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The present invention pertains to the field of oscillatory vibrational
drivers thatare used to convert el ectrical quovver i nt o nechani cal
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driver according to the present invention incorporates circuitry that
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modes of the Coriolis flow tubes.
STATEMENT OF THE PROBLEM
10 Itis known to use Coriolis effect mass flowmeters to measure mass flow and
other information for materials flowing through a conduit. Exemptary Coriolis
flowmeters are disclosed in U.S. Pat. Nos. 4,109,524 of August 29,
1978, 4,481,025 of January 1, 1985, and Re. 31,450 of February 11, 1982, all to
J. E. Smith et al.. These flowmeters have one or more flow tubes of straight or
15 curved configuration. Each flow tube configuration in a Coriolis mass flowmeter
has a set of natural vibration modes, which may be of a simple bending, torsional
or coupled type. Each flow tube is driven to oscillate at resonance in one of these
natural modes. Material flows into the flowmeter from a connected conduit on the
inlet side of the flowmeter, is directed through the flow tube or tubes, and exits the
20 flowmeter through the outlet side. The natural vibration modes of the vibrating,
material filled system are defined in pal;t by the combined mass of the flow tubes
and the material flowing within the flow tubes. B
When there is no flow through the flowmeter, all points along the flow tube
oscillate due to an applied driver force with identical phase or small initial fixed
25 phase offset which can be corrected. As material begins to flow, Coriolis forces
cause each point along the flow tube to have a different phase. The phase on the
inlet side of the flow tube Iégs the driver, while the phase on the outlet side leads
the d;iver. Pick-off sensors are placed on the flow tube to produce sinusoidal

signals representative of the motion of the flow tube. Signals output from the pick-
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natural nodes. Material flows into the flowreter froma connected conduit

on thE ~inlet side of the floweter, is directed through the f:ow tube
or tubes and exits the 20 flowreter through the outl et si?g /Ugguxzwgﬂtural

vi brati on WBJ&L%Bf tnhe vibrating, material filled syste ef i ned

in part by the conbined mass of the flow tubes and the materi al

flowwng within the fl ow tubes. ) When there is no flow through the
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arrangements, such as a magnet mounted to one conduit and a wire coil mounted
10 to the other conduit in an opposing relationship to the magnet. A drive circuit
continuously applies a periodic, typically sinusoidally or square shaped, drive
voltége to the driver. Through interaction of the continuous alternating magnetic
field produced by the coil in response to the periodic drive signal and the constant
magnetic field produced by the magnet, both flow conduits are initially forced to
15 vibrate in an opposing sinusoidal pattern which is thereafter maintained. Those
skilled in the art recognize that any device capable of converting an electrical signal
to mechanical force is suitable for application as a driver. Sge U.S. Patent
4,777,833 issued to Carpenter and assigned on its face to Micro Motion, Inc. Also,
one need not use a sinusoidal signal but rather any periodic signal may be
20 appropriate as the driver signal. See U.S. Patent 5,009,109 issued to Kalotay et.
al. and assigned on its face to Micro Motion, Inc. _

A typical mode, although not the only mode, in which Coriolis flowmeters are
driven to vibrate is the first out-of-phase bending mode. The first out-of-phase
bending mode is the fundamental bendi'hg‘ mode at which the two tubes of a dual

25 tube Coriblis flowmeter vibrate in opposition to one another. However, this is not
the only mode of vibration present in the vibrating structure of a Coriolis flowmeter
thatis driven in the first out-of-phase bending mode. Ultimately, there are hundreds
of vibration modes actually excited in a Coriolis flowmeter that is driven to oscillate
inthe first out-of-phase bending mode. Thus a Coriolis flowmeter driven to oscillate

30 or resonate at the first odt—of-phase bending mode actually has a conduit(s)
oscillating in many other modes in addition to the first out-of-phase bending mode.

Meters driven to oscillate in a different mode than the first cut-of-phase bending
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5 tube densitoneter, is the drive or excitation system The drive system

operatgs to - apply a periodic physical force to the flow tube which
causes the flow tube to oscillate. The drive systemincludes a driver
mounted to PRI¥Y68% t ube(s) of the fl owmneter. The dri v@CTRSOHAHREmM
typically contains one of many well known arrangenents, such as a

magnet nounted to one conduit and a wire coil mounted 10 to the other
condui t i n rapdegppeiiensertbe semembnemenon bemutigiestxcited mddes it edditipn to
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dual 25 tube Coriolis flowreter vibrate in opposition to one another.
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is . driven in the
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oscillate in the first out-of-phase bending node. Thus a Coriolis

flownetdr ¢ desiracmedeifenexciatpn ofghe lewdukae at the first out-of - phase
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The density measurement in a Coriolis flowmeter or vibrating tube densitometer
relies on the measurement of the resonant frequency of the vibrating flow tube. A
20 problem arises when the flow tube is driven in response to a drive signal containihg
modal content at multiple modes. Superposition of the multiple modes in the drive
signal can result in a flow tube that is driven off-resonance from the true resonant
frequency of the desired drive mode. An error in the density measurement can
result. ‘ . '
25 Modal filtering techniques can be used to isolate and identify the vibrational -
modes that are of interest to Coriolis mass flow rate and density calculations.
Modal filtering requires additional signal pickoffs to be attached to the vibrating
tubes of a Coriolis flow meter, e.g., as in copending application serial number
08/890,785 filed July 11, 1997, to applicanf Timothy J. Curiningham. The use of
30 an additional signal pickoi‘f is associated with aaditional cost.
" Yetanother problem arises whenever a driver or pickofféevice is connected

to the vibrating tube of a Coriolis flowmeter or densitometer. The connection of
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-2- . node experience the sane phenonmenon of nﬂltiple excited
nndesfin addition to the intended drive node. Ext sti ng

drive'systenms cess a feedback signal. which is typicall ' f t he
pi ck- of f é’%‘?\g%%& gnals, in order to produce the drive si gﬁ%ﬂgggs%gdz'
Unfortunately, the 5 drive feedback signal contains responses from other
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be resonant responses at frequencies approaching the desired resonance
f r equencyfor thesefdiffarencas isicoroplicatestinttie factghal variations in system massrisve si gnal ,
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power consumption, bend modes, and other problems that are discussed above,
There is a need for a drive circuit system for a Coriclis flowmeter that
10 doubles as a signal pickoff to reduce the amount of mass that is connected to the
Coriolis flowtubes.
STATEMENT OF THE SOLUTION
The above identified problems, and others, are solved and a technical
advance achieved in the field by the drive circuit system of the present invention.
16 The present invention provides a method and apparatus for using a combined
~ driver and signal pickoff device to generate a Coriolis flowmeter or densitometer
drive signal while also receiving signals representative of vibrational velocity in the
Coriolis meter flowtubes.
A combined oscillatory signal pickoff device and vibrational driver apparatus
20 according to the present invention includes a driver coil assembly having a coil and
a magnet. The coil is capable of emanating field effects derived from oscillating
voltage applied to the coil. A magnet is centrally disposed within the coil for
mechanical oscillation due to the field effects emanating from the coil in the manner
of a conventional solenoid. A mimetic cirf:u‘nt provides a second impedance that is
25 comparaﬂle to the first impedance when the magnet of the driver coil assembly is
held stationary in fixed positional relationship with respect to the coil. A drive
voltage is applied to both the driver coil assembly and the mimetic circuit.
The applied drive voltage produces a corresponding voltage in the coil of the
driver coil assembly and a corresponding voltage in the mimetic circuit. The relative
30 velocity (i.e.. the transiational velocity of vibration) between the coil and magnet in
the driver coil assembly is determined as a mathematical function of the difference

between the coil voltage and the mimetic circuit voltage. This calculation is made
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Problens that derive fromthe drive signal having nodal content at nultiple
frequencies-affect the density neasurenment made by a Coriolis mass

fl ownret er The density neasurenent in a Coriolis flowreter or vibrating
t ube densi IRYEP4 relies on.the neasurement of the reS&R&RPI¥equency
of the vibrating flow tube. A 20 problemarises when the flow tube is
driven in response to a drive signal containing nodal content at

mul tipl e rmsgsble e;aqmspcs@e telagtiveoreiotiy aiveepltee ealbend magnpkindhe deiver
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measur ement carp mlmetll’cecﬁmhﬁ is2fereby defined MpGadanf & direuitngat awideisqtirs can be
‘used to isolate and identify the vibrational nodes that are of

i nterest trRerfosmpocs ef thﬁggverlcfawaﬁ%@réblmme@éhg idtiyerceil @gpampbrs held in a Modal
filteri ' addi t i ' -
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Timothy J. Cunningham The use of 30 an additional signal pickoff is

associ at edj Isglesedalbripw desribe@natog implementations W%ﬁ'@ttﬁémpkﬁ‘%ltéﬁ*ﬁfh@f i ses

whenever r ckoff device is connected to the vibrating tube
of a Cori inu%ﬁ EKC% J?t' or densitoneter. The connection of
- 3- In the srmplest analog case, the mimetic circuit contains a coil and magnet

10 that, in combination, have an overall impedance that is identical to that of the
impedance in the driver coil assembly. More specifically, the assembied coil and
magnet of the mimetic circuit have a resistance and inductance that are identical
to the resistance and inductance of the driver coil assembly. While this first analog
embodiment works to accomplish the objects of the invention, power consumption

15 is excessive due to the drain through the mimetic coil.

A more preferred analog embodiment includes a mimetic magnet and coil
assembly havin@ an overall impedance that differs by a scale ‘factor from the
impedance of the driver coil assembly. More specifically, the inductance of the
mimetic coil and magnet assembly may be multiplied by a number to arrive at the

20 inductance of the driver coil assembly. Similarly, the resistance of the mimetic coil
and magnet assembly may be multiplied by a number to arrive at the resistance of
the driver coil assembly.

In the digital embodiment, an ahalog to digitat converter is used to apply the
driver coil voltage to a digital filter. The digital filter models the impedance of the

25 mimetic circuit as a resistance and inductance match to the resistance and
inductance of the driver coil assembly. In the digital embodiments, power
consumption is greatly reduced to the point of being a negligible power drain in the
overall Coriolis flowmeter system.

In operation, an altefrnating drive voltage causes a corresponding vibration

30 in the driver coil assembly which, in turn, vibrates the flow tubes of a Coriolis
ﬂowrﬁeter according to well established Coriolis flow measurement practices. The

relative velocity between the driver coil and driver magnet is roughly proportional
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addi ti onal apparatus changes the nmass of the total vibrating system and,
conseguently, alters the natural system harnonics to vibration at different

frequenci T reci sion of measurenment that is obtainab e nmeter
system ha\el\?ﬂéwpﬁ%‘feased mass decd i nes because the incr easelagngéés%wgélﬂses t he

5 neter to becone |less sensitive to snall vibration variances. Calibration

to correcgt f he di fferences. i s.conphkicat by the_fact that
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pi ckof f's ERIF gppsbesMeRplied BRVS GoltdiRl EThe drive VoR¥ES tRRSINRIdtOWollgnd nodes,
and ot her problens that are discussed above. There is a need

for a driweagyreabihe direrciiouit epnsistesf thevolage Blpaacpsy haregstangeabties as a

si gnal pi; 0 e t sAhat. | c he
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advance achieved in the field by the drive circuit system of the present

i nvent i oris reltedriethsr motion of e NibraingFevelsetow t%%ft%od’\%ﬁ%diaﬁrférta@us f or
BT SR SRR TSN TR S S

si gnal s risplagsigriratie/eombondnbbfthe@iiab veitd geciekyiting flolethe resistéace ahtis net er
fl owm ubes. A conbined oscillatory signal pickoff device and
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appl i ed tappiibeticcsidnd #oyateeCorislis atss dolyratk spasesitywnefer appleatioas! for
mechani cal osci|lation due to the field effects emanating fromthe coil in
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magnet of the driver coll asse d stationary in fixed
posi t i onaheagirateohktinphevepplietedpectoltege shymatoi | . A drive voltage is

appl i%i to both the dréﬁ’lEF—' ﬁé&ﬁﬁ‘ﬁ%@b}éﬁ@&i{]ﬁl\lmg@“ c circuit.
FIGURE 1 depicts a prior art Coriolis flowmeter and associated meter
electronics: '
FIG. 2 depicts a block diagram of prior art Coriolis flowmeter electronics;
FI1G. 3 depicts a block diagram of a prior art drive system for a Coriolis
20 flowmeter,;
FIG. 4 depicts a schematic circuit diagram of meter electronics for use in
practicing the present invention according to a first analog embodiment;
FIG. 5 depicts a driver coil assembly for use according to the present
invention; .
25 FIG.. 6 depicts a mimetic coil assembly for use according to the present
invention;
FIG. 7 depicts a schematic circuit diagram of meter electronics for use in
practicing the present invention according to a second analog embodiment
FIG. 8 depicts a schematic circuit diagram of a third embodiment of the
30 present invention including digital electronics;
FIG. 9 depicts a schematic circuit diagram of a fourth embodiment of the

present invention including alt digital electronics; and
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The applied drive voltage produces a corresponding voltage in the coil of
the ' & driwvercoil assenbly and a corresponding voltage in the mnetic
circuit. The relative 30 velocity (i.e.. the translational velocity of

vi bration) B®x3%8&#s4t he coil and magnet in the driver cech/ussgemsbly is
determ ned as a mat hematical function of the difference ~ between the
coil voltage and the mnetic circuit voltage. This calculation is nmade

- 4- FIG. Hodenitts @ receassiow tiagraeh rivsgvatinedrtopil besemeely dshe coi |
and magnet driver coil assenbly cases a back el ectronotive
force (" ba@l«p'ﬁ\(?%?qewcr?the coil. - A'mnetic circuit is hereby

defi ned to manD@M!LED'GEsbRIPﬂWﬁbF’ﬁHI?PREFEFG@E[fJ(E"IWBOQWENTt he driver
toi| assenbly when the driver coil assenbly i1s held ina 5 fixed or

st at i onar y Ganelis st)wmeteun Genasal 6. doi | and nmagnet of the driver coil

assenbl y are no Y not her. ¢ _enbodi nent s
di scl os§d bel ow F:Igt{a“g{:"c{r %??snél‘i&s ft?%f“&%&h?&?m%?”%ﬁ Oélogsl' @ei%assembl

i npl emrent a0 @nd edeter electfd?&smmé@rélebﬁ@mbs 20 is connected to tnBterB8ssThBM! est
anal og case, the mnetic circuit contains a coil and magnet 10- that, in

conbi nat i of0 Vigdead 10 tevervide denpitudaasslavhiate.ivelumasie flevarate and tefalizefl t he
mass flow information over path 26. A Coriolis flowmeter structure is described,

although, it is apparent to those skilled in the art that the present invention could
10 be practiced in conjunction with a vibrating tube densitometer without the additional
measurement capability provided by a Coriolis mass flowmeter.

Meter assembly 10 includes a pair of flanges 101 and 101°, manifold 102
and flow tubes 103A and 103B. Connected to flow tubes 103A and 103B are driver
104 and pick-off sensors 105 and 105'. Brace bars 106 and 106" serve to define

15 the axis W and W' about which each flow tube oscillates.

When flowmeter 10 is inserted into a pipeline system (not shown) which
carries the prdcess material that is being measured, material enters meter
assembly 10 through flange 101, passes through manifold 102 where the material
is directed to enter flow tubes 103A and 103B, flows through flow tubes 103A and

20 103B and back into manifold 102 from where it exits meter assembly 10 through
flange 101"

Flow tubes 103A and 103B are selected and appropriately mounted to the
manifold 102 so as to have substantially the same mass distribution, moments of
inertia and elastic modulus about bend'i'ng} axes W-W and W-W", respectively. The

25 flow tubes extend outwardly from the manifold in an essentially paralief fashion.

Flow tubes 103A - 103B are driven by driver 104 in opposite directions about
their respective bending axes W and W' and at what is termed the first out of phase
bending mode of the flowmeter. Driver 104 may comprise any one of many well
known arrangements, such as a magnet mounted to flow tube 103A and an

30 opposing coil mounted to flow tube 103B and through which an alternating current
is péssed for vibrating both flow tubes. A suitable drive signal is applied by meter

electronics 20, via lead 110, to driver 104.
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i npedance in the driver coil assenbly. More specifically, the assenbl ed

coil gnd L magnet of the mnetic circuit have a resistance and '
i nduct ance i denti cal to the resistance and i ucianLgQf the
driver coi Ivsgg%ne@%ﬂey. Wi le this=first anal og enbodi nent works to

acconplish the objects of the invention, power consunption 15 is excessive

due to the draip. through.t m_ et i il T e preferred
anal og enbodi M%teﬁﬂ%c%{ﬂa&é%sr@ r%c?‘%ﬁtg‘e%?&”%&el%w sngné?é gg’a)%esaé I%p_ havi ng
an over al leddiperiease 11 hatesgbéthens Miteneperbiicd a0pasddceemd Heve signal Npedance
of the driver coil assenbly. More specifically, the inductance of the

m'hrret i ¢ c@PpeantD AAdPRS 1HS sedispysingdiriver T4 to %bﬁaéﬁjtl@ﬁséloﬁﬁ‘nﬁé’r 193Barrive at
50 . ) e .
of Cthe i (tteh 8R5pRts 20%ufedstBE flok BRTERS\tiooR) Sk 1 soklifid 8% inber

t o arris/e mdssifftty mesasd meerneity of the mab@iabidsemig th@ughasstenddsembly 10.

In the digital enbodinent, an analog to digital converter is used to apply:

t he hisy iforgtion e RpRERd by metern ¢peteanias 2@ ever a8 4fi i g atilizatiarer nodel s
t he i nped mmetic circuit as a resistance and i'nductance
match to {Wh%&rsgéPé%}gOnc “and I nduct ance of the driver coil assenbly.

I n the digital tégroegimenhese skiltes in the art hanSonpiis fiowmstegd eaduite siedaced to
the point of being a negligible power drain in the overall Coriolis
f1 ownet er By¥EEH{S to a vibrating tubp (lensieraetenn Vibaating (ubeiarsiiemelars alseol t age

cause : D05 Wl ' hi ri | ich, in
Curn. o brSiAEs RAs R be hELbRM I 10 S o R e o A o
wel | est alkensitedet€ansitblin which dwidie asidr fitratingiuaetdeostomdiies also empedyat i ve

Yel_ ocity tz)aeér\{\\%esr\!/s{eﬁ fodrreix\clz%gg%?é hov(ft1 ngedtroiv\{bGrgter.m\?i regtinigstutgé) ggt!\]sli%npertgnpsort ' onal
typically utilize oniy single feedback signal since a density measurement requires
only the measurement of frequency and a phase measurement is not necessary.

15 The descriptions of the present invention herein apply equally to vibrating tube
densitometers. Those skilled in the aﬁ recognize that where an existing Coriolis
flowmeter already has two feedback signals available to input to a modal filter, an
existing vibrating tube densitometer has only one feedback signal typically
availabte. Thus one need only provide additional feedback signals in a vibrating

20 tube densitometer in order to apply the present invention to a vibrating tube
densitometer.

Prior Art Drive System - FIGS. 2 and 3

FIG. 2 depicts a block diagram of meter electronics 20. Meter electronics

20 includes mass flow rate circuit 30, and’d tive circuit 40. Mass flow rate circuit 30

25 is one of hany known circuits for calculating the mass flow rate of a fluid through
a vibrating tube based on the difference in phase between two points on the
vibrating tube. Mass flow circuit 30 produces output to a utilization means (not
shown) over line 26. The utilization means might be, for example, a display. The
details of mass flow rate circuit 30 are well known to those skilled in the art and do

30 not form part of the present invention. See U.S. Patent RE 31,450 issued to Smith
on November 28, 1983, and assigned on its face to Micro Motion, Inc. or U.S.

Patent 4,879,911 issued to Zolock on November 14, 1989, and assigned on its face

-8-



to the back EMF that derives fromvibrations in the Coriolis flow tubes.
This bgck - + EM opposes the applied drive voltage. The drive voltage
that a voltnmeter would nmeasure at the drive circuit consists of the
vol t age dropWw@®¥58% t he resistance and i nduct ance of t RETAISY&O4@bi |
plus the back EMF. Drive signal pickoffs are used to 5 nmneasure back EMF
for conventional Coriolis flow cal cul ati ons because back EM- S

rel at ed totaMécrobtdtion. lof. eribSyviPateat 5.291.88¢ issLed tor{aeek amALgust B ¢893li ng t o
t he present. invention, .the ¢ onent of th rive val. e dye to the
back Eve CaRd BavionSY 8k Eedh Ve GRRRE B st Hoo bG8 Page
resul ting fzeE¥bReate@FLE 0 CE IPA&Esting drive BFGE fReEdrivBeiratit ¥@FecelNues, it
I's possible to use a driver as a signal g[@CkOff. The 10 conbi ned driver

and si gnal apeedbsck signal everipsthesbisendglt pickroffsenserml Ofpdadeseribaskinmore

appl i cat.i ops,_and..any ot her i Qli.s mass flow rat i net er

appl i cati Oﬁgta.ﬁ with ’6%83‘6}28 FI'%S% erﬂglg.g ﬁiﬂg? CB%”'gf‘fsg%ﬁ%gg c}dg?:?%eér r?‘%rl"'iﬂs flow
tube. The gudy®ih 17BMb QFiver 104. OfhdsBiskilkBVietHd £0rdcBY My EFatBRising ARE
apparatus for separating the back EMF measurenent fromthe applied

drive vol t Sytesisgray altergatively utilize the right pick-off grisprapibedreiadNodrvEHE
DRAW NGS .. . Fl - 1. ' L Lalis f r and
associ at edC'rrr%utlteL#rO' Alse, sg&é(%@ g%;ﬁgggl;/&gfst&ngﬁhﬂe tﬁ#‘gq%b%r?ﬁ%kfé@%ﬂﬁ%’gck

di agr am of apthefecdbhcOor driveiciclit ogwet er el ectroni cs; FIG 3
depicts a block _diagramof a prior art drive systemfor g Coriolis_20
f1 ownret'Br ; FIG. 3illustrptes, a Yogledipgiag of aewdsingidive PFli40- i Aeradipust et er

el ectr ggialc%% frgé%%b}fﬁg%qback sRIA3FHI 1Rk Bt BEoRE BERRBIANNFRINAR AGHARdI Ng to a
flowmeter and appropriately conditions the magnitude of the pick-off signal to
produce a drive signal over path 110. As noted, some existing drive systems sum
the two pick-off signais and process the summed signal to produce a drive signal.

15 Drive circuit 40 receives a signal from pick-off 105 over path 41. The pick-off signal
is fed to rectifier 300 and then integrator 301. The signal output from integrator 301
represents an a;/erage amplitude of pick-off signal 105. The average amplitude
signal is input to amplitude control 302. Amplitu'de control 302 compares the
average amplitude signal from integrator 301 to a reference voltage V.. If the

20 average amplitude falls below the reference voitage then the pick-off signal ié
ampiified at multiplier 303 and an amplitude-conditioned pick-off signal is output
from muitiplier 303. The amplitude conditioned pick-off signal is amplified by power
amplifier 304 to produce the final drive signal that is fed back to driver 104.  Thus
drive circuit 40 operates to maintain a r'éla‘tively constant amplitude. The details

25 of existing drive controf circuitry 40 are well known to those skilled in the art of
Coriolis flowmeter electronics and do not form part of the present invention. See
U.S. Patent No. 5.009,109 for a more detailed discussion of multiple embodiments

of drive circuit 40.

A Combined Driver Coil Assembly and Pickoff

30 The present invention involves changes in meter electronics 20 that permit
driver 104 to be used as a combined driver 104 and pickoff 105 or 105' (see FIG.

1). Thus, one or more of pickoffs 105 and 105' can be eliminated, or a third velocity

-9-



FIG 5 depicts a driver coil assenbly for use according to the present

i nventjon; 25 FIG 6 depicts a mnetic coil assembly for use
according to the present i nventi on: FI G ' a
schemat i ¢ ¥OP2U7%4 di agram of neter electronics for use in LCdr?@%’%gﬂci ng

the present invention accordlng to a second anal og enbodi nent

or csent | TWEGRE 4 RIS SuRE 2y i nefmbthé o RBUMATR ndly 4 21

a schemattrgvet bh GHed 101 agd am'of Fesfpurth enbodi ment of the pr esent
invention including all digital electronics; and
- 6- FIG. 4 depicts a girrit S@@”&Riﬁl@@éioénm%@%@fswngﬁwpﬁwa@r using a

driver V, D

pESCR iR e tierpa g Rt 20 g 1 e st B ener a

- FIG51 THe major comthéME@f dircftaapemalio Mool ihdudé awarteitionatonsd iing a :
Coriolis nmeter assenbl 10 and neter electronics 20. Meter el ectronics

20 i s corafsemddy tr@nqaéq%,as SsemnhP4, a mimetic circuit 402 having an impedance
identical to the impedance of driver 104, and connective lines 404, )

Driver 104 is positioned on Coriolis flowmeter 10 in the same manner as
shown in FIG. 1. Specifically, as depicted in FIG. 5, driver 104 contains a
10 cylindrical magnet 500 that is received within a central opening 502 in coil 504,
Magnet 500 is affixed to flow tube 103A for actuation of flow tube 103A. Driver coil
504 is affixed to flow tube 103B for actuation of flow tube 103B. The application of
an alternating or pulsed drive voltage on line 100 to driver coil 504 causes magnet
500 to reciprocate in the directions of double-headed arrow 506. Flow tubes 103A
15 and 103B provide spring bias that force magnet 502 towards a neutral position
within opening 502. In the FIG. 4, driver coil 504 is represented as a resistance
R.s and an inductance Lags-
FIG. 6 depicts mimetic circuit 402 in greater detail. Mimetic circuit 402
includes a cylindrical magnet 600, which is disposed in centratl aperture 602 within
20 coil 604. A stationary plate 606 is coupled with mimetic coil 604. A stationary plate
608 is coupled with magnet 600, Plates 606 and 608 work in opposition to one
another to prevent relative motion between coil 604 and magnet 600.
in FIG. 4, mimetic circuit 402 is represented as a resistance R,;; and an
inductance L,,,. Accordingto the embodiment of FIG. 4, R IS identical to R, ,, and
25 L,y is identical to L, -
Connective lines 404 include drive line 100 (see also FIG. 1), mimetic circuit
line 414, and a common supply line 416. Drive line 100 carries voltage V, from
common supply line 416 to a current sensing resistor 418, which is used to
measure i, i.€., the current on drive line 100. The voltage V, downstream of R

30 418 is calculated as

e 5
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10 via lead 100 to provide density, mass flow rate, volunetric flowrate
and tothlized mass flow information over path 26. A Coriolis flowneter
structure is g scri bed, al though, it is apparent to those skilled in
the art that” ﬁgTQP%sent invention could 10 be practiced i nPEYYSIPHIon
with a vibrating tube densitoneterw thout the additional measur enment

necenbly 1ML Ges e FUFRS BF crive o200 beiow: 468 anrabpYopaveenl 504,  and
flow tubes ii@:’tﬁe aaﬁlea{mne%onagtj@@hetr@éikmgfg;b?ggrrréﬁ%g@gg Jé%ggrﬁ ey i ver

104 and pick-off sensors 105 and 105" . Br sé€rve'to
define 15 anekeVaigitee witage o edsommonshippll lieacttsf | ow t ube oscil | at es.

hen f1 t LS| ed i Di pel. i t t _shown) which
carri s the pr osaTU FURElE e B pirBe DRtp e veimB O T bR Bhe 618 ot o1
assenbl y5 100 trhirig ol 5ange DHS linB 398 @& ridY poleye BRI mkaksh %g/gﬁ@e

mat eri al is directed to enter flow tubes 103A and 103B, t hr ough
fl ow t ubes 416084 cuftert eensitm@sistar 48cwhichtiousemiofroeasutey, f.e.othewherent i t

exits neter,a . hr h flange, 101. . Fl ow tubes 1
03A and 1038 g’?@ggée?l'g%% ég ana":’g SBI3%HY s g‘?’(‘é‘ﬁl\?trﬁ%‘ﬂn?fe%“tgot [fecalculatednads £ o) d
102 so as to have substantially the sanme mass distribution, nonents of
inertia and el astic nodul us about bendi ng axes WWand W-W, respectively.
The 25 flow tubes extend outwardly fromthe manifold in an essentially
paral l el fashion. H2ow t ubes ZP3Ai-R 103B are driven by driver
104 in opposite directions about their respective bending axes Wand W
and at what is terned the first out of phase bendi ng node of the
flomter.@ive& 104 may conpri se any one of_ many wel | known

, &)

ar r angenent&ereif ¢ 1S48e y0 dinsuines @Ot helow & 4 d N edilye 0l $04.
opposi n@ ciik HEPIHEH ohGink Law { Ui ' Lh§ating
current .s is passeg fgr Vi br%???}%@%(%gﬂenﬁ %%&égggmlxq@&%éﬁﬁégtﬁli ve
signal is #piheiresistyitymdtcamrent-senseigeresistoniR,s42@, via lead 110, to driver
104. A voltage comparator 422 (e.g., a conventional wheatstone bridge or similar

circuit) is used to determine V,, which is the difference between the voltage on lines

100 and 414
(3)V,=V, -V,
15 The current iy on line 100 can be expressed mathematically as:
YV ~EMF
(4) i, 7 ———
R+jwl

wherein’i: is the current on drive line 1db:‘va is the applied voltage to drive line 100
and mimetic line 414; EMF is the back electromotive force on coil 504 due to the -
movement of magnet 500: R is sum of the resistance R4, of drive coil 504 and the
resistance, R, of current sensing resistor 418; jis the square-root of negative one;
20 wis the frequency of the alternating or pulsed voltage Va applied to drive line 100,
and L is the inductance L., on drive coil 504. Equation (4) can be easily arranged
to solve for EMF, which is the desired measurement that is needed to solve for a

measurement of tube motion according to conventional Coriolis measurement
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Meter. el ectronics 20 receives the left and right velocity signals appearing
on ¢ leads 111 and 111, respectively. Meter electronics 20 produces the
drive signa appearing on lead 110 and causing driver 4 . v] brate
t ubes 103&@1%’7?6‘38. Met er el ectronics 20 processes tﬂéplluéwwé%ld right
velocity signals to conpute the 5 nass flowrate and the density of the

e ) 21 SRR RISl BE e o M BBEWERGD b P

by neter ics oVer pa

shown) . separate back EMF frenkadvive signkhesg, stkdriveedod.n the art that Coriolis
flowreter 5 is quite simlar . _in structure to a vibrating tube

densi t onet er . SiMHadY.itheg cuiiset igem ine 4t cap deaxpmssad mathematically @spr at i ng
tube through which fluid flows or, in the case of a sanple-type
densitoneter, w thin which fl uig&i s held. W,brating tube densitoneters al so
enpl oy a drive systemfor cititag tRejdd ow tube to vibrate. Vibrating
tube densitoneters typically utilize only single feedback signal since
a density neasurenent requires only the measurenent of frequency and a

phase meaglepEnis e &R%en?%{%%ﬁ%‘ﬁ% -ﬁn%5f14;Tbeisqﬁ§%bbﬁl$d @Hlfag@ftotnmﬁwe%ese”t
i nvention herei fh apply equally to vibratiny tube densitoneters. Those
ski | | €l ilinetdid; &ris threemoygof the resistanoh &, g chmireglicstdilf§4@owitbe resistance, f | ownet er

al ready has two feedhack signals gyvailable to inpuf to a nodal fjilter, an
X! 5t hg et e T BEnta% St | e St SOl westiSe R tidher y ol cal |y
avai | abl Q’reqyé%y QR end18REINAThY oPhQ¥EE Qs Vi apdlediteMbaGKe I0BNRSIsi N a
vi brating 2 tube densitoneter in order to apply the present invention to
a Vi br at ialgp thebrelative ordangsiiarorelstally .of magnet 500 with respect to drive coil 504
(see FIG. 6); and L is the inductance L,,, of the mimetic coil 604 which, by design,
10 is equal to the inductance of the drive coil L.

It follows from the above equations that:

EMF # Rcs

(6) vV, = -
R+j0L

v

wherein V, is defined above in equation (3), and the remaining terms are defined
with reference to Equation (4). Equation (6) can be solved for EMF, which is the
desired variable measured by independent pickoff assemblies 105 and 105' for

15 input to mass flow rate circuit 30 on lines 111 and 111" (see FIG. 2). The
conventional mass flow rate circuit 30 of meter electronics 20 (see FIG. 2) is
modified for purposes of the present invention to perform the calculation according
to equation (6)..Thus, EMF calculated according to Equation (8) is used as though -
the EMF measurement had originated from pickoff 105 or 105",

20 FiG. 7 depicts a second analog embodiment of the invention, namely, circuit
schematic 700. Like numbering of circuit schematic 400 in FIG. 4 has been
retained where is it possibte to do so with respect to the substantially identical
features of circuit schematic 700 in FIG. 7. Circuit schematic 700 is identical to
circuit schematic 400 except that mimetic coil 604 has a resistance R,,, that differs

25  from R, as:
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Prior Art Drive System- FIGS. 2 and 3 FIG 2 depicts a block
di agrai of meter electronics 20. Meter el ectronics 20 i ncl udes mass
flowrate circuit 30, and drive circuit 40. Mass flow rate circuit 25

i s one of rr‘ﬁﬂ?s’lk-f?é\‘m circuits for calculating the mass fl 0\/\/"1:5’%986*9“’1 fluid
t hr ough a vibrating tube based on the difference in phase between two
points on the vibrating tube. Mass flow circuit 30 produces output to
a utilization means (not $hpwn) Aayesrling 26. The utilization neans

m ght be, for exanple, a display. The details of mass flow rate
circuit 30 are well known to those skilled in-the art and do 30 not form
part of téheseioshnis a spaémfactor.to secount $or thatdifaremee Batweso R.eamRie Snith
*on Novenb do s fac t|o lnc. or
U's B ety e RafR Part Ot bieatE s drerolberedls

.assi gned (Rl | tehef ®H2 measurement system saves power when Ry, is greater than R - 8-

"to Mcro I\/b%lon Inc. or US. Patent 5, Zf 884 issued to Zol ock on August
3, 1993, becausminedseiegaedirasistance Raceedmgew@rmwnqﬁﬁurrempn minelisenpl ary

i nf orrr%t eR 4q9asghﬂ§rey r%g;}%?gfgm te circuit30. In existing drive
ens C

circuit sys? &5e| ves a feedback signal over path
41 from |l eft pick-off sensor 1058 des cn%ed in nore 5 detail with
respect to FIG 3, existing dri vé8 trosifies st ens produce a drive signal

where S is a scale factor to account for the difference between L,y and L,gq. Inthe
case of circuit schematic 700, meter electronics 20 make adjustments according
to equations (7) and (8) to equate L, with L.-; and R,y with R, before entering
calculations according to Equations (1) to (6).

10 FIG. 8 depicts a digital circuit schematic 800, which cperates to the same
effect as circuit schematics 400 and 700, except that circuit schematic 800 saves
even more power than does circuit schematic 700. Like numbering of circuit
schematic 400 in FIG. 4 has been retained where is it possible to do so with respect
to identical features of circuit schematic 800 in FIG. 8. A significant advantage of

15 the digital implementation is that the digital mimetic circuit can easily be tuned or
adaptively updated to account for drift in the resistance and inductance of the drive
coil.

In the FIG. 8 embodiment, line 802 carries voltage V, to analog to digital
converter 804. A digital filter 806 receives from ADC 804 the digital input

20 corresponding toV, and uses this digita‘f input to model the same impedance as the
mimeticdcoil 604 on mimetic line 414 of FIG. 4. Digital filters are well known to -
those skilled in the art, and any conventional or standard variety of digital filter
implementation will suffice for use as digital filter 806. A variety of digital filter texts
are available to describe conventional digital fitter implementations, e.g., as in the

25 book Antonieu, Digital Filters: Analysis and Design, McGraw-Hill (1978). The digital
fiiter 806 uses the frequéncy of the input voltage V, to calculate the complex
impedance corresponding to mimetic coil 604 of FIG. 4, and outputs the digital

vc;ltage V, with the correct amplitude and phase using conventional digital filter

13-



over -path 110 to driver 104. Those skilled in the art recognize that .
exi stipg drive systens may alternatively utilize the right pick-off

sensor as back to drive circuit 40. Also, sonpg¥iskiifg,drive
systens ut Wﬁzgféﬁt e sum of both pick-off signals as the feedback to

drive circuit 40. 10 FIG 3 illustrates a bl ock diagram of an

exi sting @édh‘ﬁ?q&%gé@é?ﬁalf’@ana@g;{( v‘%HéF&Ugrecelves l‘ﬂx@\/@@%b@éna%rrf;ﬁ@%ﬁ?k si gnal

in the formo he pi C signals fromthe | owret er and
appr opr i adégital 6iterd8e6. camd Qomzenrtagmﬂ sigdal iofo amanpiogksigial cgngatarng pbthe

produce a dive 5| over b As noted so drive systens
B ¢ uRbedeus o aRasr Rk 422 himd s AR BB P EdR kI S¥ 5 oY Sance
a drive S*ugélaie ﬂénb&xm\éﬁt CTHUGUEIFcutQchemalioy 850 eorbpitala rﬁwfx@ffb@f@i@t@ff 105
over path 41. The pick-off S|gnal is fed to rectifier 300 and then

i nt egr & o@nd@naloghelesiegisal out put fromintegrator 301 represents an

e nput To anbl Qb prpr S BRRReR, el R 3 s R0 iERuen, o 7

aver age amgHic i@ SognibietredBhvibdtiRgsa! im&) kircoit ScheghRic@00&owPris Vref.If
the 20 average anplitude falls below the reference vogltage then the
pi ck- of f gn@ialigitatembodimeapihpt ¢<§t§eatesmr@|p@weékha3@3wy9ﬁa1%ﬁmbodlments

anpl | ¢ ude8a08i @Dk OB! PR oPULPYhemaic HOMBRHLL ik 303

The anpl i i'troned naI

anpl i fider s3f dffecpaodinast gchembtmsmom 708800 l@&d:e;it tedt cirsuit @cd\ehmﬂc 8ap driver
104. Thus drive circuit 40 operates to maintain a_relatively constant
anpl i t ude S2YPReCYt HIArE PoWer @P“ék??& pihgr aFsuitescbismaties- éideIH”ﬁt?%f'r}ﬁ)Oér e well

known to H? ?scﬁ‘lié'nlleltfc%O'O'?n H@e Fhds ?éen retalne%ﬁ&gtsslt%@ﬂ%t@ao gb {I‘{ oni cs

and do not formpart of the present 1nvention
5, 009, 109rdqpreat tmdentltmi éadtlﬁdsdf sicaustsschematic 800 tn pI& Snbodi ment s
drive circuit 40.

d Dr Coi |l Ass Pi ff 30
The present i nietiie - |%%P%@egﬁa{w&|e%6%lr9?rﬂ%§ é?itagleer@t% eg% | Cé't%l'fél permt
' vei108h e o Eiaf bR b el b Ol Ao CHOS 1 fRofoel 05 (see

FI G one or nore pi C fs 105 and 105 can be elim nated;
or athird N/&ﬂddomttqdel the same impedance as the mimetic coil 604 on mimetic line 414

of FIG. 4. The digital filier 806 uses the frequency of the input voltage V, to
calculate the complex impedance corresponding to mimetic coil 604 of FI1G. 4, and
outputs a digital voltage V, having the correct amplitude and phase. A second
20 analog to digital converter 904 receives the analog voltage signal V, from drive line
100 downstream from R 418, and converts this analog signal into a digital output.
A digital voltage comparator 906 is used to calculate V,, and provides V, as a digital
signal to meter electronics 20 on line 906.
FIG. 10 depicts a schematic process diagram P1000 for using driver 104 as
25 a combined d}iver and signal pickoff device. FIG. 10 will be described in the -
context of reference numbers corresponding to FIG. 4, but the functional discussion
of FIG. 10 is equally applicable to any of the embodiments shown in FIGS. 4, 7, 8,
and 8.
In step P1002, meter electronics 20 apply an alternating or pulsed drive
30 voltage V, to line 416, which energizes drive line 100 and driver coil assembly 104.
According to step P1004, the same drive voltage Va is transmitted to mimetic circuit
402 on mimetic line 414. '
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-9- ’ 10 Substitute

sheet -t18 Dec 2001 signal can be supplied to neter electronics
20 in the manner of the signals that travel on lines 111 and 111
in FIG 1. WO9/17084 FIG 4 depicts a circuit schemati BCTUSIYBHDK i si ng
a first anal og enbodi nment of an interiorconponent to neter

el ectronics 20 according to the present invention 5 The mgj or
conponents of c“rsf‘ﬁﬂ?1%(%né@f{ﬁgﬁ@omgfﬁt%ﬂ@@éfﬁﬁm\ﬁ%wltﬁ@éIdfffﬂfﬁiwv‘co|I

Aoy, ! Bl SRS IR 1ol idter LIBAREL 2000F B In AXEAIGAGA A TPedance

I dentical to the I npedance o connec I've

Driver 104a¢rcp$mg|t<b Eqnambro(ﬁ)CDlne odld:matfdnm&ﬂwmﬁspéﬁormed inetePEOOBABAGI as
shown in Fleﬁl rjr§ ifically, as depicted in FLG_5, driver 104 contains a
10 cyl i nd¥eRAI10 iS56001 2s/gnal eairasPoBAINgAa BMA tanaeéwtql%mmgf@raqqg 502 in

coi | 504. Accorduna’tw&?b@w the B E@ggl (EQJSE¢ cél Ql%tel c}t%rb rﬂct ation of

fl ow tube 103A I ver 3B for
act uat i on @anheefatavbeeti@BRl pickes sigm! r:ompnmng&MF accordmg amcmlvém‘mll ng or

| sed dri | t 100 to driyer coi| 4 magnet
Egoste 0 r(rag’(grr’%%a?%gﬁﬁp‘m?e M‘Prt ?538%%”'%4 d{fﬁﬁéhﬁé{\ﬂg : %\F&”S@GU“F”FOW t ubes
1 03A %n@ﬂﬂoﬂ@@ﬁri@:ﬁ@ﬁié&@ R/, HQ&I@'%BR@H&E@E&& fBAN&Ion202 towards a

neutral position thin opening 502. In the FIG 4, driver coil 504
isr epr esent ed EWsa skélgdsm é‘m;ert will recogmmﬂ'&téhm:icmbmaduhwm bieRBtf

FIG EEpés%te%tm/ ¥ChCIS %'eggr"bed Oo%elrrrlla tr)ee ﬁgeeé to gé\?a{nltagel\qnnr%dﬁ fl(l:tiaglr?éj 't 402
systems for processing Coriolis flowmeter vibration signals. In general terms, the
modal filtering analysis is used to selectively identify vibrational modes of interest
to mass flow, density, and drive frequency measurements that are obtainable from
Coriolis meters. This selective identification is used to eliminate noise, such as

15 vibrations that are transmitted to the flow meter from a pipeline. Additional pickoffs,
l.e., three or more pickoffs 105 and 105" (see FIG. 1), may be used in Coriolis
flowmeters to enhance the specificity and selectivity of modal filtering analysis in
identifying the signals of interest and eliminating noise. However, sach additional
pickoff can filter an additional vibrational mode that potentially adds to the

20 specificity and selectivity problem in eliminating noise. Apparatus according to the
present invention advantageously avoids the problem of adding to the number of
signal pickoffs because the driver also functions as a pickoff.

Those skilled in the art will understand that the preferred embodiments
described above may be subjected to'apparent modifications without departing

25 from the true scope and spirit of the invention. The inventors. accordingly, hereby ~
state their intention to rely upon the Doctrine of Equivalents, in order to protect their

full rights in the invention.,
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|ncludes a cyllndrlcal magnet 600, which is disposed in central aperture
602 within, 20 coil 604. A stati ate 606 is coupl ed vm'th‘m' nmetic
coil 604. A stationary plate 608 is coupled with rra @00. Pl at es
606 and 60¥OW¥1198¢ n opposition to one”m" mmlm nt ré& f"isv B8t i on
bet ween coil 604 and magnet 600. mmnm 4, mmetic circuit
402 is re {gi&gt ed as a resistance R410 andtan" S * I nduct ance LAl12.
According e enbodi mrent of FIG 4, R406 is identical to R410 and 25
L408 is identigal tah zhfb]a?atus (400 700, 800)forus@%ﬁ“@@éﬂnﬁ%eh'd@@iﬁa&%&%ﬁﬁl' ude
drive line 100 (see also FIG 1), mnetic circuit line 414, and a
comon s ugpkaeff ﬁqa\nee 444 vibrationa! drivee s}a@ﬁamafaﬁues:ovmrtsa@ Va from

comon supply line 416 to a & L(S nsing resistor 418, which is used to-
measure ic i.e* IMY§&E0 GF?%WPVK ‘@ %ﬂelﬁi ne 100. The vol tage Vc downstream

S/‘E Reis[ ]30 4 8ol 35048) 6alMEGf @fnanating field effects derived from oscillating (1) V =
err][err :

[err] § voltage leading to said coil, and 11
Substitute sheet ? Bgﬁ 2001 wherein Vd is the voltage on drive
i ne 100 bel ov@ﬁ’é’g q (é d above drive coil 504, idis the current on

line 100, Res dad tgerices laSEérMbW%aO‘hg%réﬁﬁipeﬁ@ﬂﬁe (R40&41i498)r Res 418,
and Va is the voltage on common su i ne 416.
means (500, 103A; 504, 10%3 ?c/)r positioning said magnet in operable
relationship with respect to said coil wherein said magnet is driven in oscillation with
10 respect to said coil responsive to field effects emanating from said coil;
| a mimetic circuit (402, 702, 804, 806. 808, 904, 906) providing a second
impedance (R410, L412; R704, L7086, 806) comparable to said first impedance
when said magnet is stationary in fixed positional relationship with respect to said
coil;
15 means (100, 416, 414, 802, 902) for applying a drive voltage signal {o said
coit and said mimetic circuit to produce a corresponding coil voltage and a
corresponding mimetic circuit voltage; and
means (20) for calculating back etectromotive force in said coil using
measurements obtained from at least one of said mimetic circuit and said drive coil

20 assembly.

2. The apparatus as set forth in claim 1 wherein said mimetic circuit is

an analog circuit (402, 702).

3. The apparatus as set forth in claim 2 wherein said analog circuit

includes a stationary coil (604) and a stationary magnet (600).

4, The apparatus as set forth in claim 3 wherein said stationary coil and
' said stationary magnet in combination provide said second impedance (R410,
L412) identical to said first impedance when said driver coil assembly is restrained

from motion.
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Simlarly, mnmetic [ine 414 carries voltage Va fromecermmon supply line 416
5 to minmetic coil 604. Drive line 100 a from common supply
li ne 416 to a current sensing rﬁﬂm ,mim”.]jﬂm Is used to nmeasure
i[err]e., tHeO8UIT0&t on miJretic 11 e oI t agePV/EE 9fFleam
of Rirr]420 is calcul ated as (2)

Vl[err] = v[err] - i[err] wherein V[err] is the voltage on drive
line 100 bel ow Res 4Jbeapparahsas st forth it oiaim 80vherdio said statiqnarg ceihand ur r ent

| 414, V th t . CO 1 | | i 16
"5 the resiceid AR agReT coBTUTgNer LB keaRye MpngERCe TR,
vol tage COW@B%%riﬁ&3¥é%cﬂe faclolGR PPk i%%'ld faeripetane: Whed98idefriver m | ar

circuit) is used to ermne V[err], which is the difference between the
vol t age on doil mesembly is 1&trained et motion.

(3) Verr]=[err] 15 The current id on line 100 can be expressed
mat hematically as: . \%
- EMF 6.  The apparatus as set forth in dlaifn } whekrdi®@shid mimdtRrdidcuit is

a digital circuit (804, 806, 808, 904, 906).

7. The apparatus as set forth in claim 6 wherein said digital circuit
includes a digital filter (806).

8. The apparatus as set forth in claim 1 wherein said mimetic circuit
includes a digital filter (806) for modeling said first impedance and an analog

voltage comparator (422).

S. The apparatus as set forth in ctaim 1 wherein said means (500, 103A;
504, 103B) for bositioning said magnet in operable relationship with respect to said
coil includes means for mounting said coil on a first Coriolis meter flow tube (103A)
and for mounting said magnet on a second Coriolis flow tube (103B) opposed from

5 said first Coriolis flow tube.

10.  The apparatus as set forth in claim 9 wherein said magnet is centrally

disposed within said coil.

11.  The apparatus as set forth in claim 1 wherein said means for ~
calculating back electromotive force includes means for comparing voltage between

said driver coil assembly and said mimetic circuit.
12.  The apparatus as set forth in claim 11 wherein said means for

calculating back electromotive force includes a processor that proceeds according

to the equation:

47-



wherein [err] is the current on drive line 100: V[err] is the applied

voltage to drive line 100 and minetic line 414, EMF is the back
el ectronotive force on coil 504 due to the novenent of ma[?net 500: R
is sum of WRIMES#stance Rerr] of drive coil 504 and the PCT/U8I4t ance,

Rlerr], of current sensing resistor 418; j is the square-root of negative
one; 20 wis the frequency of the alternating or pul sed voltage Va applied

to drive |line 100, and L is the inductance L408 on drive coil 504.
Equation (4) can be easily arrapged . t &0l ve for EMF. which is the
desired neasurenment that is needed to sol wejbdr a nmeasur enent of tube
notion according to conventional Coriolis neasurenent

12 Substitute sheet - 18 Dec 2001 cal cul ations. The

conventional Coriolis calculations do not include the ability to

separat e \Qﬁﬁﬁe i\ i§ rtﬁ’é“v@kté’g{é iﬂﬁfe?é atgetw eH-the ?ﬂﬁb'lvgr Eo ﬁésée@ﬁblﬁaaqgj the

SI m larly, current I ne 4 4 can be expressed ematically
mimetic circuit, EMF is the back electromotive force on the drive coil| & i the
(5) [ er is the cufrrent an mnetic.line 414;

Vierr] i s']elsﬁéa%?p?“ﬁ%ld()‘é‘? ’P%{'Igbstt F sAvRIeITROt OTRIegRiivRCNR 4 SIS BEAURNGY um of the
resi stanc gt r of the
current ngntsﬁlé%eﬂast%t orFJ u%zeg;cvo}lta?%ﬁ? ﬁ’lie)é11 st%q)ll}g(reed-q-:i ?%E%@g??l%%aﬁqdvgbgﬂg [err]
is the drive coil _

13. A method (P1000) of Using a driver coil assembly {(104) to cause
vibrations while using said driver coil assembly as a pickoff to receive telemetry
corresponding to said vibrations, said method comprising the steps of:

applying (P1002) a drive voltage to a driver coil assembly (104) haviﬁg a first

5 impedance {R4086, L408), wherein said driver coil assembly includes a c.oil' (504)
and a magnet (500);

applying (P1004) said drive voltage to a mimetic circuit providing a second
impedance comparable to said first impedance when said driver coil assembly is
held in a stationary position; and

10 calculating (P1008) back electromotive force in said coil.

14.  The method as set forth in claim 13 wherein said step of applying
drive voltage to said driver coil assembiy includes a step of vibrating a pair of flow

tubes in a Coriolis flow meter.

156.  The method as set forth in claim 13 wherein said step of calculating

back electromotive force proceeds according to an equation:

o .o A

v R+jwlL

wherein V, is the voitage difference between the driver coil assembly and the

mimetic circuit, EMF is the back electromotive force on the drive coil, R is the

-18-
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frequency of the alternating or pulsed voltage V[err] applied to drive line

100 andti's also the relative or angular velocity of magnet 500 with
respect to drive coil 504 (see FIG 6); and L is the inductance L[err]
of the m neW@¥LI084 604 which, by. design, 10 is equal to tRCTHIGAPRACe of
the drive coil L408. It follows fromthe above equations that:
EMF [err] 6 V=

( 6) :
[err] 5 resisighepdf thefidve qoili s Hef squage s pénegative gnei wis the)freqyieacy he
remai ni ng ter, [ ith ce. tin@n . ation
(6) can be Oséﬁggéﬁggﬁéﬁg,sgl\ﬁﬁ? X%Ita:@g E{br%'gé% ﬁ{édd;rg}le ?Cé) %\Uggiogbféé}ﬁeoa@ﬁérj ed by
i ndependentdrigeadeaf f assenblies 105 and 105" for 15 input to nass flow rate
circuit 30 on lines 111 and 111' (see FIG 2). The conventional mass
flowrate circuit 30 of neter-electronics 20 (see FIG 2) is nodi fi ed

for purposes of e i ! ; r ] al i ordi ng
to equation (6) .1t6?hugfh%2ﬁ£‘%8g%\é§%gtom 'é%é%&d{%gv%%&gaﬁ'gtsﬁ%ﬁaf 6{& ilyg&ﬁsed ‘as
t hough saldhdri/onagsior 2 memktid acudl ingiudas egpllingreajid dked tollddfe torardl05' . 20
FIG 7 depicts a second ana}I o) en‘godi ment of the invention, narely, circuit
schemati c AN MWBSIRIFHAY ﬁ%zqﬂfoz ircuit schematic 400 in FI'G 4 has been
retained where is it possible to do so with respect to the substantially

i denti cal features of circuit schematic 700 in FIG 7. Grcuit
schematic 700 i §7i dedihecatthvd as set forthrioudlaims theiratsirc sdid Gtex of @pplyirag

m metic COIslaid6 gﬁvg %(Syltgger osgasr%i%re]a%g cﬁZ&?iécpu%tesdalgpﬁﬁrrlgs sgié drfvreaoxggl aggatoaaS:

digital mimetic circuit (804, 806, 808, 804, 906).

T
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(7) .+ Rery] wherein SR is a scale factor to account for the

di ff erence between R704 and R406. SR is preferably a value greater
t han one because RLerr] is preferably greater than R[errFL_ TI")IE/, f4Low
measur enent Y T saves power when R704 is greater than R &F{US?8/19421

because the increased resi stance R704 reduces the amount of current on
mmetic 5 1line 414. Simlarly, L408 differs fromL706 as:

(8) [err] where SR is a scale factorto account for the difference
bet ween L706 and L408. In the c? e of circuit schematic 700, neter
el ectroni cs 20 nmake adjustnents acco i ng to equations (7) and (8) to

equate L408 with L, and Rlerr] with Rlerr] before entering

‘cal cul ations adkordipng to Equations (1) to (6). 10 FIG 8 depicts a
digital circuit| scfematic 800, which operates to the sane effect as
circuit schematfics 400 and 700, except that circuit schematic 800 saves
‘even nor e power—thanmdpoes circuit schematic 700. Li ke nunbering of circuit

METER
ELECTRONICS
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schematic 400 in FIG 4 has been retained where is it possible to do so
wi th respegt to identical features of circuit schematic 800 in FIG 8.

A signifi ‘ﬁ@t /i‘ﬂ%?nt age of 15 the digital inplenentation isctigbs/idhe
digital m £r ircuit can easifly be tuned or adaptively updated to
account for drift in the resistance and i nductance of the drive coil.
In the FIG 8 enbodinent, |ine 802 carries voltage Va to analog to digital
converter 804. A digital filter 806 receives from ADC 804 the digital input

20 corresponding to V[err] ang uses this digital input to nodel the same

i npedance as the mnmetic coll 604 on mnetic line 414 of FIG 4.
Digital filters are well known to those skilled in the art, and any
" conventional or standard variety of digital filter i npl enentation wll

suffice for use as digit
_are available to describ

| filter 806. A variety of digital filter texts
convéhtional digital filter inplenentations,

“e.g., as in the 25 book|Antonijeu, Digital Filfters: Analysis and Design,
MG aw Hi Il (1979). The qligitali™~ —ficiter 806 uses the frequency of the
i nput voltage Va to calc e tjhe conpl ex i npedance corresponding to
mimetic coil 604 of FIG |4, and outputs the digital vol tage V[err]
with the correct anplitude and |phase using conventional digital filter
-13- & 14 Substitute
sheet - 18 Dec 2001 techniques. Didital to anal og converter 808
receives the Verr] digital signal input from
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digital filter 806, and converts the signal into an anal og signal

consi sttngot the vol tage V[err] Voltage conparator 422 remains an
anal og vol tage conparator, as in the FIG 4 enbodinent. Thus, circuit
schemati ¢ 80YO08YH9B4 ses a ni xture. of digital 5 and anal og REBHEYH19421

FIG 9 depicts a fourth enbodi ment according to the present invention,
which is the nost preferred enbodi nent, nanely, circuit schenmatic 900
conpri si ng an all digital enbodi nent that conserves nore power than
any of the enbodinents according to FIGS. 4, 7, or 8. The all digital
circuit schematic 900 operates 8¥ the 10 sane effect as circuit
schematics 400. 700, 800, except that circuit schematic 800 saves
even nore power than these other circuit schematics. Like nunbering of
circuit schematic 800 in FIG 8 has been retained where is it possible to

do so with respect to identical features of circuit schematic 900 in
FIG 9. In the FIG 9 enbodinent, [ine 902 carries voltage
Vlerr] to analog to digital 15 converter 804, which provides digital

output corresponding to Va. A digital filter 806 is used-to nodel the

sanme i npedance as t 414 of FIG 4.
The digital filter..B06 uses the frequency of the input voltage V[err] to
cal cul ate the conpl gx i npedance corresponding to mnetiic coil 604 of FIG

4, and outputs ajdigital voltage V[err]] having the correct anplitude
and phase. A second| 20| anal og to digi &al cgnverter 904 receives the anal og
vol tage signal Vvd fronjdrive &ine = 1 04 downstream from R{err] 418, and
converts this anal og s|gnal iAto igital cutput A digital voltage
conparator 906 is used/to calcu ate§ err] d provides V[err] as a
digital signal tp net I@g n line 906. FI G
10 depicts a schengtic| process \dia P10Q0Mor using{driver 104 as 25 a
conbi ned driver and sibqgl i cko vice. FIG 10 wil| be described in the
context of reference nunber/, corresponding tflo | G 4, but the functiona
di scussi on of [FIG 10/i§ equally appligabfe to any of the enbodi nents
shown in FIGS. 4, 7, ﬂ, nd 9. In step P1002, neter
el ectronics 20 appliyy an a.T@?wating or pul sed drive
& =
0’)‘ < o %J%_
S : 3>
= & 5 18 N
K o 8
-o.
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30 voltage V[err] to line 416, which energizes drive |ine 100 and driver
coi|l assenbly 104. According to step P1004, the sane drive voltage Va
is transmitted to mnmetic circuit 402 on minetic |ine 414,
In step P10@®99dM8Hage conpar at or= 422 det erm nes t he vol t ag@ATYP¥Ate W,
and transmts this value to nmeter electronics 20 for use in a calculation
of EMF according to Equation (6). The calculation of EMF is perforned
in step P1008, and step P1010 entails sending a signal correspondi ng
to EMF to neter el ectronics 20. 5 A%(}?rdi ng to step P1012. the EMF
signal is used to cal cul ate tube i in the manner of a
conventi onleH pi €kotf + si-gnal- €eempri-si EM- accghgling to conventi onal
Coriolis calculations. Meter electron cs 20 uses the cal cul ation result
in conventional Coriolis nmass f| ow, densi tyﬁn—d Cﬁ’l ve feedback
cal cul ati ons. Those skilledAn the axX will recognize4Pbat the
‘conbi ned driver and pickoff 10 assenbi i i 103ked abeve may be
used to advantage in m)dal f||te41819 ! 5/ for processing Coriolis
f I owmret er \/lbratlon S|gn n ner'a 10 nodal filtering
anal ysi s us used to sel ectol vel ﬁent nodes of interest
to mass flow, deﬁ@‘%t\ an diHeke frequency 51088t are obtai nabl e
from ICoriolis meters TIS seIVelct' gation is used to
ellmnate'nmse such ‘as[ 1 atlo yansmftted to the flow
meter fron) g el ine. AddltlQﬂaJ pi ck L S—S< o4 ENree or nore
pi ckof f s 1,05 h ,10% (see FIG 1), nfﬂ%d& usedl_h@s riolis
VV
422 |




flowmmeters to enhance the specificity and selectivity of nodal filtering

anal ysi’s ‘i h « identifying the signals of interest and elim nating noise.
However, each additi onal pi ckof f can filter an additional vibrational
node that pOQ@MI78%4y adds to the-20 specificity and sel ectRGH¥SP8HPHII em
in elimnating noise. Apparatus according to the present invention
advant ageousl y avoi ds the problem of adding to the nunber of si gnal

pi ckof fs because the driver also functions as a pickoff. Those

skilled in the art will understand that,_the preferred enbodi nents
descri bed above may be subjected to a%ﬁgr ent nodifications wthout
departing 25 fromthe true scope and spirit of the invention. The

i nventors. accordingly, hereby state their intention to/T&0p upon the
Doctrine of Equivalents, in ord91‘-&00 protect their fu rights in the
invention!~ "~~~ TTTTTTTT T oo 500 -15-




16 . CLAI Ms: 1. An apparatus (400, 700,800) for use as a

conbi neds asci | | atory si gnal pi ckof f device and vibrational driver,

sai d apparatus conpri sing: a driver coil assenbly Sdnsa

i ncluding WO9%1708 5 ¢oil (504F capabl e of emanating fleld ef

derived fromoscillating 5 voltage leading to said coil, and a
magnet (500), said driver coil assenbly having a first inpedance
(R406, L408); nmeans (500, 103A; 504, 1038) for positioning said
magnet in operable rel ationship wgk respect to said coil wherein said
magnet is driven in oscillation with 10 respect to said coil responsive to
field effects emanating from said callgpg a mnetic circuit (402,
©702, 804, 806. 808, 904, 906) pro%{gLng a seapud i npedance (R410,

L412; R704, L706, 806)2gonparablersto said fir t
.magnet is stattenrary +n -4 t+xed-posittanal

i dance when said
'p Wi th respect to said

coil; 15 nmeans (100, 416, 414 2, 902) § ying a drive
voltage signal to said cai l and:s id mnetic C|r to produce a
correspondi ng coil voltage and gy C ng mnmetic circuit

vol t age; ahd means (2 ? f [ badR el ectromotive force

in said co;l using  404neasur ¢ghent s 1obt ai ned f at I$a§é one of said
mnmetic ciycuit and sai d~\dri Wscoi x N . The
apparatus as set fopg in_cLQhULl_ Ber/¢ Aal O o cuit |s an
anal og cirFuit,(402, 7 P. —Er—» £/
I
t 416 ' R406 L408
I T 7O B~ N
! -
{
; 's Vv |
; 802" :
l Vgl 1
| ADC H(w) DAC |
1 : |
!
: 804~ sosj 808 f
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3. .The apparatus as set forth in claim2 wherein said analog circuit
includes~ g stationary coil (604) and a stationary magnet (600).

4. The apparatus as set forth in claim3 wherein said stgé@ggg5¥ oi

and saiwogpAara8énary nagnet .im conbination provide said ﬁ%edance
(R410, L412) identical to said first inpedance when said driver coi
assenbly is restrained fromnotion. 5. The
apparatus as set forth in claim3 wherein said stationary coil and sai d
stationary magnet in conbination prov}ép sai d second i npedance (R704,

L706) differing by a scale factor in T'édspect to said first inpedance when
said driver coil assenbly is restrained from notion~— pP1000 6.

The apparatus as set forth in claiml1l wherein said mnmetic circuit is a

digital circuit (804, 806, 808, 904, 906).

APPLY DRIVE VOLTAGE TO - P1002

DRIVER COIL ASSEMBLY

A 4

APPLY THE DRIVE VOLTAGE TO
A CIRCUIT MIMETIC OF SAID - P1004
DRIVER COIL ASSEMBLY

\ 4

DETERMINE A DIFFERENCE IN
VOLTAGE BETWEEN THE DRIVER
COIL ASSEMBLY AND THE MIMETIC | > £ 1008
CIRCUIT

Y

USE THE VOLTAGE DIFFERENCE TO
CALCULATE A BACK ELECTROMOTIVE | o P1008
FORCE IN THE DRIVER COIt. ASSEMBLY

4

QUTPUT EMF TO — P1010
METER ELECTRONICS -

Y

' USE EMF AS A MEASURE OF TUBE

| MOTION OR "PICKOFF" FOR FLOW [~ p1012

. MEASUREMENT AND/OR
DRIVE FEEDBACK

FIG. 10



7. The apparatus as set forth in claim6 wherein said digital circuit
includes a digistal filter (806). 8. The apparatus as set
fdrth in claiml1l wherein said mnetic circuit includes a digital filter
(806) for nodeling said first inpedance 1dhd an Substigte sheebt l8gec 2001
conpar at or (422). 9. The apparatus as set forth in claim1l

wher ei n sai digiRBsn beQipphed B neter el@@fbnidd3B)in t m2@Biker bPHeNGighaistthargnet
in operable relationship with respect to said coil includes neans for

mount i ng saittvebon limes 81 amdd1Cdn FEb.i s neter flow tube (1 03A) and for
mounting said magnet, on.a secon riqglis flow tube (103B), oppgsed from5
said first Cori oﬁ' .%q?%ql(patlsatg:gpufsc%%ma%c 400 COIBP”S%%@*SBQ%'SE&@%&%‘R@&{“ forth
in claim9 wagkelil sa |etercdtitfaide0 linQesee presdnLs tign.coi | .
11. The apparﬁéﬁié&éf%g&tpgpg&tqﬁn?énecl altn{?“l V\he?ceciogd'sgi d rre%%s f(ﬁ)}}% 8.

cal cul at i5ng Thaahajet ewrnpomertts vEcifouitcehematiod€$ indads afamnveotipsa! idngevodit age

bet ween said driver coil asse y and said m; jc circuit.
5 " The agpepEblANdGateg 2 grver 1082 eI GFOH A7 Bayino Akirapedance

gg'cg‘r“d?tngng idRAtKaRb 85d IHOPRInYE of BF¢S 102 LHARDNRePIRORRIY04 hat  proceeds
‘ ' Driver 104 is positioned on Coriolis flowmeter 10 in the same manner as
shown in FIG. 1. Speciﬁcally. as depicted in FIG. 5, driver 104 contains a
10 cylindrical magnet 500 that is received within a central opening 502 in coil 504.
Magnet 500 is affixed to flow tube 103A for actuation of flow tube 103A. Driver coil
504 is affixed to flow tube 1038 for act_uation of flow tube 103B. The application of
an alternating or pulsed drive voltage on line 100 to driver coil 504 causes magnet
500 to reciprocate in the directions of double-headed arrow 508. Flow tubes 103A
15 and 1038 provide spring bias that force magnet 502 towards a neutral position
within openfng 502. In the FIG. 4, driver coil 504 is represented as a resistancé
R.0s and. an inductance L .

FIG. 6 depicts mimetic circuit 402 in greater detail. Mimetic circuit 402
includes a cylindrical magnet 600, which is disposed in central aperture 602 within
20 coil 604. A stationary plate 606 is coupled with mimetic coil 604. A stationary plate
608 is coupled with magnet 600, Plates 606 and 608 work in opposition to one

Y . another to prevent relative motion between coil 604 and magnet 600.
In FIG. 4, mimetic circuit 402 is represented as a resistance R,y and an

inductance L,,,. According to the embodiment of FIG. 4, Ruos is identical to Ry, and

25 L, is identical to L.
Connective lines 404 include drive line 100 (see also FIG. 1), mimetic circuit

line 414, and a common supply line 416. Drive line 100 carries voltage V, from
common supply line 416 to a current sensing resistor 418, which is used to
measure i,, i.€., the current on drive line 100. The voltage V, downstream of Reg

30 418 is calculated as




to the eqbat i on: -17-
(6) [err] [err]
wherein V[err] is the voltage difference between the driver coil assenbly

and the mmetic circuit, EMF is thek backSelbetituterabtee\‘/e fBPee 0% he
drive coil, Ris the resi stance of the drive coil, j is the
square-root of_ ne err t e n he aI ating
or pul sed volwrfé@ﬂg}pﬁ {?1‘5 F%ge{ﬂ%ddyq@be@ 'P\g’ﬁ-%%a“%%g[e @FV‘?{ ﬁ%’ 4{'
drive coil. jisthe currenton line 100, Res is the resistivity of current-sensing resistor Res 418,

and V, is the voltage: on common supply line 416,
Similarly, mimetic line 414 carries voltage V, from common supply line 416
5 to mimetic coil 604. Drive line 100 carries voltage V, from common supply line
416 to a current sgnsing resistor 420, which is used to measure i, .., the current

on mimetic line 414. The voltage V, downstream of Res 420 is calculated as

(2)  V,=V, - iR,

wherein V. is the voitage on drive line 100 below Re 420 and above drive coil 604,

10 i is the current on line 414, V, is the voltage on common supply line 416, and R
is the resistivity of current-sensing resistor Reg 420.

A voltage comparator 422 (e.g., a conventional wheatstone bridge or similar

circuit) is used to determine V,, which is the difference between the voltage on lines

100 and 414

(3} V,=V,-V,

15 The current i, on line 100 can be expressed mathematically as:

V -EMF
d

R+joL

(4y i =

wherein i, is the current on drive line 100:V, is the applied voltage to drive line 100

- and mimetic line 414; EMF is the back electromotive force on coil 504 due to the
movement of magnet 500: R is sum of the resistance R,q, of drive coil 504 and the
resistance, R, Of current sensing resistor 418; jis the square-root of negative one;

20 w isthe frequency of the alternating or pulsed voltage Va applied to drive line 100,
and L is the inductance L, on drive coil 504. Equation (4) can be easily arranged

to solve for EMF, which is the desired measurement that is needed to solve for a

measurement of tube motion according to conventional Coriolis measurement

et




13. A nmet hod (P1000) of using a driver coil assenbly (104) to cause

vi brations while using said driver coil assenbly as a pickoff to receive
telemetry corresponding to said vibrations, said nmethod conprising the
steps of: appl yi ng (P1002) ®2dri ve Substinge sheed -dr8 Decc2001
assenbly (104) having a first 5 inpedance (R406, L408), wherein said
driver coil cage@dtiing, i THe eesvertiondl Cofidifidalculatiorddb Aoghele the Mbliity to

appl yi ng (P1004) sai d drive voltage to a mnetic circuit providi ng a second
i npedance ceérparaiblback &Mfafrant & dgve sigpeti - eatbrrer 38fd driver coil assenbly

hel d t t | ati P 1008
Ichk el ec'ta rorr;)'? i it aﬁ)ﬁ&ﬁ?hxggﬁtﬁl e'la)ff’é‘f% Tanbe expresse%dnatlﬁ 7 na&%d as)

set forth in claim13 wherein said step of applying drive voltage to
said driver coil assenbly incl ude?5 stc?Lp of W.brating a pair of flow
tubes in a Coriolis flow neter. R+ﬁﬁ; The nethod as set forth
in claim13 wherein said step of cal culating back el ectronotive force
proceeds according to an equation:

Lerr] |18 1k @iftbni 8n hitRetelih8ae4 V] KARERRRIGEY ver
Lerr] o nblwyn%ge 18 tHE ufrbnt &n MietOliha a4 V] sThe MpBIBP LIRS N Finikic
5 line 414; R js the sum of the resistance R,,, of mimetic coil 604 and the resistance,
_&5, of the current sensing resistor 420; j is the square-root of negative one; w is the
frequency of the alternating or pulsed voltage V, applied to drive fine 100 and is

also the relative or angular velocity of magnet 500 with respect to drive coil 504

(see FIG. 6); and L is the inductance L,,, of the mimetic coil 604 which, by design,

10 is equal to the inductance of the drive coil L.

It follows from the above equations that:

EMF +
v R+jwL

wherein V, is defined above in equation (3), and the remaining terms are defined
with reference to Equation (4). Equation (6) can be solved for EMF, which is the
desired variable measured by independent pickoff assemblies 105 and 105' for
o, 15 input to mass flow rate circuit 30 on lines 111 and 111" (see FIG. 2). The

conventional mass flow rate circuit 30 of meter electronics 20 (see FIG. 2) is
modified for purposes of the present invention to perform the calculation according
fo equation (6). Thus, EMF calculated according to Equation (6) is used as though
the EMF measurement had originated from pickoff 105 or 105' .

20 FIG. 7 depicts a second analog embodiment of the invention, namely, circuit _
schematic 700. Like numbering of circuit schematic 400 in FIG. 4 has been
retained where is it possible to do so with respect to the substantially identical
features of circuit schematic 700 in FIG. 7. Circuit schematic 700 is identical to

circuit schematic 400 except that mimetic coil 604 has a resistance R,,, that differs

25 from R,y as:
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mnmetic circuirt, EMF is the back electronotive force on the drive coil, R

Is the 5 resistance of the drive coil, j is the square root of
negative one, [err] is the frequency of the alternating or pulsed
voltage applied to the drive.coil |ine 190, anBubstifutelsheet - 18 Dee 20811 .

16. The nethod as set forth in claim13 wherein said step of applying
sal d drive vl q@édnd”@%a{&g Eorivetet 8(‘)2?%8%%&26%'dlgifwsiﬁﬂbﬂn&ﬁt'ﬁio?n

voltage to an anal©g mnetict circuit (402, ) The
met hod as sdigithbfiltar 806, Andi coni8rtstikee signakmial as tamalayf sigpdll aansipting of she d

crive vol (e g . OBdeoPtal 42 BoAER a3 e 3 ool 2u150° 0
the FIG. 4 embodiment. Thus, circuit schematic 800 comprises a mixture of digital
S and analog elements.

FIG. © depicts a fourth embodiment accord'ing to the present invention,
whiéh is the most preferred embodiment, namely, circuit schematic 900 comprising
an all digital embodiment that conserves more power than any of the embodiments
according to FIGS. 4, 7, or 8. The all digital circuit schematic 900 operates to the

10 same effect as circuit schematics 400, 700, 800, except that circuit schematic 800
saves even more power than these other circuit schematics. Like numbering of
circuit schematic 800 in FiG. 8 hgs been retained where is it possible to do so with
respect to identical features of circuit schematic 900 in FIG. 9.

In the FIG. 9 embodiment, line 802 carries voltage 'V, to analog to digital

15 converter 804, which provides digital output corresponding to V,. A digital filter 806
is used to model the same impedance as the mimetic coil 604 on mimetic line 414
of FIG. 4. The digital filter 806 uses the frequency of the input voltage V, to
calculate the complex impedance corresponding to mimetic coil 604 of FIG. 4, and
outputs a digital voltage V, having the correct amplitude and phase. A second

20 analog to digital converter 904 receives the analog voltage signal V, from drive line
100 doWnstream fromRgs 418, and converts this analog signal into a digital output.
A digital voltage comparator 906 is used to calculate V,, and provides V, as a digital
signal to meter electronics 20 on line 906.

FIG. 10 depicts a schematic procéés diagram P1000 for using driver 104 as

25 a combined driver and signal pickoff device. FIG. 10 will be described in the
context of reference numbers corresponding to FIG. 4, but the functional discussion
of FIG. 10 is equally applicable to any of the embodiments shown in FIGS. 4, 7, 8,
and 9.

In step P1002, meter electronics 20 apply an alternating or pulsed drive

30 voltage V, to line 416, which energizes drive line 100 and driver coil assembly 104.
According to step P1004, the same drive voltage Va is transmitted to mimetic circuit

402 on mimetic line 414.
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CLAIMS: .
1. An apparatus (400, 700, 800) for use as a combined oscillatory signal

pickoff device and vibrational driver, said apparatus comprising:

Substitute sheet - 18 Dec 2001

a driver coil assembly (104) including

a coit (504) capable of emanating field effects derived from oscillating
voltage leading to said coil, and

a magnet (500),

said driver coil assembly having a first impedance (R406, L408);

means (500, 103A; 504, 103B) for positioning said magnet in operable
relationship with respect to said coit wherein said magnet is driven in oscillation with
respect to said coil responsive to field effects emanating from said coil;

a mimetic circuit (402, 702, 804, 806, 808, 904, 906) providing a second
impedance (R410, L412; R704, L706, 806) comparable to said first impedance
when said magnet is stationary in fixed positional relationship with respect to said
coil; '

means (100, 416, 414, 802, 902) for applying a drive voltage signal to said
coil and said mimetic circuit to produce a corresponding coil voltage and a
corresponding mimetic circuit voltage; and

means (20) for calculating back electromotive force in said coil using
measurements obtained from aHeastene-ef said mimetic circuit and said drive coil

assembly.

2. The apparatus as set forth in claim 1 wherein said mimetic circuit is

an analog circuit (402, 702).

3. The apparatus as set forth in claim 2 wherein said analog circuit

includes a stationary coil (604) and a stationary magnet (600).

4, The apparatus as set forth in claim 3 wherein said stationary coil and
' said stationary magnet in combination provide said second impedance (R410,

L412) identical to said first impedance when said driver coil assembly is festrained .
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