Title: MEASURI NG AND OPERATI NG CIRCUI T FOR A CORI OLI S-TYPE MASS FLOWETER
[err] Abstract: According to the invention, a digi%%%agégg ssor
(DSP) is provided in a neasuring and operating circuit fo r is type
mass flowneter. Fromthe vibration sensor signals, said digital processor
evaluates only the differential signal! (D) and the one sensor signal
(Si). The in-phase conmponent (1) and the quadrature conponents (Q are’
determ ned for the differential signal (D), '

Measuring and Operating Circuit for a

Coriolis Mass Flownmeter

This invention relates to a measuring and operating

circuit for a Coriolis mass flowmeter.

Coriolis mass flowneters are widely used to determine the
mass flow rate of é fluid in a section of pipe. The fluid
passes through at least one vibrating flow tube. In most
Coriolis mass flowmeters, a vibration exciter and two
vibration sensors aie mounted on the flow tube. The flow
tube and the fluid together form a vibratory system which
is normally excited at lts resonance frequency. The
resonance frequency depends, ;mong other things, on the
material and dimensions of the flow tube. It also varies
with the density of the'flowing fluid. In some cases, the
flow tube is excited not at the resonance frequency, but
at an adjacent fregquency.

The two vibration sensors sense the vibrateory motion of
the flow tube at two locations spaced a given distance
‘apart in the direction of fluid flow, and convert this
vibratory motion into sensor signals. Both sensor signals
have the same frequency as the vibratory motion of the

flow tube, but they are out of phase.



and the amplification of the second sensor signal (S2) is controlled in
such a manner that the in-phase conponent (1) vani shes. T?ﬁﬁynaﬁ@g%lom/rate
(m is determned fromthe quadrature conponent (Q. 7 & 51
Measuring and Operating Circuit for a Coriolis Mass Flowreter This

i nvention relates to a nmeasuring and ogerating circuit for a Coriolis nass
flowreter. Coriolis mass floweters are widely used to determ ne the nass
flowrate of a fluid in a section of pipe. The fluid passes through at

| east one vibrating flow tube. In nost Coriolis mass flowreters, a

vi bration exciter and two vibration sensors are nounted on the flow tube.

The fl ow t luid together farma yipratory systemwhich is
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tube. It alsq varies wth the density of the flowng fluid. In some cases,
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‘evaluating the frequency of the vibratory motion of the
flow tube. | |

U.5. Patent 4,801,897 describes an excitation subcircuit
which is constructed in the manner of an analog phase—
locked loop. In that circuit, the excitation frequency
adjusts itself automatically to the resonance frequéncy
of the vibratory system even during variations in fluid
density. | _

The prior—-art measuring circuits use either analog
techniques, as described in EP-A 698 783 or U.S. Patent
4,895,030, for example, or digital techniques, as
described in EP-A 702 212 or U.S. Patent 5,429,002, for

example.

EP-A 698 783 discloses a measuring circuit comprising an
analeg control loop which regulates the two sensor

signals at the same amplitude. .

EP-A 866 319 discloses a further measuring and operating

circuit. In this circuit, the two sensor signals are
 amplified before being processed, with cone of the

amplifiers having a variable gain,

In a digital processor, the sum and difference of the two

sensor signals as well as one of the sensors signals are.

%
evaluated. )



2 The phase difference is a neasure of the mass flowrate. In a neasuring
subcircuit, the sensor signals are evaluated and convert 3%#p 20§%gnal
proportional to the mass flowrate of the fluid. Aside f ?% ss flow
rate, further properties of the fluid, e.g. its density, can be

determ ned. This is acconplished, for exanple, by evaluating the frequency
of the vibratory notion of the flowtube. U S Patent 4,801, 897 describes
an excitation subcircuit which is constructed in the manner of an anal og
phase- |ocked loop. In that circuit, the excitation frequency adjusts

ool f, aut ogpti6al Lichoakheotesaaansastiequalcy: ob LIS HLLR! grycsyst em

even during varitations In i ensi t rior--art measuring circuits
use eit her adhalrogheitreehpildfdsatdaondeddrd bad iserE»A S0 FBS loave). S. Pat ent

4, 895, 030, r_exanmple, .or .digital techniques, as_,described i.n_EP-A 702
215 of U, S-RapaiE BrBys8hagoIThe phBT ke Peppiar 885 T o Sirdc Foges 4
measuri ng thisuptirposprésingaicss t@alagn cont Kalf fleeepcehbEhtheguat es the
two sensor signals at_the sanme anplitude., EP-A 866 319 discloses a
further neﬁ?ﬂ?gﬁgséﬂﬂa6ﬁerating circuit. In this circuit, the two sensor
signals are anplified before being processed, with one of the anplifiers
having a variable gain. In a digital processor, the sumand difference of
the two sE&asothsi grugladererniastdren off tie swmorSled gralts, ale.

evaluated'addition to the difference signal, the signal from one of

the two sensors is needed.

Altogether, in this circuit, three analog vibration
signals are formed and then processed in an arithmetic
unit. For each vibration signal, at least one A/D

converter is necessary in the arithmetic unit.

Embodiments of the invention provide an operating circuit
for a Coriolis mass flowmeter in which fewer vibration
signals have to be formed and evaluated and which
nevertheless has sufficient accuracy and is easy and

inexpensive to implement.

In accordance with an as?ect of the invention, there
is provided a measuring and operating circuit for a
Coriolis mass flowmeter,.comprising:

a transducer assembly including;

at least one flow tube;

at least a first and second vibration sensor, spaced a
given distance apart in the direction of fluid flow along
said at least one flow tube; and

a vibration exciter mounted on said at least one flow

tube;



7 March 2005 3 For the accuracy of the neasurenent it is essential that
after their anplification, the two sensor signals have t? sa litude.
The anplitude regulator required for this purpose eval ua zngﬁgoggﬁ1and
difference of the two sensor signals. For the actual determ nation of the
mass flow rate, in addition to the difference signal, the signal fromone
of the two sensors is needed. Altogether, in this circuit, three anal og
vibration signals are forned and then processed in an arithmetic unit.
For each vibration signal, at |east onéd A/D converter is necessary in the

arithmetic unift. i S_0 he_Lpvention pr.ovide an aqperating circuit
for a CbriolP%£ﬁ%§%§%%%§§€%e?géngﬁﬁF%Elg m&grﬁﬁﬁgafPoﬁr%ﬁﬁﬁ%ﬂs have to be

formed and ewalfiiatsid amdl ibieh foevamphelfgsaghahesuiftiptitenti aeuracy and is
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i nvention® rﬁ%;?ﬂ?ﬁﬁ%&éPa?%%%%ﬁfing and operating circuit for a

Coriolis massafééwmeémﬁ)mfrpéisfagiaﬁpﬁ,&ﬁgiﬁlgyC%hea%%% Rlty dinplddidyg;  at
| east one flow tube; at least a first and Second vibration sensor, spaced a
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signal proportional to the output signal of said first
vibration sensor;

difference stage means connected to said first
amplifier and said second amplifier for generating a
difference signal proportional to the difference of the
amplified output signals of said first amplifier and said
second amplifier;

a second A/D converter for receiving said difference
signal; and

a digital proceésor for receiving the output of first
A/D converter and said second A/D converter to thereby
evaluate said vibration signal generated by said first
A/D converter and said difference signal from said second

A/D converter.

The invention will become more apparent from the
following description of an embodiment when taken in

conjunction with the accompanying drawingé, in which:

Fig. 1 is a schematic representation of a transducer

assembly of a Coriolis mass flowmeter:

Fig. 2 is a block diagram of a measuring and operating

circuit for a Coriolis mass flowmeter; and



4 said neasuring and operating circuit conprising: a first anplifier for
anplifying the output signal of said first vibration sengq@; 8 second
anplifier for anplifying the output signal of said second N#iP£PPan
sensor; a first A/D converter for generating a vibration signal
proportional to the output signal of said first vibration sensor;

di fference stage neans connected to said first anplifier and said second
anplifier for generating a differénce signal proportional to the
difference of the anplified output signals of said first anplifier and
said second anplifier; a second A/D converter for receiving said

di fferenceg; gi gpal .. an | gi;t.al pracessqr for receiving the output of
first A DFéghvgr%‘e‘;rga%é%g% %lé.‘gécgﬁ"d 4 315‘53&%\}&1}%1%1‘( 2bystepsl vat e
sai d vi br abFobhei geahodereratied bytsaind thid sdeasﬂﬁr%rwfé@it agg said
di fference_signal fromsaid second A/ D converter. e invention wll

becone nnr%lgpp rent fromthe follow ng description of an enbodi nent when
taken in conjunction with the acconpanying drawings, in which: Fig. 1is a
schematic representation of a transducer assenbly of a Coriolis nass

f1 ownet er ;F9g. 12shewa prbehatiicgldy af taramesahitre g nehlDEr Bt £88 aCircuit

for a CO”é%ffoff§sm££8mgfgﬁ£étggq %rggg%gc%gpgégembly 1 is
installed in a pipe {(not shown) carrying a fluid F whose.
mags flow rate is one of the quantities of interest. The

connection with the pipe is made by means of two flanges
2’ 30

Transducer assembly 1 is a single straight flow tube 4,
which is fixed to flange 2 at the inlet end via an end

plate 13 and at the outlet end via an end plate 14.

The use of the measuring and operating circuit according
to the invention is not limited to this specific
transducer assembly 1 with a single straight flow tube.
The circuit can also be employed in conjunction with
various conventional transducer assemblies, e.qg. with
transducer assemblies having a flow tube.with a

- cantilever mass as described in EP 97 81 0559, for
example, with transducer assemblies having a single
curved flow tube (EP 96 10 9242), and with transducer
assemblies having two parallel straight or curved flow
tubes (U.S. Patents 4,793,191 and 4,127,028, |

respectively).

The flanges 2, 3 and the end plates are fixed to or in a

support tube 15.



Fig. 3 is a block diagramillustrating individual steps of the nethod

carried out in the neasuring circuit of Fig. 2. Fig. 1 s tlcaIIy
a transducer assenbly | for a Coriolis mass flowreter. ?jﬁgﬁﬁégﬁ assenbly

l1is installed in a pipe (not shown) carrying a fluid F whose. nass flow
rate is one of the quantities of |ntere§t The connection with the pipe is
made by neans of two flanges 2, 3. Transducer assenbly 1 is a single
straight flow tube 4, which is fixed to flange 2 at the inlet end via an
end plate 13 and at the outlet end via an end plate 14. The use of the
neasuring and operating circuit according to the inventionis not limted
to this spgcific duc assenbly 1 with a single straight flow tube.
The circui O(ﬁﬁP%ﬁ% b h@n%ﬁﬁyeanpﬁ EéﬁFGﬁéPn@n&MWﬂbraRmonn3x¢xtwnnt|ona

t ransduceri @sseibuesed Cofl- h aps a | j haV| n fl ow t ube
S ke i HRRy BRSBTS ) g o W 1

wth a Ca t|Iever nass as _described in
t ransducer® avVhbrat@hgéeccmevediﬁf lnaw behe f(oEPJQﬁstJa(h£42) and

with tranggy @é&&ﬂ%k rall el straight curved flow
tubes (U.S. Patents égiﬁlgé%g glﬁﬁgﬁﬁﬁésmrE?Bééﬁ%&Qﬁ&f’ £ fhe flanges 2,
3 and therendwpkauesmammetlkeﬂ &ndoa teoia 1support tube 15. 7 March 2005 6

To genera th oW t g gratlon a vibration exciter 16 is nounted on
flow1tube %&%ﬁ FYPPeRE tube 15, and permanent .

magnet 161 to flow tube 4,

Via the current flowing in coil 162, the amplitude and
frequency of the flexural vibration of fiow tube 4, a
vibration performed in the plane of the'paper, can he
controlled.

Also ip the plane of the paper, Coriolis forces occur, as
a result of which not all the points along flow tube 4
vibrate in phase. The vibratory motion of flow tube 4 is
sensed by means of two vibration sensors 17 and 18 which
are mounted on support tube 15 symmetrically with respect
- to vibration exciter 16, Vibration sensors 17 and 18 may
be, for instance, electromagnetic transducers similar in
construction to the permanent magnet and coil assembly of
vibration exciter 16. The two permanent magnets 171, 181
are fixed to flow tube 4, and the two coils 172, 182 to
gupport tube 15. The motion of flow tube 4 causes |
VO;tages to be induced in coils 172 and 182 via magnets
171 and 181, respectively. These voltages are picked off

- a8 analog sensor signals X17 and X18, respectively.

A Coriolis mass flowmeter, as a rule, consists of a
transducer assembly and an associated measuring and
operating circuit. Fig. 2 shows a block diagram of a

measuring and operating circuit associated with



plates 13, 14. Vibration exciter 16 nmay be, for instance, an

el ectromagnetic driving nmechani smconsisting of a pernanga? na%n t 161 and
a coil 162. Coil 162 is fixed to support tube 15, and per A 20 ghet 161
to flow tube 4. Via the current flowing in coil 162, the ~anplitude and
frequency of the flexural vibration of £low tube 4, a vibration perforned
i n the plane of the paper, can be controlled. Also in the plane of the
paper, Coriolis forces occur, as a result of which not all the points
along flow tube 4 vibrate in phase. The vibratory notion of flow tube 4 is
sensed by neans of two vibration sensors 17 and 18 which are nounted on

support tu rically with respect to vibratjon exciter 16.
Vi bration Egﬁég@é%?eéﬁgeg@%y- %@,e fanctiqnmf Ereeiebreghbtic
transducertnelaﬁéaévhmuatQmanﬂﬁgigyﬁgd%tgyﬁdyygnyﬁancégﬁgﬁglggq Eﬁ%l

1, 1 are

assenbly of varation exciter 16. The two pernmanent magnets
fixed to fFOGRAEALEOR, CanFibratd@®scoils 172, 182 to support tube 15. The

Ve magnets e 11 ans g8 SEonats KA Sl s ATl e ik SFT o
anal og serd®plifinnl ¥1xandand sktdndr empddtfiival W2 A redpati SvaBgs K4 ownret er
and oper At eec o8 pifterl ABBLETera VLS bediatiim of & measuri ng and
oper ati ng Zmplifienasgbciat ednnethed War ah rf20Q% A/ 2saNGY ASSPNDIY 1. The
functions of .this circyjt

and, in parafiel therewith, to one input of a difference

stage D1,

Amplifier V2 is connected to a further input of

difference stage D1. The ocutput of difference stage Dl is

coupled to a second A/D converter AW2.

The two outputs of A/D converters AWl and AW? provide the

sensor signal S1 and the difference signal D,

regpectively, in digitized form. Both outputs are

connected to a digital processor DSP.

The first amplifier V1l and the first A/D converter AW]

form a first vibration signal path SwWl.

The second amplifier V2, the difference stage D1, and the

second A/D converter AWZ form a second vibration signal

path SW2.

Accordingly, of the two signals from the vibration
Sensors, only the digital sensor signal S1 and the
digital difference signal D are fed to digital processdr
DSP over two vibration signal paths SWl and SW2,

respectively,

- Digital processor DSP provides at a first output Al a
signal_propcrtional to the mass flow rate m. A second

output A2 of digital processor DSP, which provides a gain



I ncl ude eval uating the sensor signals and controlling the excitation of
vi brations. The two Sensor signals X17 and X18 are applieg 0 a26®£8t
anplifier VI and a second anplifier V2, respectively. At ‘I &4 gai n of
anplifier V2 is variable. Amplifier VI is connected to a first AID
converter AW and, in parallel therewigh, to one input of a.difference
stage DI. Anplifier V2 is connected to a further input of difference stage
D1. The output of difference stage DI is coupled to a second A/ D converter
AW2. The two outputs of A/D converters AW and AW provide the sensor
signal S1 and the difference signal D, respectively, in digitized form

Bot h outpqés €rel conneﬁtgg to a digital processor DSP. The first anplifier
Vi and t he"TrFE?- AP DRBAVErY et SARPPIRGLRCL to 28t ippwtaiforn d¥/ghal path SWL.

The secondcampei-teer pW2, whesdi blieparce sStags1 Py +an i3 A'D
converter AW2 form a seéond yibratPon ngnalg patﬁ%s%f§h§€€6§§3ﬂ%1y, of the
two si gnalBY rPeansnefvibragprdn cobhtoissignky Ve dhgi galirserdathesi gnal Si

and the dighdRl S i@f?ﬁge¥g$ggﬁédgv§Egdfed to digital processor DSP over

two vibration si-gnal pa respectively. Digital proceéessor
DSP provi destlaird éutpatobBpprotidas ai ghighalr apechi ebaltdoa & iedmass flow

rate m. - cond. out put f di_gital rocessor DSP, which provides a
gain 7 Nhé%%?ﬁﬁhﬁ?gg cREreh 9mx fgr exciting vibrations of g%e
' flow tube.

Fig. 3 shows schematically the individual steps to

determine the mass flow rate m.

Step a): Determining the amplitude AMS1 of sensor signal
51

To determine the amplitude of the digital sensor signal
51, the latter is multiplied by a standard sine—wave
signal SE and a standard cosine-wave signal CE, and the
signals obtained are filtered with low-pass filters TP1
and TP2, respectively. The low-pass filters provide
amplitude values a and b which specify the shares of the
sensor signal S1 according to the two standard signals SE
~and CE. Extracting the root of the sum of squares aZt+b?®
gives the amplitude AMS1 of the sensor signal S1, .
measured in a coordinate system which is spread by the

two standard signals SE and CE.

Step b): Determining-the'in*phase component I and the
quadrature components Q of the difference signal D with

respect to the sensor signal S1 as a reference signal



Control signal VS1 is connected to an input of a DDA Converter DW, whose
output is coupled to anplifier V2_ BY neans of the gain 9§@érol éégnal VS,
the gain of the second amplifier V2 is adjusted. A third’dN@BE0e0

provi des a signal which controls the excitation current lerr for exciting
vibrations of the flow tube. Fig. 3 shows schematically the individual
steps to determ ne the nass flow ratem Step a).: Determning the
anplitude AMS1 of sensor signal Sl To determne the anplitude of the
digital sensor signal Sl1., the latter is nultiplied by a standard
sine-wave signal SE and a standard cosine--wave signal CE, and the
signals obtained are filtered with lowpass'filters TP1 and TPZ2,
respectivel 88 FhEfesoppasaignpl ePsiprwultiaplingl byutbevsarsmm and b whi ch

speci fy the; shat es; ofngh EPSPL o SLGN 1,according.to th st andar d
signals SE_and CE. é&trgg?ﬁng§?kg§%go?£o§ }ﬁ. Eﬁﬁ?o%léﬁﬁ%}§§5§§¥bz gi ves
the anpl i tekikaimBihefittphssascompogeat Slof thasdi€dereri aalgidnat e
system whi,ch is spread by the two standard signals SE and CE. Step b):

Determ ni Nng" t he i n--phase conponent | and the quadrature conponents Q of

the differhnosiditgien, e tdi rrese86E L0ghBe BERSORLILIPAls A
ref erence sug?al 7, March 2005 9 The diffgrence signglt%gﬁgfﬁﬁFﬁfgﬁr%d by
t he sensorfSEiYnafr Bl t#Eher | ther batfarahpsvbpansshiifited ™ to obtain

the in-phasthsoBPeet, lad {48 S EALTCH6€aFh88% s £iltered in &
- low-pass filter TP3 to obtain the quadrature corponent Q
of the difference signal D.

Step c¢): Controlling the gain of the second amplifier
such that the in-phase component I of the difference
- &ignal D disappears

The in-phase component I of the difference signal D is
fed to a controller R which provides a gain control
signal VS with which the gain of ampiifier V2 is so
controlled that the component I disappears. |

When the in-phase component I of the difference'signai D
disappears, the two gignal amplitudes at the outputs of
the two amplifiers V1 and V2 are nearly equal. The
difference between the gsignal ampiitudes decreases with
decreasing phase difference between the Sensor signals
“X17 and X18. '

Step d): Calculating the mass flow rate via the remaining
quadrature component Q according to the formula

m ~ Q/f (AMS1#¥f)



D. In addition, the difference signal Dis nultiplied by the sensor

signal SI after the latter has been shifted in phase by , a he
signal obtained is filtered in a lowpass filter TP3 to 28@5?%5&#%
guadrature conponent Q of the difference signal D. Step c): Controlling
the gain of the second anplifier such,that the in-phase conponent | of the
difference signal D disappears The in-phase conponent | of the difference
signal Dis fed to.a controller ft which provides a gain control signal
VS with which the gain of anplifier V2 is so controlled that the conponent
| di sappears. Wien the in-phase conponent | of the difference signal D

di sappears, _the, two s% nal anEIitudes at the outputs of the two anplifiers
VI and V2 EFROERS VR ‘g‘aéu ofThBegmupdratig e somponaitte &ianthl theml i t udes

decreases gl tdlge’ £ashadcPRdA8adl ther RS’ RELWLSR LG Sapsor signals  X17

and X18, Step d); Calculating the mass flow rate via the remaining
quadr at ur FlRbpPRired TTaerdinongot thehdoromdal a m- Q (AVMS 1 *f ) 7 March

2005 10 Fromt of .t he_quadr at ure component and the' anplitude
SO deternfﬁedfﬂfﬁﬁﬂ#§§§‘H?RFrE#%SW%P?% Edb?é?ﬁ?ﬁéﬂegzPJréing to the
formul a mgekdrdtddlif) . The frequency f is provided by a generator G In

generator G the two standard signals SE and CE are
: In generator G, the two standard signals SE and CE are

generated digitally.

The standérd cosine-wave signal CE is multiplied by a
Variable‘amplitude AMP to obtain the signal U.... The
signal U.r is used to control a driver circuit TR which

delivers the exéitation current for vibration exciter 16.

To excite the vibratory system exactly at its resonance
frequency, digital processor DSP determines the phase
difference d¢ between the excitation signal U... and the
response function of the system, the sensor signﬁl S1.
The frequency f of the standard signals SE and CE is 50

-controlled that the phase difference dd becomes zero. In
that case, the exciting force is in phase with the

vibration velocity of flow tube 4.



generated digitally. The standard cosine-wave signal CE is nmultiplied by.a
vari able. anplitude AVP to obtain the signal U The si gngl Ue{’lr pg used to
control a driver circuit TR which delivers the excitatiof YFPERPOf or :
vibration exciter 16_ To excite the vibrgtory systemexactly at its
resonance frequency, digital processor DSP determ nes the phase
difference d between the excitation signal UErx and the response function
of the system the sensor signal Sl1. The frequency f of the standard
signals SE and CE is so controlled that Claim$iase difference d becomes
zero. In that case, the exciting force is in phase with the vibration
vel ocity of flow tube 4. 7 March 2005 11 Cains 1. A Measuring and
operating circuit for a Coriolis ARRashfiedeRbperatiyosirdiitor adfcigsducer
assenbly including: _at |east one flow tubée; at |east a first and second
vi bration sensormaspleweelergco@prigingt ance apart in the direction of fluid

fl ow al ong said ...and a vibration exciter nounted on
FhahSie; e AR

said at |east one flowtu Qr | ng and operating circuit
conprising: a fiatdsashiopkiffometubepr anplifying the output signal of said
first vibration nsor;. a second lifier for anplifying the output .
signal of said a\ﬂrﬁﬁ'%ﬁqe%‘?PorLcé\r’i’(EEﬁtP"aS%SP§ntSPﬂlc§d@oﬂﬂi@'ﬂ distaneg apart in

generating a vi Wietiiretiol Sftid BoRRAbhY S8 af1BabdBne AhbeSaRgal Of said

first vibration sensor; difference stage neans connec 0 'said first
anplifier and saivbradioneaciter mounted on said at ieast one flow tube;

said measuring and operating circuit comprising:

a first amplifier for amplifying the output signal of said first vibration sensor;
a second amplifier for amplifying the output signal of said second vibration
sensor; .

a first A/D converter for generating a vibration signal proportional to the
output signal of said first vibration sensor:

difference stage means connected to said first amplifier and said second
amplifier for generating a difference signal proportional to the difference of
the amplified output signals of said first amplifier and said second amplifier;
a second A/D converter for receiving said difference signal; and

a digital processor for receiving the output of first A/D converter and said
second A/D converter to thereby evaluate said vibration signal generated by
said first A/D converter and said difference signal from said second A/D

converter.

2. The measuring and opérating circuit as defined in claim 1, wherein said
digital processor:

determines the amplitude of the amplified output signal of said first vibration
Sensor;

determined an in-phase component and quadrature components of said
difference signal with respect to the amplified output signai of said first -
vibration sensor as a reference signal;



anplifier for generating a difference signal proportional to the difference
of the anplified output signals of said first anplifier ?%éﬁbgogecond
anplifier; a second AID converter for receiving said difference signal;
and a digital processor for receiving the output of first A D converter and
said second AID converter to thereby evaluate said vibration signal
generated by said first AID converter and said difference signal fromsaid
second AID converter. 2. The neasuring and operating circuit as defined in
claim 1, wher ei rcontiols thaiggin of sgid seesadramplifice suth tat shig inmghageuctmpobnérite
anplified output,.signal of said first vibration sensor; determ ned an
i n- phase comonglﬁap%ﬁ r§:| rature conponents of said difference. signal
with respect to id WPidite SiOiR! nSal i i ! sensor
as a reference g?l&ﬁnéq%?@%ﬁéwg@gﬁﬂgo% ?Lgi contrsgfasﬁlagguégfaﬁ&ﬁ &%@f’gﬁiﬁond
anmplifier such w@eaerding t the-fomadla conponent  di sappears; and cal cul ates the
mass flow rate via the remaining gt;g&{@gd; conponent according to the
fornula m Q (AMB1*} where: m r®b¥ mass flow rate; Q represents
t he quadrature conponents; AMSL represents the anplitude of the anplified
out put signal of said first vibration sensor; and f represents frequency.

- where; m represents the mass flow rate;

Q represents the quadrature components;

AMS1 represents the amplitude of the amplified output signal
of said first vibration sensor; and '

f represents frequency.





