configuration
requires an excessive number of parts, which can be costly.

25 In addition, the drive force should be nearly linear. Although most vibratory
flow meters are built with a linear drive system, some flow meters, such as the flow
meters mentioned in the ‘329 patent lack a linear drive signal and therefore, generally
cannot support complex drive signals. One approach to address the linearity problem
would be to increase the size and strength of the magnetic coil.

30 To address the unidirectional problem mentioned in the ‘329 patent, multiple

coils can be used, or alternatively, a hard magnetic substance including a north/south



According to an aspect of the invention, a flow neasurenent system
conprises: a vibrating flow neter including: at |east one flow tube; 10a
driver adapteth/dssoapply a biasing force on the flow tubegcTarsdooa/os@ser

el ectronics configured to generate a drive signal to vibrate the flow tube
about a first deflected posjtion, wherein the fjirst deflected pasitiaon is
of f set frféﬁﬁ &£ bryvappbed fedbe floay tthbs. Pirese solBiops arpeexXPensiEe sngnzpy be

i ncl udes Pﬂi%éﬁ‘%?ﬁet i ofsjrzg{a{n%ﬂcﬁv%?lcﬁnst[‘ﬁﬁtlsbi asing force applied by the

driver d ects ow tube 1'nafirs rection. Preferably, an

i nherent el astTid pies@ft ihentfdnovwdrobacdeidsechd dthe plobleniuube ihdorpoeiagnd
direction opposite the first direction. _Pr eferablhir,. the drive
si gnal vishige deiverreilfqapableutfevibetingdhe iloav fubss usigi @ complexh@nzosippatthat

deflegt ed %)osi ;ia‘én raqu a se{;Tond geflect ed position. Preferably, the
met er Sel SEPY BIFTHE PO Rt TEM ¥ Gur ed to generate a Iinearization

al gori thmsprefrerably, the flow tube further conprises a magnetic portion.
Accordi ng to anot her aspect of the invention, a flow nmeasurenent system
25conpri ses: aAwiobdiagitmgn hépeat abthennvantiohya flog: measulaaett spstemfdoowprisabe; a
driver adapt eda \t]igra%%pIﬁ/ovgmbeitearsihagd{n%:r ce on the flow tube; and
at least one flow tube;
10 a driver adapted to apply a biasing force on the flow tube; and
a meter electronics configured to generate a drive signal to vibrate the flow tube
about a first deflected position, wherein the first deflected position is
offset from a flow tube rest position.
Preferably, the drive signal includes a voltage bias.
15 Preferably, the biasing force applied by the driver deflects the flow tube in a first
direction.
Preferably, an inherent elasticity of the flow tube deflects the flow tube in a
second direction opposite the first direction.
Preferably, the drive signal vibrates the flow tube between the rest position, the
20  first deflected position, and a second deflected position.
Preferably, the meter electronics is further configured to generate a linearization
algorithm.
Preferably, the flow tube further comprises a magnetic portion.
According to another aspect of the invention, a flow measurement system
25  comprises:
a vibrating flow meter, including:
at least one flow tube;
a driver adapted to apply a biasing force on the flow tube; and
a meter electronics configured to generate a voltage bias and a drive signal and

30 apply the drive signal including the voltage bias to the driver to vibrate
the flow tube.



a neter electronics configured to generate a voltage bias and a drive
signal and 30apply the drive signal including the voltage bias to the
driver towoi2broatsseobhe fl ow tube. WD 2010/ 068202PCT/ US2@08/1386@28%6233
Preferably, the drive signal including the voltage bias vibrates the flow
tube about a first deflected posjtion with the fjrst deflected pasition
bei ng of f set fPrTSE?F?&’lYaI tBedriye 8 gnakinchiging theryoltage bias vibratpy gredigpitybe ¢ he
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bi asi ng fiogberesap@iti@d by the driver deflects the flow tube in a first

di rection. Preferably, an inherent elasticity of the flow tube

defl ects the fHrefgratipethe drize sienahabehtesebe iflon Bidpbetweentarestpasstongdp feett i on.
10Pr ef.er apl the neter electronigs . is further configured to generate a
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met hod for operating a vibrating flow neter including a flow tube and a
driver cahreciises the step of: 15vibrating the flow tube about a first

defl ected posi wherejn first d offset froma
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algorithm.
Preferably, the flow tube further comprises a magnetic portion.
According to another aspect of the invention, a method for operating a vibrating
flow meter including a flow tube and a driver comprises the step of:
15 vibrating the flow tube about a first deflected position, wherein the first deflected
position is offset from a flow tube rest position.
Preferably, the step of vibrating the flow tube comprises applying a first biasing
force on the flow tube with a driver based on a drive signal with an inherent elasticity of
the flow tube applying a second biasing force opposite the first biasing force.

20 Preferably, the step of vibrating the flow tube about the first deflected position
comprises vibrating the flow tube between the flow tube rest position, the first deflected
position, and a second deflected position, with the first deflected position between the
flow tube rest position and the second deflected position.

Preferably, the method further comprises the steps of generating a drive signal

25 including a voltage bias and applying the drive signal to the driver to vibrate the flow
tube.

Preferably, the method further comprises the step of generating a linearization

algorithm for a drive signal sent to the driver.

BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1 shows a prior art flow measurement system.
FIG. 2 shows a side view of a prior art flow meter.

FIG. 3 shows a prior art drive signal.
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20Preferably, the step of vibrating the flow tube about the first deflected
position conprises vibrating the fl ow tube between the flow tube rest

posi ti on,wohe1ddss®k defl ected position, and a second deflCeaiseespeassi on,
with the first deflected position between the flow tube rest position and

t he second defl ected position. Preferably, the nmethod further
conpri ses t he Hledshews gdiay Brepngement sXEes peroafing 50 A cOpRAEnentvbtheage bi as
and appl ylh{;lé}}t{?lae drive signal to the driver to vibrate the flow tube.
Preferably, e nmet hod further conprises the step of generating a

| i neari zati on FIPSrshbwafméteBeldetrotdcSa@oaling ein Embbdiencat b hic. intaiitioh.
DESCRI PTI ON OF THE DRAWNGS 30FI G 1 shows a prior art flow measurenent
system FI G XI6héwhows gisguargidsivesiong! peqonding te ap eepoginent of hegnventyions a

prior .art dri L7gs 8' . V@ V2.010/f0(633f§3202p er/ U82r018/ 08a623rr?1’P e EI e4 shows
a f1 oW measur drent gy‘é’?é‘r?‘i‘ CHEP G MG AR e o b limept & Pon. FiG
5 shows gni®itRnh, €l ectroni cs according to an enbodi nent of the invention.
FIG 6 shows a square drive signal according to an enbodi ment of the
i nvention. SFIKEG. 3 sbhews micsiadelrwicsnged. a flow meter according to an
embodi ment - of IFI%? 9's \olsvrs]tal flve signal according to an embodiment of the invention.
FIG. 10 shows a side view of a flow meter according to an embodiment of the
10 invention.
FIG. 11 shows a side view of the flow meter according to another embodiment of
the invention.
FIG. 12 is a graph showing the relationship between the force experienced by a
flow tube and the distance the flow tube is from the driver.
15 FIG. 13 is a graph showing the relationship between the force experienced by the
flow tube and the distance the flow tube is from the driver.
FIG. 14 shows a drive signal along with the force experienced by the flow tube.
FIG. 15 shows another drive signal along with the force experienced by the flow

tube.
20 DETAILED DESCRIPTION OF THE INVENTION

FIGS. 4 — 15 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

25  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 prior art flow measurement system 10. The flow measurement

30 system 10 includes a vibratory flow meter 100 and a meter electronics 150. The flow
meter 100 includes a flow tube 110, a driver 120, and pick-off sensors 121, 122. The

driver 120 and the pick-off sensors 121, 122 can communicate with the meter
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FIG 8 shows a prior art drive signal. FIG 9 shows a drive signal
according to an enbodi nent of the invention. FIG 10 shows a side view of a
fl ow nmet ewoaomuesiong to an enbodi ment of the 10i nventi oRCT/US2008/686333 11
shows a side view of the flow neter according to another enbodi nent of the
i nvention. h showi_ng the | ati onshi p between the

force ex ﬁé@qw&ég{%Viﬁqiaa%ﬁ?giraigfénbz% he b @Pﬁﬁr@iwmwm EUDETIESY thsm t he
exper 1 encad By he o B BERRRE 8 (PCe el AR, B BT o e

driver. Rh&udibé tahavsliaitdd ko€ IowWgRed, aaleasigy, whtlla rhéter V@ift@tionperi enced by
the flow tube. FIG 15 shows another drive signal along with the force

experi enced bylntmrartioaavx/lﬂltuidoémelzsdhwﬂm i@bﬂmasmmm]@txlﬂafrgeri-@ anme e
FIGS. 4 -,15 i i pt | i ifig .
oSt nolB SR R BB EREDSRARE: BRBLCLar PRSVILEWBIBTR! Bolie

i nvent i onhe FRfw LR PLU, RRS AriRbr 12@GBHAE h RYRBL YR Qbﬁﬂﬁ%_%@ﬂowsﬂiﬁ% 110 to
conventional aspects have been sinplified or omtted. Those skilled in the
art will appten st eclktdrmtmamsr.f rom t hese 25 exanples that fall within the

scope of the inv i,on. Those .skilled i.n the art will appreciate that the
fealtoures descrﬂﬂgg BAVGUR Sidf VRV 08 i REar ?‘rﬁ%\?g‘ﬂn&& 1\?/Qyp Stg‘ofvfﬂ"rﬂl ¥l e

variatio i i-an. i i | t. L to
Vhe epeci Rocoriytfcl YR AN 165 fhd £3HL{ mabhe, EENTHORH| &, ROacchlin el
equi V@l erths pribt &Gt flbwshrews 1800s cayabde of Bdtbwitraesiag tiesrBoty tahst edmddrepthiemg | ow

measur enment 30 s%stem 10 includes a vibratory flow neter 100 and a neter
el ect r onitBe fleyotubad 40+ [Thgreherecthe £ fubel ldferasaosailbafe aipyed prgst ResHIANESZ 120,

and pi ck- enso , . Lv.er . i Gk of f 121,
122 San s BENAER o Erons FRn Gk 75y SRuBRD A R0 e e 3502
el ect r oniths fIbYOméter 100adsy beArivid by alditnpld RRUSSHEN dieVLEiEhifIN (DSaslHdwaain
process the signals received fromthe sensors 121, 122 to produce fl ow

measur emdd. Brindpdiagi both poigvaandgedative gorrenty valtage companditew rat e, a
densiltsy, and E’Flra:"t3e gho‘(x?sreil E}i\%ﬁ tsiig%g'l' 300 according to the prior art. The drive signal 300
is shown as a simple voltage versus time graph, where the units shown are arbitrary.
The drive signal 300 comprises a simple sinusoidal drive frequency as described above
where the drive signal 300 includes both a positive and a negative current/voltage
component. During the positive current/voltage portion of the drive signal 300, the flow
20  tube 110 is pushed away from the drive coil 120A as depicted at the flow tube position
221. Conversely, during the negative current/voltage portion of the drive signal 300, the
flow tube 110 is attracted towards the drive coil 120A as depicted at the flow tube
position 220. The drive signal 300 provides adequate results for the prior art flow meter
100 during simple operation. The drive signal 300 may be inadequate however, for flow
25  meters that lack the ability to both attract and repel the flow tube 110 from the drive coil
120A.
FIG. 4 shows a flow measurement system (20) according to an embodiment of
the invention. The flow measurement system (20) includes a flow meter 400 and a
meter electronics 450. The flow meter 400 includes a flow tube 410, a driver 420, and
30 pick-off sensors 421, 422. Although only a single flow tube 410 is shown, it should be
understood that in other embodiments, the flow meter 400 comprises multiple flow

tubes. Therefore, the present invention should not be limited to a single flow tube
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In operation, fluid enters the inlet 101 through an inlet flange 108 and
exits the 5 flow tube 110 at the outlet 102 through an outlet flange 109.
As the flwbaofdwsm®2t hr ough the flow tube 110, the drivercia®2@pgpbizes a
drive signal causing the flow tube 110 to vibrate in an oscillatory manner.

FIG 2 shows a side view of the prior art flow neter 100. As shown, the
driver 128s@8nplhsdewamgier ¢80 dppimityda thefoy weteysd OReysenrt thotole fraye tehs ver

120 accordinn iQr. ' of

attract i g Rt Rpgd et pidH o KM TR Bnc ity d BeBRREIR, " rhBiia o,
the fl ow dngbembddinteny ofsthi| inatrticd), Qb® dn@eretist pdrtish t420N c@Agribat vaan-ridigl
defl ected positions as shown in the dashed |ines 220 and 221. Therefore,

t he fl ow megnetic Tootiomy Heaveyer, vk shajd deginggrséoast thas ethgaimaderiale nygbars®00 as

shown i n FI 3 incl.udi bot h, positive. and negative current/voltage
component e e s e Bibo GO PRY vl iRl BB E Rkl Geflso TR e,
The dri vesi @R@br 300 cbsldSdyiptisRSa ﬁqa%h_@ﬂf’ét@ac}i@dl QAR VI8hStide 410BsiAN APk thwher e
the units shown are arbitrary. The drive signal 300 conprises a sinple

si nusoi ddlowmiater fGesheevicin BEG.desdheteéate adependinigesrethermrdeulsremsiegrabiisein0
i ncl udes both a positive an negati ve current/vqlt .copponent . ring
the pos P RTMPEHE R G- Jor SEH 440 TG 0B Grtls R arvSHB Haneia i 20
tube 110 % SHIOAMFANRY (L] BGRu! TIPblbelARA as depicted at the flow
tube position 221. Convers , during the negative current/voltage portion

of tHO drive sIgnétives@0 ankiehé pook-dfliibensbt042 5 420t qaacioatntmeate ogitlt hended ve
coil 120A as depicted at the flow tube positjon 220. The drive signal 300

20. T
provi des Aedpritset Yoxig) leadst 33, 1448, ped-oMefer cleclonisertaP caDOCeRIYS Hip SR e
ti s T i j i t h - f 5
opera 'O%é%na:l"sg gﬂ&@’tﬁesg%@. nfggcqgﬁg{}%&%w%%g%@ £ 1048V &1y 1{:,;? s 4?9%42

neters t he "abiTi ract and Teépel” the ow tube 7110

from t he sgeeavel0l | THS OdterFEIGetréhis a8 oan fProvesIBAS Wid Bt sigiEd enchrPhte
according to an enbodi ment of the invention. The flow neasurenent system

(20) i nclfliédlaw finfownaienr Thdindemnaiione rlmgew #l totlaeri ivfornmoonTiseappligd byet er
422. A1 1 Hovgh SN STRLI i chpB 485% s bt shotnh "oEN ARt oo
that in_ Qib&fon! IigeRdwn il BRafclk aWallgh #1G490 conprises nultiple flow
tubes. Therefore, the present invention should not be limted to a single
fl ow tube WO 2010/ H6BRG2RETF/WS20RB/0®61R233450 according to an embodiment of the
invention. The meter electronics 450 can include an interface 501 and a processing
system 503. The meter electronics 450 can receive sensor signals 510 from the flow
20  meter 400, such as pick-off/velocity sensor signals. In some embodiments, the sensor
signals 510 can be received from the driver 420. The meter electronics 450 can operate
as a mass flow meter or can operate as a densitometer, including operating as a Coriolis
flow meter. The meter electronics 450 can process the sensor signals 510 in order to
obtain flow characteristics of the material flowing through the flow tube 410. For
25  example, the meter electronics 450 can determine one or more of a phase difference, a
frequency, a time difference, a density, a mass flow rate, a volume flow rate, a meter
verification, etc. In addition, the meter electronics 450 can generate a drive signal 511
and supply the drive signal 511 to the driver 420. The drive signal 511 may comprise a
simple drive signal, such as the drive signal 600 shown in FIG. 6, or may comprise a
30  more advanced complex drive signal, including multiple frequencies, such as the drive

signal 900 shown in FIG. 9. The particular drive signals are discussed in more detail

below.



design. The flow neter 400 is simlar to the flow neter 100 except that the
fl ow tube 410 includes a magnetic portion 426 rather than the drive nagnet
120B. Acowodbrigesm2one enbodi ment of the invention, thePIRgIset08O8q2e3ti on
426 conprises a mu-netal magnetic portion. However, it should be understood

t hat ot her naterlals naé be used 5 and the present inventiagn should not be
linmted to nu-lRetdditiohattBe inagter elpa‘mm& e ant gfacrato W YRitage Yigo> é%lf%t e

conpri se t t ha ter
100 shovvn(ﬁ} n : 5?.1' 'arlﬁer glflg?oee ‘E'rgjee%getér?l I %%?gn\%%gé bargsf ?%% gsr EHrartle ?’qu%ssed
for the nEgnehe@nper ticom adbrent beveltdgéehatdid Apphyd anihy dBcald eddidodtd v t he
flow tube 410 in a single direction, i.e., pull or push the flow tube 410.
10The dridriie mglwléﬂdatsa@rdowr @werg»é/@étég% 0ﬁ2116 appirdcagnal dynupresgtemipadh a

nmet er electronl 423, 424, 42 Iec roni cs 45 can
recei ve tHa° ‘*E%n iglé%i%ﬁ '%la? %ﬂ% PAE eredt Sea*hﬁ’ 38%?1%‘3 Eaék Bt LM or %21,
422 via lradse b 51422%1ayr@oiﬁ19&§el x%yltwwﬁ AabeitivRl Ao iss 490Q faficlaocess
the pick-off "signals to conpute fluid flow information. This informtion,

al ong wi tvoltegh drasimby daptridoon thespappilpetagyeticmattred aeiloc driont osed450 theyer
path 26 t ut|I|§@®|on means (not shown). The neter electronics 450 is
showninfgq ke et ai | in FIG 5. ~ FIG 5 shows the neter electronics
450 accordi ng i @l f%ﬁ)&%ﬁﬁ@&wgfcaﬁ%d géﬁfe&l&tb%mmem%a@a{ §lao ﬁhﬁﬁ%ﬁ@“'ﬂ?e 450
can include an interface 501 and a processing system 503 e neter

el ectlonilaradodlicnagi goethen ¥é3 sm;soasmplilgnahse Fitfing, r folerinpe ahdpbifyid@, aet erhed00,

such as pick-off/velocity sensor signals. In sone enbodi nents, the sensor
si gnal s gmyagziggealgadtiny ed 3 fmémeH@eérthCé?atQZ’ohnWedrH@t wengd) &t peRls: 450

can oDer af & 5,8 A5 QIR OF 1A GRELANE AR Sk LOIRIES 13 may

i ncl udi ng operafing as a r ow rre ronics
process teus@dneoprovidinal mofelGnédd dﬂ\d:eglgha bidedi dh bh QKigingr 8Gl-Bhéstdioe of
the material flow ng through the flow tube 410. For 25 exanple, the neter
el ect r onisegad5ie. cgragee drarineargasomof fly drivg signphashe grripes &mstonsg of the

frequyency, a tinme di a density, s flowrate, a volune flow

r at e% ?tSF elﬁgtf?l?fli:%%ﬁ grf{:sc(,l.\l?%ed lpﬁn%{ﬁcﬁiieﬁa] ]?qe%‘f’he neter el ectronics 450 can
generate a drip mk@hrb BhlcaAndcsiVORhY séfier gfgh)iﬁ $hiANAe p%kloﬂf%eﬁélﬁs dpi ver
420. The drive signal 511 may conprise a sinple drive signal, such as the
drive si gi?dl o60@ &dhewd20 vidle@ds 623-é125 rn’ﬂneomnﬁac:fséO]arer penﬁoemamhvmcwary

conpl ex drive signal, includin % ghe fre uenC| such as the.drive

si gnal 90@ 9%%4 SR @ongition gy Bne Q?gﬁ attinge ANREIREER: i n
nore det g o] R it he
ot or ol aIERRE: w{sﬁ%ﬁ%%@ﬁ%?%e%‘éfﬂt@%?ggf@“%?@&*’%as {opipg e pEBGHBERRL I 12
511. 20t sheowkebebengnyatst $33d Uhadditionothcageerficas0l suaatenablet dmmahicagensi as
512 is nmeant to nean a current or voltage that is applied to the driver in
addi t i on Reevede the megerselgefranieso 4p8iand ertemalusevieas.r et vieaggeSoF capebe
appl 1 od_ gk P (BRBISLAIALRTT 3ArRURLy TRS, YOLLRARARLES 512 Y

conpri se 4 Ias exa Ecvor 1as 512 may conprise

a positive or Eho@gaifhoee 500! ihaghe Rindodirhbet Bal tlh@luﬂ@ra ‘dﬁglﬁ,@@e(rﬁitaﬁm%?
depend on the particular nagnetic material and/or driver used on the 1 ow

met er 400vheThia thetsensosisegnal opinpyses>m aelogbgsoysigarlat Bhadigitiesa can aninpte
al gor,i_.t hm

10 | t th 1
i 00 s e v s RO Manf Lot Ao f Bt R Sl T idBermy pe
used to CLEHS lzerkdrﬂle%{ HEddue (ﬁbﬂl’i‘ﬁion P APl 1talp§é91961dé1%r9alt1§)d@aﬁfa%r

enbodi nent of t I nverition, the linearization aFgorithm5 may be used to
provi de anropde toiméwre tHe avwust ghsignblasedessmgarecdxd snd trgrenﬂmne Ithmpmncesd'rrigve
signal, i,e., increase the linearization of the drive signal. The various
functiondi®f the 15meter el ectronics 450 is discussed in more detail bel ow.

The processing system 503 conducts operations of the meter electronics 450 and
30  processes flow measurements from the flow meter 400. The processing system 503
executes one or more processing routines and thereby processes the flow measurements

in order to produce one or more flow characteristics.
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The interface 501 can receive the sensor signals fromthe pick-off sensors
421, 422, or the driver 420 via | eads 423-425. The interface 501 nmay
perform ang 20moes®ary or desired signal conditioning, sech/umsoangsamnner of
formatting, anplification, buffering, etc. Alternatively, some or all of
the signal conditioning can be perforned in 20 the processing system 503.

I n addi ti on, tTh?PW%%%$§%%“§@15B§§38ﬁ&ﬁﬂ%wédhﬁ%WPééﬂF@W§‘%%@Mﬁ@haﬂﬁgﬂﬁeter
el ect ro“gﬁéce§§ﬁfga vl T@{ﬁ .q:?%:uﬁ,eso‘r I8 | Hh&" @ﬁ&aﬁ%gfo%@ B’Fcﬁ&BﬁH%eﬁi of
any manner of ePectronic, ical,”or wreless conmmunication. e

i nt erfacerbksing dngcenbnitd PRtesHay symehde3s acaii Be tdigteibuicd odmsm® W ltiple
wherein the sensor signal conprises an anal og sensor signal. The digitizer
can sanplogessiagdieyicght ithe praecsaimgl wyteseAQd carjimiade amd npnseueleindedplgen al
sensor. si.gnal. .The digitizer can also rform.any neede eci mati on,

wher oPn' HBCRPg Eedhle 5 et Aol B R B SRR ecuce "t he
anount of si gnale PHoRERAR %@te'i‘@%d?cf)r@&gséthé QEMG®? sidial BI @G DR Ao lgeBrateThe
processi ng system 503 conducts operations of the neter electronics 450 and

30 pr ocedbedrifvt signakakl raemergt athér hmgshelHel dvwensgenl 19 0@plitddo phodesei 4249
system 5Q3 executes one, or nore processing routines and ther esses
The 11 ow edth Bramrae e Gt o aebTone ot Ao BO% BRETD abFRE Eros.
WO 2010/ %@d%ggg’%(,y%qgg/agg ed below.The processing system 503 can
conprise a general puUrpose conputer, a mcro-processing system a logic
circui0t, or sdoehatlthée pdastald that thosector electsdraes £8nmpyaneade nariclevether The

processi ng system 503 can be distributed anong nul tiple processing devices.
The pr oc&88inageat snd Himpmpns shatiage penssalbnlnonan Hetheqrt. | Hecsgagditigpal features
5i ndepen t t ' t -edj t .emy-504.
The pr ocatsi i G T 355" SREABUEEHINCIRR® RN ARNR SRR

gener at e THigefdrd, e Siredeat iblchtioaNEHddlDhBEbet NS -to The et ShBedEmdnss
supplied to the driver 420 in order to vibrate the associated flow tube(s),
such as tshewhlapg) dispyesed10 of FIG 4. Exanple drive signals are provided

bel ow,. 10It b der st nod, t.hat. t.h . el ' 0. .ipclud
vari dds ot her WARIBRAIVE "k RORRTEAE ERLE ardngRE MR b5k T ok art
These addjitdcABR tht &dhPleSin@ofd A Mriveedatd FB0L MRIGAARS Wold hOdtiAdnd Mgt gur es
for the purpose of sinplicity. Therefore, the presént invention should not

be |i m t esdnipenehts, spgciof be peadtiodi. mEhis ss bcamme, ahuting the usg® e dbkht/Noltdee f | ow
meter 400 being |lim jving the flow tube 410 in a si ngl e dir.ection,

the si np|pé)r§?%%%'rh§1aq5r?€ﬁ gl Ehdlic 300, Mbectfamay 6T FBasted v@ tndriver
negat1ve OAMOREAASyeIITEY HARE 106 REAUIER airrhlf helovPRIAUSE; btdfo: bt iR

negative curren tage portions rrve signa w tube
410 @y nidw lebeattighatbit edsitieretdneredt/voleige pdtiorAl dfetha aliriveslighal B0 sy tlsti beer
120 is able to attract the flow tube 410, but not repel the 20 flow tube,
then t he Qpssitiviey d hetafprenong Orionas apBroaribhas been teedrae the flomymgter 390rdHE not

e 0Pt oL T 0 B P SR B RSHBER, Pr 1o
di scussed bel gwG.f @rshexakguare drive signal 600 according to an embodiment of the
invention. The square drive signal 600 comprises a single frequency component,
25  wherein the current/voltage 1s positive for approximately half of the time and
approximately zero for approximately half of the time. Therefore, when the meter
electronics 450 provides the drive signal 600 to the driver 420, the flow tube 410
vibrates as shown in FIG. 7.
FIG. 7 shows a side view of the flow meter 400 according to an embodiment of
30 the invention. The flow tube 410 is shown in a solid line at its rest position 700. It

should be understood that “rest position” is meant to imply the flow tube’s position

when there is substantially no biasing force provided by the driver. The dashed line 710
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FIG 6 shows a square drive signal 600 according to an enbodi nent of the

i nvention. The square drive signal 600 conprises a single frequency
conponentwo2biodsgroei n t he current/voltage is positive fecTapspisoseas el y
hal f of the tinme and approximately zero for approximtely half of the tine.

Therefore, whepn the neter el ectronics 450 provides the drive signal 600 to
Lhe. dri vahonsghe fieey s kibGon 10 fiodi 48] Ao siBabed Hom GO A0, Rshows

a side vi f 400 -acc ' | JTBE 0
i nventi one%\é[tﬂ%fée’M oW tbgﬁeomi%g N ésoé)rﬁge\q/\lmé)clrcg%de}lg E)qotlhgrglqlﬁ%peéqgit%% na(rl)tesg@ r\))\t(])lgbﬁl[ ion
700. It sheulol becteinded st @eideh hatordirgsto piRs kued drive i@ t6000tHemplagndthe

flow tube's position when there is substantially no biasing force provided

by the drifojéen 4PhReolisishélew tuhe #10 inoepdid/ Gesp trrPdrveIS280 8V bes 28ECRhHws

t he fl.ow t ub. 1Q.when .t he fJlpw.t ube,4 i.s.repelled fro e driver 420,
for examdlty Gsitor g yiclf, abf oot U oS B e Yy MRTH Ghiapdfeie
si gnal 68&5itf@ﬂe'%vﬁe|ﬂe nb! ewrsmt & 180ided. drik VERBURE AR Finderstdddt fieatS fHaiogedr i ve
signal 600 the magnetic portion 426 of the flow tube 410 is repelled from
t he dri vembRimehten thaidrient sigsal 56Q0 ean dexdnpridee negasiei cormhports mathét dhvant ube
410 brings the fl ow tube 410 back to its rest position when no current is
provi ded.POSHVSHOUIP GRS under st ood that in some enbodi ments, the drive
signal 600 canp 1S Qri I ¥E36F IR t thefidd Sipbi te f
conponents. The%ggmliagglg\%e glysg%g(?)s g%oasﬁlgcvgolo s(%)%]/\nagﬁlfgﬁ%Flr%saﬁg%ua&e 60rare
adequét e simplelfiesiunghentsrdasvavermaoire; flévoweater funstons fekjoine meire cofmpit drives
require npre conplex drive signals including nultiple frequencies provided
subst ant is&na)s Welndingmulipde requencies proidegsulsiansialy sendigmeaudy- an advanced
drive signal 819'?; or.di [ r-q.1he: dri ' : c i ses
a conpl ex signa 'iasfléc;r}otﬁ %geérfau éllgg)ifgﬁ]@ g{é%]@gzrilgfr l-gg%l@ﬁ!aggg ?é%?@%éﬁgﬁh%@rggéan

be i npl enent ete WiReesigii S0adaiads nEastiflersiinl aicudibg desitipROfredcies.
exanpl e. Al though the drive signal 800 provides adequate results in flow
met er s whBreedrive seigrnal 00 eanc hp apipderoentpd skhhgsa | horepadvanced apgaswementte atr i ve

int diPectivonal. BF ryanplr cSufoT byl ol el TiRhh R A PRy

drive si ghakrsB@ferct 8 PHREGNEapabYEDE hRh-piMl MAsHECEBrARIoNe! hRARIRI AgndIRdoNe
drive signal. 20According to an enbodi nent of the invention, the neter

el ect r onimosy 460 poandgedeateercauliolin digev biches h2y capabhoofjuniheecdbsdudsicon
belowis |[imted to,the situatio ere the voltage bias is applied to
the dri vetjogqeg-nafn SHECT 1 O¥HSOMY E}@m’aﬁ&%@eﬁ%@é& £ Hit v ﬁ@naﬁéﬁgg@%ﬂog%se%az
may be a i t: i i . sent invention should not be
i mi t ed ﬁﬁ%ﬁ%’“s}%ﬁ%@g%aﬁé. 3%2?8&1%?@%%‘%? LIt shoul d al so be 25

appr @0i at ed t hagcokrdiagvol dragmbbdasenreyf he inphtesrerthednéter eltbodhiventsy ydrer e

the driver is capable of push-KuI | node vibrations. Therefaore, although the
di scussi difNBEtGN Viokngs Bias glgar Althoygh dicrdisguseiag brkwey és Hipdted tpiBe stpidit es

| et b R0l 8 U Lo BB o 1R A Y00 FVRLIPB: SRULA, ot Pe

limted to ese situations: I ve signhal . ol'tage
bi as 512,thg@he BRIBRObiAR DS RO ®efdpplicd Wb and Hoive Kidhal asdlthd Peesdft idiémteon

signal 900 is shown in FIG 9.
should not be limited to the specific drive signals discussed. It should also be
25  appreciated that the voltage bias may be implemented in embodiments where the driver
is capable of push-pull mode vibrations. Therefore, although the discussion below
refers primarily to situations where the driver operates in either pull only or push only
modes, the present invention should not be limited to these situations. The drive signal
800, including the voltage bias 512, can be applied to the flow tube 410. The resulting
30  drive signal 900 is shown in FIG. 9.

FIG. 9 shows a drive signal 900 according to an embodiment of the invention.

As shown, the drive signal 900 is similar to the drive signal 800 except that the drive

10



FIG 9 shows a drive signal 900 according to an enbodi nent of the

i nvention. As shown, the drive signal 900 is simlar to the drive signal
800 excepwvothavosgive drive WD 2010/ 068202PCT/ US2008/ 086283/uscas@Bs2960
according to an enbodi nent of the invention includes a voltage bias. This
results in substantially the entire drive signal being positive. In_other
wor ds, p@agf@i_ﬁp()&f:_%rg@lg@ FUFPIOPEENeS of e dpicpBPn AD0UeRsra Neltadsodipandingy | y
the entingufil 4 SbdAiafGhe Birfe! SivOLikEt Do pyGislondh GA0. Gloddoe
prior art ere current i's alternately ur ne ntand off resulting 1n

peri ods whefrcat/vhleagel iowupplicel thliicrdeiver #30 tdarihg Subgshtiadysthticatire Bavdreignal
according to an enbodi nent of the invention, the flow tube 410 oscill ates
around a 440 sThigeis| witkedhpshivei sanal gd. offfhe pripss art giidre cragnpissltqrastelyno2

can reside_between the rest .posi.tion, 10 nd a,s nd def | ecte osition
1003 o thEeRi et B R bAT e e PR Bef 870 Bt e 1§ LBk
of the drRMBerSI @B di0® iaf SHB¥MInicAt BPFhE indbhtion, the e tuBd 4300YRiIBtS de
view of the flow neter 400 according to an enbodi ment of the invention.

Accor di nground hefimshridoflecteditpositionn] 002n  Ths plonss deflected posiitionel i2geml @B sent

by the ter electronics.45 the driver, 420, .the fl ube. 4

o ot 1 af dbisefi e os, pEtion 00 P abfl S fend deficcied pigrpe ol oaf ifos titsoz,

and a se d t L L ] . r o : i hown
GQipc tﬂgé #‘lﬁg/ 1§fe HQﬁécttio‘ﬂrbc%ﬁfr?r%O% a FGERTHH HY d%19e %lg%gg?@e)gét Ll ol

in FIG 10, w tube 410 osci es about the first osition
1002.10Acddrdilag to the enmbodi ment shown, the first deflected position 1002
is offset fromthe rest position 1001. Therefore, even in enbodi nents where
the driver 42dFKanOchoysderiderievt plethe flowy meks A9 @erordmgstiorng anbrdigens ¢,

the flow .0 C i osGi | lLat 0 he {i f -ed_posiddon
1002, 90 GhEAiOyEARCS (PREIBUGBRMER LS dB RSB BRS Y
beyond t henf by &e Hefel et@enipO850 kO hellB2r 400t the fRRCaIbd 4d6fdseitlaed Heestdd on
1003 and the flow tube's inherent elasticity can bring the flow tube 410

back t owar tist pheitivast00dogi fiisodeflovad pasiting enndjajeccond tdeéletied sposition
defl ecte sition,1002. Accordi.n an e i nent, of, the i nt i t he
' ow Sube B30 PeCTAIRR HErEPandal S TEHI0. B eahohofen M il ve
si gnal  90(ogbthel Mt HENAGed POsiMOh 11802 RNRBrdiAS SOt AAbbBnfnt SRARH! 1A MHrsOf
the invention, the first deflected position is approximately at the

m d- poi ntdeflectellepdsitoan t1002'is ot | frani twe. rest position t0H. prilerefard, ¢deown

CTngl o ororaradiBantt who) 6 wive: G eieenip i iesie hon Reromboor ik in & thelr t ne
fl t ubey:t Q,: N f ' b hb st
de19 \INec;J e l{negtsll&tiic%lﬁ %ﬁﬁutgg%@g%{é@] é():sgn %t%%rﬁg}tﬁl %ﬁ%ﬁ%pgﬁ%ﬁ%&?ﬁa]ﬁ—ﬁg 19,bﬁ'fs or

exanmploe. This is bddaase thevdriair gn2al caB frectieding thlte 4n0 deaadi the firsofiefldresd
invention, also utilizes the flow tube's inherent elasticity. However,

rather t oSt VPO toHder sesand uiséleated Rupiten 0008 saroh tier fow doisy pgBbagnt
petueen 2582l RAR thind @ M lie! i)o‘%a%y SRR RRTLd Diriohodl! ?C’nwtt}e“ﬁ}ggrg,lo

is driven enar posi n NS I position

and a secamdotigb!fast @dldeel fdsbnl 2. Akdordingtblahentbbdiment d ke MBEcRtiod.00
vibrating as if the flow tube 410 were driven in a bidirectional node.

However , thaflesr tubhdd Odefitizen nsigg rhadvimsedidrbe sdgrgl,avugh as the drive signal 900

25 including the voltage bias. According to an embodiment of the invention, the first
deflected position is approximately at the mid-point of the flow tube’s oscillation.

In the prior art flow meters where the driver was capable of biasing the flow tube
in only a single direction, the flow meter relied upon the inherent elasticity of the flow
tube to oscillate between the flow tube’s rest position and a first deflected position. This

30  type of configuration is shown in FIG. 7, for example.
The drive signal 900 according to an embodiment of the invention, also utilizes

the flow tube’s inherent elasticity. However, rather than driving the flow tube 410
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5 then attracting the flow tube 410, the flow neter 400 according to an
enbodi nent of the invention, deflects the flow tube 410 to a first
def | ect edwpasioicsw21002 and deflects the flow tube 410 ecenstamsiob@s3to a
second defl ected position 1002. According to the enbodi nent shown, the
first deflected position 1002 ang t he sec nd defl ected posjtion 1003 are
def | ect edPeh¥ESP Aot PH@UP’és%ndpés st @gfl sm RogitioRe t%% Witk HilBnis dHveone

10 enbodi f | 0 r m t he
rest posi Froectt Bt AR Pt £ SHGPRRleL R P00 oA REorEnG
rather tharitionel 003d-Tidé Rdsubé g fldvatmder 4080 Vigrdting asas thesfl@ay eurs4 10weRe
prior art the md-point of oscillation is the first deflected position

1002. | n dsivearingobidiectional masia tlﬂ%\éemoraélwthmaﬂ@f&ecémahe filpav fubet10 and

def | 00 h d
Soeit 5 o o3l SR prer RS 6 SRRECROPIEREINE o p Gbpf e SRS e
rat her, 1ﬁ€erﬁfdnvﬁeﬁéc9§‘ﬁie A0F tLBe U6 o U‘f‘ﬁrst Hé@ecﬁé&fé‘bsﬁt‘r@?lé@@ af$ gbﬂédﬁ @& ON

either side of the first deflected position 1002 rather than oscillating on
ei t her sifttev ghbe HdOresn pokict itorn $@ODd adefleatadr paritiar t1002.owAneirdmg. to the

Fur t her nor t shqul d reci at dthat tlon irst

fer 1 oot eqmsadineBh e, T bR el ged postond 0% and B o W}Ftedmpémon
| ocation jppy e?r@%?l%ctfeﬁr J@ay”HHHF{heOﬁfestzﬁosflG@l%QOé u‘i'%é*gérﬂg (ﬁre%ﬁéﬁ'gq R&ehe
current/vol t age the drive signa or exarrp However, even | t e

| ocatliDon epfibddueettisy gic wecﬁﬂcbdéfﬁﬁttqnbpcbsﬁmmnl(]ﬂm% fdcther m@n@em tHe rektl posiidnl |
reside offset fromthe fl ow tube rest Boleon 1001 11 shows a

si de vi ew08i thae the Justhdefigctefopodtienl@Pig ?la)eraf%% heathes e |ﬂﬁ€‘e pridgointyef
| nventio c;[ﬁ?loﬁhbﬁﬁ% tﬁ% ?? a?é/ b5 ﬁ?ﬁeﬁg‘gorrta%? ?1?? i gﬁ%ifé&ﬂa%“&? S th%% gi.he

driver 4 I's onl repelli'ng rom

driver 4?&ﬂeb&uqxﬁmorﬂ NOGR Men MGl ORR! the FI6& m@gmaw SschlBit &y a@dutotﬁelmr@ﬂ to
the flow tube 410 nay be instead attracted to the driver 420. Therefore,

accor di ngleflectad nosthioni HidRt lbishewld henappnediatad thatehe Iﬁclsw daflgeted siiom Y2

defl egted h i G. 11. .The. fl b, h
e <im | AP Bt Ry b g Prigt B~ Ebt e &e 367 Sieoe0hat
the flowgdbenftile ﬂ%waﬁﬂoé aﬂb%cflfa\!@rdiﬁeﬁﬂw sl fethe 430 datbRM fRambnbriog
repelled away fromthe driver 420. Therefore, unlike the drive signal 900
where s ubathanthaaldsylllahag entdither dde véthi Igstaposumns}ﬁmmsaa poer ay fpos ntdtere,  t he
fl tub 2010/.068202PCT/ US2008/ 086233 | 1 ho FIG .11
woul - 1 odHIETPaR 4 i b YIPEECIRRE L {Boisig 18§$ﬁqna8f 5;1”?6[] ﬁﬁst%e'fs@dcmswn

i I f
would be. PReREE BnRE AR Yo BT N oo ORI R0 chrh® ) hiARBaPLAS

i nverDi oneadone ihtladingubechhhfe qarth@&mlrﬂehatzelt@reouﬁdm dive sdigidef Facéeanple.
position 1102. Based on the drive 5 gnal used, the flow tube 410 can be

driven tdigwg‘@éoﬁwndéfth@é@@@%d@ﬂthﬁ cfﬁstl dEcigdepositien 4993 doey ghnmgei § will o
maxi num Yﬁﬁr@sﬁi@% étlﬁlorfl?hegﬂﬁ‘f(ﬂgor n L 16}{ the flow tube 410 can

return to the res posi ar e’rest position 1101. It

shoul d be undeFig.00d §Hvaks iaf sidBevidini b€ @mgﬂadv fetdO %00 OARbALIRE Yol BRGIHEd,
such as according to the drive signal 900, the flow tube 410 may not return

conpl et elgnhalimpet ®fetérb ipegitioing nTllemmcusmn ahovs thas lad digesadnitie siuaioeh whare

whi | ¢ _t he, di,scus ove i str |ve Si naI 0 di ng
A VoPSagdnbnser SRR Suie af Bl e ey Tovk W kb Ry g 320
pr evi ous!ifo dk 5P Sl E et dRhBNa the HREnAXARFial LOGINOLS Bge ABAREIN (P
provided to t he’ sinple sinusoidal or square drive signals of GS. 3 and 6,
respect i vehy be Enﬂteetdeatnacted to tths douerdd e Thdefstpadtotdiag to lhe edmbodaamsntgmﬁal S
h I
shown ar E"chg?nrv%n on ﬁg?low tube 410 can be deflected as shown in FIG. 11.
The flow tube oscillation shown in FIG. 11 is similar to the flow tube oscillation
30 shown in FIG. 10, except that the flow tube 410 is attracted towards the driver 420
rather than being repelled away from the driver 420. Therefore, unlike the drive signal

900 where substantially the entire drive signal is shown as being positive, the flow tube

12



15 and various other drive signals are contenplated and within the scope
of the present invention. The voltage bias as di scussed above may al so be
utilized wot2hiodregaoer s capabl e of push-pull node vi brati eas/ustéosieazgh t he
drive signal including the voltage bias utilizing a push-pull node drive
may be entlrely positive or negatjve, the drlve signal may include both

posi ti ve ARblaHBBAIPYE BIHHb ddntveuldreesplifinme a drive pigngl wheteupdstaptially e
vibrates e%*ﬁ?éfr”dn%g‘f‘s O%rvia %Tonﬂﬁ‘fskseﬁt allf !&h%%%aﬁ&é tf‘ﬁer{:to oV &Hb@olt%% ry??s}’ .

still cross be"s rest position drive s

posi tive woulde@ad n¢gatbemasidgdtbias. Accorlitg ey hﬂenﬂdognﬁént&ﬁahe riﬁ{reuﬂiolﬁg thehe
vol tage bias provides a signal, which deflects the flow tube 410 in a
singl e dlﬂ@&ftt‘ilbm%(héafu%@ll@tﬁ@f@lﬁ%ﬁl &t dafleared ssitinakil2ei Bgsedoonidiel @@te the

flow tube.410 in 0 d|r ct thereb (of§ an o

thor Sa° Sl i B€ 13RPaRE PR fndblr iRt HRE R §oRloRRT 05 i

si gnal 9QGfc ARYe @%n!ﬂ islat 28@faximubl. OWHERUBE 8rive gughaﬁ@, at Benihl rﬁwnnﬁieeﬂloﬁ%émer e
the driver is only capable of deflecting the flow tube in one direction and

still reatli0zent feearnsashe eemerptosmapaltllolllctrl reegrlygfthe oenp Ipexitionul il pl k¢ shoeduency
drive si Th r i nvent i on, can al so.correct. for the
mon 1 1 mediertaod RaP RS Wik BYRE bR BHG b R e S et fo e
30Al t hougfilhes:iBi1 806, HaTo é@ll'b t%‘?aé/fﬁ&rrethﬂ?cdlﬁﬂ te'rllyn&a{h'e%&?r 'sﬂﬁohhqog“ ve

signal, according to an enbo I men the 1 nven one source of

non- Ill()nearl ty It ghdulié bdrumierssooglntaht whildtiee IRcuknditwivanc esshridted enthchdrivdr i ver
420 and the fI ow .t ube 410 prior art W) 2010/ 068202PCT/.US2008/ 086233

f1 ow met eignal 90 Angludipg e Y(Plti\&e Pidse @ sIpdar YHlEgediiay way hetapREse i pyy 6f thene

and- the Aaghar T30 Of i fghls” Tk RS PP EhR RIE Ry ec By

current/ vatt g@gpld Nihild@id0i br wgnetes diive digghlanee FITES.MBYARYE 65 r&srpéml{«élg% COI I
is plotted, a graph such as shown in FIG 12 can be 5generat ed. FI G

12 shows liththerrapes; ﬂ@h@hlq:)bfb@tld@@tnod lleatfthe d@lVéﬁ}&iﬂ]Seﬂh@B’@ &9 merelyrm@ﬁmleﬂzoB
or alternat,ive t he dr.iyver 420.

O B OB Veiohs (P S HBHPR A aRe ltef i R, BE e RE S DEGER: e

coi | /dri Vig{entibhe AMeOyol g% hibOWs "Bk QlssdPAbb e e QI%%dbé QtiPREd 3Fieh 'di'lv%ﬂ' S
nearly |inear region 125 10However, with a single-driver 420 and the

magnet i ¢ qapable ad pt2lB-pofl mbde f1boatiamst e‘hlthkﬁ@h thhelroeisvgral 4&0udisg rthé avitagel y
far from. the fiowtube 410|n(ferg to oscill.ate around the firs fl ected
posi ti on i0BLHZNE Y PRHEAUH peodeediive, saay: P snktsdi Poshiyg ot lilf‘éa%lV%V\Fi“ﬁefiré‘fe 400

operat oo P Bk APRRRCIOH BN L kRt ko
20 410 vibrates about the first deflected position 1002, the flow tube 410 may still cross the

flow tube’s rest position 1001 during the drive signal’s positive or negative component.
The drive signal 900 including the voltage bias provides a signal, which deflects
the flow tube 410 in a single direction and uses the inherent flow tube elasticity to
deflect the flow tube 410 in the opposite direction, thereby creating an oscillation that
25  represents a bidirectional drive signal. Therefore, the drive signal 900 may be utilized
in flow meters, such as the flow meter 400 where the driver is only capable of deflecting
the flow tube in one direction and still realize the measurement capabilities of complex,
multiple frequency drive signals. The present invention, however, can also correct for

the non-linearities that may result from the advanced drive signal 900.

30 Although there are various sources for the non-linearities in the drive signal,

according to an embodiment of the invention, one source of non-linearity in the drive

signal is due to the distance between the driver 420 and the flow tube 410. In prior art
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15 410 and the distance the flow tube 410 is fromthe driver 420. Only the
positive distance is shown for situations where the driver 420 can only
repel thewbl2ow/issdne 410. It shoul d be appreciated that &csiuszéoansg@saph
coul d be constructed for situations where the driver 420 can only attract

the flow tube 410. can be seen, the regi. on 1350 is generally further
away froflOh&desyaichasghe dlomhaetarndOy g enil/ magretasermbly Pl Iiﬁ@d“l’Qr 13hiss
results i I ol I S g
e sosleRJHRRRGELL RPN AERY 1t AL BRI R AR gt

f1 ow t ubefor® d@&h@@ﬁ@@hef NooBt derfed st adﬁiéce@medqtmﬁﬂage an thOQilt gerkine tikecond
defl ected position 1003, the distance changes a rel atively | arge anount
even wherflisthecer e ceagagpisi feem tberapihés plofied.angrapiripeh aoshawm sk iG.yl 2 eandiown
in Fl 14. 25K G 14 shows the drive signal 600 along with the actual

for ce 1400 &) gé]rl enced by the flow tube 410. At the beginning of each

cycle, the flauwd.upe s#dds itise kélaﬂlérﬁhﬁﬁﬁét\xfé@ﬁ'thé FBrcb0peribh&d! By Hhe nR@abt | on
where the driver 420 is closest to the flow tube 410 and thus, the magnetic

portion 420B dhdtehanely,ithe floer wbe :440@)y| thetchd 1G0daoride datvet Ha0r éstcapdsi ti on
700. As the d er 420 deflects e ow t ube forc lied
20 ngm neston. bt Yor 1t Bt iy a shonaidai o ake eail Sriker f EreBhanoo
drops si edfﬁﬁbﬁ%ﬂétwlms% dfgﬁe&Rﬁoﬁ&%%mlm&@gﬁn&fm@& bkyer 420 being

turned of ype of stortion may not significant effect on

st and@r d neasudewnendrs withch sasplerasiseif I4@Qv aaddthe \Whagnetic portion 426 of the flow
2010/ 068202PCT/ US2008/ 086233 density, which are based on pha

f r equencynetepdB.eihe dstviseA2feaselrievanifar ﬁﬁgn the thaydubs 819 napf@étt@d)sal}lag%ch a

non- |1 nedobf e GOAEALALE poliignSlechulP BB AL ¥RiALINBNE: FYRD RS, e

drive S|gna ESU I'n Si Icant errors rrve

si gnal 9q11bvahmﬁ@4@ot ckd1es ﬁlafrﬁﬁlrm@@eg&ﬁqswm@dnhyFI(taels S5 flow tube 410.
As can be seen, the force 1500 applied to the flow tube 410 is clearly not

| i near vvl th t HIGUK émwmlslletra@élomlgné?letm thﬂf@rcpreei@@mnqed\befnﬁlﬁd‘mw:élnbe

corr t he non-|ine aI| t he fl.ow 00, The.

cor r dst i oot B BB rEh HEY JHES 1B R Bl AR, B ¢S g i te
signal proaes& RGhahvadol Ei’t'tﬁ&im%@%ﬁ‘e?@ﬂfbcaﬁxﬂérz@m d@l% Jdy Q@pe\f e H§wdt'u§& ange
curve shown in FIG 13, for exanple. Therefore, curve fitting 10 the graph

shown in IFBkibuldEbeceqxpréIJaaataé eldattaosmblaalgmmu crlé beicvesiruded Ve sfugtiahs where
Accor di ng % nt of he |nv n the force experienced by the
fl ow t uben®¢gvers pigey r| ve signal. The difference can

be corrected by, ey \53 sfeéﬁ t h@geélﬂﬁ 1r3‘3§%t eﬂ&aﬁ fn Maej Er%nf’EﬂeV&frlﬁérQB%I e

Thus, the non-linearities he in rease I stanc tween t
coi | 2and thie tiid mglémbesmkﬁowﬁnnbla(}:olrzr eThedrekbltu$i aggenerdllyusorhiinetinadréve
and/ or software correctjon algorit The detail ed descriptions of

t he aboveighhdaP bepuse éla%r%altméxﬁ%ﬁ@s@qe\s 108 é@@aﬁbpfqlm ther drayq sighdoditiet s
cont enpl gt &d by, & Eeep vr‘v‘g%:e%] ?stcﬁ ffe&e*aefré%ttﬁé Ard ﬁ@ﬂé&&’@’ﬁa@{loﬁ *ﬂﬁoé Po"@ﬁ cﬂ} L of

| ndeed, persons s art recogni ze . certaln
t he abOVQte(ﬂ%&ﬂlﬂb%Hloﬁnml, RN E K taiey cMaige@laSﬂeYatﬁ/%l}ﬁﬁ@@é AeduAl el wheratied to

create force applied remains constant. This non-linearity is shown in FIG. 14.
25 FIG. 14 shows the drive signal 600 along with the actual force 1400 experienced
by the flow tube 410. At the beginning of each cycle, the flow tube 410 is in its rest
position 700. This is the position where the driver 420 is closest to the flow tube 410
and thus, the magnetic portion 426. Therefore, the force 1400 is the greatest at the rest
position 700. As the driver 420 deflects the flow tube 410 away, the force applied
30  against the coil is reduced. As can be seen in FIG. 14, the force 1400 drops significantly
prior to the current/voltage of the driver 420 being turned off. This type of distortion

may not have a significant effect on standard measurements such as mass flow and

14



20 further enbodi nents, and such further enbodinents fall within the scope
and teachings of the invention. It will also be apparent to those of

ordi nary wbi2bio/ieéseobhe art that the above-described enmbosdcmast@smsseibe
conbined in whole or in part to create additional enbodinents within the

scope and_ teachi ngs of the |nvent|on Thus, al t hough specific enbodi nents
of , and eleanpy-e¥hichare pawd; on BhseRdalreucpsy. o Eksyq Ve Pther B UrgRents may

11 ust 1 atg e eddHLA9 iRt e‘ﬁaﬁry Sltth %%Hh‘ﬁ%' Eﬂ“frf- d'ﬂl&feﬁ&eﬂe,r i @ty BASAY (ﬁny@ thin

t he scope nven ose S evant art w

recogni zeignbig stictagdthe gsivp ks pniatleeD hay etsulicianidefiempkiret. t o ot her fl ow
nmeters, and not]éiust to the enbodi nents descri bed above and shown in the

acconpanyi ng fif @sShOA@ém dtiﬁ@) pignak YY) derpwitrthe herce Avehexpmicspediby thee

det 202P 08/,086233

coarve varey AR AS eV RRISH (0385 Tobhpr RED RGeS S

vi brati nqlﬂehp\oolfmﬂfér c&éé?@/)voltagbck #h1n900. 5qthel SRt QH'?erftioﬂV‘éahU&ﬁTe(c@]fQﬁ the@
B

driver (420) adapted to apply a biasing force on the flow tube (410); and a
met er el ewnrlomacisie 480)zedohy i thar Bawt metpend@tat eTle doineeticn gnay beoinvieshat e

[irst deMeEcrey GobRRRgh ¢ Toosy orleraISHm PR 1 SWOTLBE Lt soerizon
(100D W s TR RSB R, AP0 gl SR otertt e,
of cll@i mthe grvdphrstowntih&1Gi &S cagbd oscdetoapplin @anore linear drive signal.

According to an embodiment of the invention, the force experienced by the flow
tube 410 can be plotted against the drive signal. The difference can be corrected by
curve fitting the resulting force with the drive signal. Thus, the non-linearities due to
the increased distance between the drive coil and the flow tube 410 can be corrected

15  using various hardware and/or software correction algorithms.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of
the above-described embodiments may variously be combined or eliminated to create

20  further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for, the invention are

25  described herein for illustrative purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein can be applied to other flow meters, and not just to the
embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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15by the driver (420) deflects the flow tube (410) in a first direction.

4. The fl ow neasurenent system (20) of claim 3, wherein an inherent

el asti ci twoabioidss20k] ow t ube (410) deflects the flow tubectAk®)osioss2a3 second
direction opposite the first direction. 20 5. The flow nmeasurenment system
(20) of claiml1l, wherein the drive signal vibrates the flow tube (410)

bet ween t t position (1001), the first deflected position (1002), and
a second \g,@fv\ﬁ gled position (1003). 25 6.The flow neasurenment system (20)
of claim erein the meter electronics (450) is further configured to

generat e |a | i nedlohzachamerdbiafykiehni209dmprikinkhe fl ow neasurenent system
(20) of claim1, wherein the tlow tube (410) further conprises a magnetic
portion (426) a\@bramngMOnmzeQ@CWCMmgS/ 086233 8. A flow neasurenent

system (20), conpri r | ow nmeter (400), including: at |east
one f E]ow tube ( 410)3‘%11%?%8?]?%% (tﬂa%@qggapt ed to apply a biasing force on the
flow tube (410); andidpve (M)Q{daﬁﬂe@% ﬁﬁﬁly%solﬁélﬁgfor@@ﬁﬁlﬂwlﬂ@&} thise @BOPrAe a
vol tage bias and a drive signal and apply the drive signal including the
vol t age bi as taometee clicirorics (420 conbgwiecdtagencrite afdrow sigrtaé t 4ib@te the flow

tube (410) about a first deflected position (1002), wherein the first

deflected position (1002) is offset from a flow tube rest position (1001).

10
2. The flow measurement system (20) of claim 1, wherein the drive signal includes

a voltage bias.

3. The flow measurement system (20) of claim 1, wherein the biasing force applied

15 by the driver (420) deflects the flow tube (410) in a first direction.

4. The flow measurement system (20) of claim 3, wherein an inherent elasticity of
the flow tube (410) deflects the flow tube (410) in a second direction opposite the first
direction.

20
5. The flow measurement system (20) of claim 1, wherein the drive signal vibrates
the flow tube (410) between the rest position (1001), the first deflected position (1002),
and a second deflected position (1003).

25 6. The flow measurement system (20) of claim 1, wherein the meter electronics

(450) 1s further configured to generate a linearization algorithm (513).
7. The flow measurement system (20) of claim 1, wherein the flow tube (410)

further comprises a magnetic portion (426).

30
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9. The flow neasurenent system (20) of claim8, wherein the drive signal
i ncl udi ng 10t he voltage bias vibrates the fl ow tube (410) about a first
def | ect edwpasioiicszn2( 1002), with the first defl ected posiPCirars2¢i08233 bei ng
offset froma flow tube rest position (1001). 10. The fl ow neasur enent
system (20) of cJaim8, wherein the drive signal vibrates the flow tube
(410) betteen 4 HogsmepneemeRHystenn®@y). OMASEIS def | ect ed position (1002),

and 15a secon%ﬂg%&%ﬁvpﬁz&g%‘g@r %r%c%?dg%% 11. The fl ow neasurenent system

(20) of claim$B8, e applied by the driver (420)

deflects the flow taihestddflownutse (4105t direction. 2012. The flow
measur enent system (20) of claim 11, wherein an inherent el astici tgl of the
fl ow t ube (410) defd &étes ($HD adppigditepeply 2103sing foree er dhflenvitels (4dA)dpdosi t e

the first di tion. 3..T I t 20) of claim8
whor e the. it BFEFlseTPbsr LoD sPABTE LS FRPe P RAGR bEPbateefyBhid . -
l'inearization al goringhy (y5t113)drive%%nairﬁl%lddi@%hmg@ﬁﬁmo SRR (20) 16f
claim8, wherein the flow tube (410) further conprises a magnetic portion
(426). WD 2010/ 0684bx2rRCTE IB2008086D33 15. A nmet hod for operating a

vibrating flow neter including a flow tube and a driver, conprising the
step of: vibrating the flow tube about a first deflected position, wherein

the firsty def'ﬁfet S RSk bilefibnt Sy<pdrh $84) dff I 1RehURE dFieS LigRSiht ludlhg  16-
The nethod of ¢ a}ﬁm 15, \A#r?er gltﬁlsﬁe%st)ep 0 vzlg’br at Flng tﬁe1 ?Flgw tu%e g
conprli0seghe voltage bias vibrates the flow tube (410) about a first deflected position (1002), with

the first deflected position (1002) being offset from a flow tube rest position (1001).

10.  The flow measurement system (20) of claim 8, wherein the drive signal vibrates
the flow tube (410) between a rest position (1001), a first deflected position (1002), and
15 asecond deflected position (1003).

11.  The flow measurement system (20) of claim 8, wherein the biasing force applied

by the driver (420) deflects the flow tube (410) in a first direction.
20 12.  The flow measurement system (20) of claim 11, wherein an inherent elasticity of
the flow tube (410) deflects the flow tube (410) in a second direction opposite the first

direction.

13.  The flow measurement system (20) of claim 8, wherein the meter electronics

25  (450) is further configured to generate a linearization algorithm (513).

14.  The flow measurement system (20) of claim 8, wherein the flow tube (410)

further comprises a magnetic portion (426).
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applying a first biasing force on the flow tube with a driver based on a

drive signal

with an inherent elasticity of the flow tube applying a second

bi asi ng fwocelmppmzi te the first biasing force. 17. Thecwaishad/oed23x! ai m
15, wherein the step of vibrating the flow tube about the first deflected

position conprises vibratin )
posi tion,l%he Ameéleochgm%e& 2334 pHafipg flogngeter &

with the fi : . position between the flow tube rest position and
i

t he secon

the flow tube between_ the flow tube rest
ré’jmiag adtaveBtbedng d<drtvesn,

osition. 18. The nethod of claim 15, further

conpri si ng t he/ibia€ipg tief flgenebeibong adirstrdefieciet gositionwhedim@e dirviadldfirgedbi as
and applying the drive signal to the driver to vibrate the flow tube.

2019. The net hod of ROsHiom il 9ffsetfrernarflew tyhe restmysitivg. st ep of generating a

| i near.i zation algorithmfor a drive signal sent to the driver.

S

16.

The method of claim 15, wherein the step of vibrating the flow tube comprises

applying a first biasing force on the flow tube with a driver based on a drive signal with

an inherent elasticity of the flow tube applying a second biasing force opposite the first

biasing force.

The method of claim 15, wherein the step of vibrating the flow tube about the

first deflected position comprises vibrating the flow tube between the flow tube rest

position, the first deflected position, and a second deflected position, with the first

deflected position between the flow tube rest position and the second deflected position.

The method of claim 15, further comprising the steps of generating a drive signal

including a voltage bias and applying the drive signal to the driver to vibrate the flow

tube.

10

17.
15

18.
20 19.

The method of claim 15, further comprising the step of generating a linearization

algorithm for a drive signal sent to the driver.
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