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(54) Title: MEASURING AND OPERATING CIRCUIT FOR A CORIOLIS-TYPE MASS FLOWMETER
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(57) Abstract: According fo the invention, a digital processor (DSP) is provided in a measnring and operating circuit for a Cogialis-
I~ type mass flowmeter. From the vibration sensor signals, said digital processor evaluates only the differential signal (D) and the one
¢r; sensor signal (S1). The in-phase component (I} and the guadrature components (Q) are determined for the differential signal (D),
v=={ and the amplification of the second sensor signal (32) is conirolled in such a manner that the in-phase component (I) vanishes. The
€7} mass flow rate (m) is determined from the quadrature component (Q). ' ’ ’

{57) Zusammenfassung: Bei einer Mess-und Betriebsschaltung fiir einen Coriolis-MassedurchfluBmesser ist ein Digitalprozessor
(DSP) vorgesehen, der von den Schwingungssensorsignalen nur das Differenzsignal (D) und das eine Sensorsignal (1) auswertet.
Fiir das Differenzsignal (1) wird die In-Phase-Komponente () und die Quadratarkomponenten () bestimmt und die Verstirknng
B des zweiten Sensorsignals (S2) so geregelt, daB die In-Phase-Komponente (E) verschwindet. Aus der Quadraturkomponente (Q) wird
der MassedurchfluB (m) bestimmt.
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Abstract: According to the invention, a digital processor (DSP) is provided
in a neasuring and operating circuit for a Coriolis type mass fl owreter.
From the vibration sensor signals, said digital processor evaluates only
the differential signal (D) and the one sensor si gnal (Si). The in phase
conponent (1) and the quadrature conpone

differential signal (D), arwmezmml Ml onIII!iHIIIIIHIIIliII!IIIIIHIHiHIHIIlIIHIlIIﬂIiH!WHIIiIMIIIlIII[III

si gnal (82) Ts controlTed |n sucn a manner thatr—the T n-phase—ctonponent—1)
vani shes. Mass Q determ ned fromthe quadrature
conponent ( f;uﬁdﬁnird@m o J%%s\ﬂ}‘ij g and Operating Crcuit for a
Coriolis MiSgesdn mmm&ffaa'&m:ﬁngye&y@ma}epmmgml ates to a neasuring and operating
circuit fordCChepmpternisemass fl owreter. Coriolis nmass flowreters are widely
used to-determne the nmass 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 vibration exciter and two vibration sensors are nounted
on the flow tube. The flow tube and the fluid together farma vibratory
systemwhich is nornmally excited at its resonance frequency. The resonance
frequency depends, anong other things, on the material and di nensions of
the flow tube. It also varies wth the density of the flowng fluid. In
sone cases, the flowtube is excited not at the resonance frequency, but




at an adj acent frequency. The two vibration sensors sense the vibratory
notion of the flow tube at two | ocations spaced a given 2hft ng apart in
the direction of fluid flow, and convert this vibratory @gm Sbﬁo sensor
signals. Both sensor signals have the sane frequency as the vibratory
nmotion of the flow tube, but they arel out of phase. 7 March 2005 2 The
phase difference is a neasure of the nass flowrate. 1In a neasuring -
subcircuit, the sensor signals are evaluated and converted to a signa
proportional to the mass flowrate of the fluid. Aside fromthe mass fl ow
rate, further properties of the fluid, e.g. its density, can be '
determined. This is acconplished, for exanple, by evaluating the frequency
of the vibratory notion of the flow tube. U S. Patent 4,801,897 describes
an .excitation subcircuit which is constructed in the manner of an anal og

- phase- locked loop. In that circuit, the excitation frequency adjusts
itself automatically to the resonance frequency 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 exanple, or digital techniques, as

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 wvibration 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.



described in EP-A 702 212 or U S. Patent 5, 429, 002, for exanple. EP-A

698 783 discloses a neasuring circuit conprising an anal?aﬁ%qﬁﬁéég | oop
whi ch regul ates the two sensor signals at the sanme anpli e - A 866
319 discloses a further neasuring and operating circuit. In this circuit,
the two sensor signals are anplified Qefore being processed, with one 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. 7 March 2005 3 For the accuracy of the nmeasurenment it is
essential that after their anplification, the two sensor signals have the

sane anpl iggude, .The itude regul ator required for this purpose
evaluatesh%ﬁ%qgﬁﬁgénéygﬁﬁ¥%ﬁ%%cﬁgo? PRRSERD Ogeﬁgﬁrmgﬁﬁngﬁgw Fétethe actua
~ deterni natimor afedserirasssibeivrcaie, the 38856108i4Ratheadlf ference signal

the signal fromone of the two sensors is needed. Altogether, in this
circuit, ENFdLed anditmrented stenal signal fpreapadrahdnahehoptbeessed in

an arithiss o rdid SAUhY ! BI@LEOMms 8% rof' thE3RhsQ"R14LD CONVerter

IS necessary in the arithmetic uni
- rate, further properties of the fluid, e.g. its density,

can be determined. This is accomplished, for example, by
‘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. )



Enbodi ments of the invention provide an operating circuit for a Coriolis
mass flowreter in which fewer vibration signals have to piﬂfgégsg and
eval uated and which neverthel ess has sufficient accuracy Lol %sy and

i nexpensive to inplenent. In accordance with an aspect of the invention,
there is provided a neasuring and operating circuit for a Coriolis mass

fl owreter, conprising: a transducer assenbly including; at |east one flow
tube; at least a first and second vibration sensor, spaced a given

di stance apart in the direction of fluid flow along said at |east one flow

tube: and govi Phat Lag,exelt 8F FRUNLEd-Anoaahd at 1easksaneilhovhatube: 7

March 2005 4 said neasuring a operating circuit conprising: a first
anplifier fBdteanphieflyi myplhd ioattgon,sitdrealtwf seasar f$ignals biave on sensor;
a second applifier for.anmplifyi t he,output signal of said second

i bracion S88sgrfe, by SBapr KBS, alPLrthB serElareRo s ibrat EOR si gna
proporti onahitoptihposat puslsdighmaltiedf sad drld Stf feviehbrat b@NtBEENEREG;

di fference stage means_connected to said first
sens®r signals.

For the actual determination of the mass flow rate, in
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;



anplifier and said second anplifier for generating a difference signal
proportional to the difference of the anplified output si alﬁ g& sai d
first anplifier and said second anplifier; a second A/D 28P5¢ or
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
eval uate said vibration signal generated by said first A/D converter and
said difference signal fromsaid second A/ D converter. The invention wll
become nore apparent fromthe f ol | owi Ag description of an enbodi ment when

taken in co t i t nyin r mhlch Fig. 1is a
NSO 1 080 266QMRRINL N LA NGRy, !

schematic représentation o ducer? asse ¥i%1is mass
flowreter; Fig.f2rsts anplbﬁkeﬂlﬁgraﬂmpﬂlaymﬁgsMhen@wmmmﬁnkmgﬂalmbfC|rcuit
for a Cbrioll SS flq¥neter and 7 March 2005 S Fig. 3 is a block diagram
iIIustratFﬁﬁ‘fﬁg? of'¥RE/ met hod carried out in the neasuring

circuit of Fal%ec?ond:l&npﬂlﬁi@ﬂ\sféﬁhﬁﬂﬁlhﬁgfhh}é RH Bpsghaers agsently | f or

a Coriolis nass flowreter. Transducer assenbly i nst al Ied in a pipe
(not showspichrmaaans & Foa i@ WwereoT

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 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



mass flow rate is one of the quantities of interest. The connection with
the pipe is made by neans of two flanges 2, 3. Transducer‘&ssenbl lis a
single straight flowtube 4, which is fixed to flange 2 4t Wﬁ@zpﬂget end
via an end plate 13 and at the outlet end via an end plate 14. The use of
the nmeasuring and operating circuit accgrding to the invention is not
limted to this specific transducer assenbly 1 with a single straight flow
tube. The circuit can al so be enployed in conjunction with various
conventional transducer assenblies, e.g. with transducer assenblies having
a. flowtube with a Cantilever nass as described in EP 97 81 0559, for

exanpl e, W t ramsdyc ) | ies having a sjngle curved flow tube (EP 96
10 9242),\%% 'Wlét i raag’g8§?:‘e?q%§§§8’rrﬂﬁ1}i&sg‘rﬁ\ﬁﬂb§tmﬁb‘%%ﬂl%|S§FP§i ght or
curved floof thbemethod. cBatreRids oht’ 3% ik aith iy -O28-ulEspectively).
The fl angegs. 2, and the end plates are fixed to or Tn a support tube 15.
7 March 209596 To generate the flowtube vibration, a vibration exciter 16
is mounted on flow tube 4 m dway between the two end plates 13, 14.

Vibration exciter 16 may be, for instance, an electromagnetic driving
mechani sm&&#isi 3t shgwaf sghematically a transducer assembly 1 for a

‘Coriolis mass flowmeter. Transducer assembly 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.



per manent magnet 161 and a coil 162. Coil 162 is fixed to support tube 15,

and pernmanent rmagnet 161 to flow tube 4. Via the current _fl ow LN coi
162, the ~anplitude and frequency of the flexural vibratﬁdﬂa%$ggpém1tube

4, a vibration perfornmed in the plane of the paper, can be controlled.
Al'so in the plane of the paper, Cbriolhf 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 nmeans of two vibration sensors 17 and
18 which are nounted on support tube 15 symmetrically with respect to

vi bration exciter 16. Vibration sensors 17 and 18 may be, for instance,

el ectromagpetic transdycerg. simlar in construction to the pernmanent
nmagnet an %xﬁ?n%§§€ﬁb eofloVFBPQ?iHHb€%EFP§ﬁ 86 Vitima tthen pexarsnent

magnets 176 i8lmo@h€edi $80£i 8wl LAWal YDE n coils 172, 182 to
support tuhe 15. The notion ofwflomFtub%léwgguggéa%fbmﬁgﬁ%gwfﬁ‘Hgiinduced
in coils e 132 Ve Vdretsonigxcandri86, magspest ifcdl inskhase vol t ages
are pi ckegpfdy _Sen Lgnal s, X17 and X18, respectively. A
Coriolis rr_assFI fef%?/\r/rret e#z?@gggaa‘?% g%*gclgﬁgp?f{%sﬁf cRnsAsLAdg & Sssenbly and
an associ #ethanamsiumagnandl 6bpendt hngocircapt. Fig. 2 shows a , bl ock

di agr am of uring. and operating circuit associated with 7 March 2005
9 Yedii &Y s 9 209 88 SUPPOEt tube 150 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



7 transducer assenbly 1. The functions of this circuit include eval uati ng

the sensor signals and controlling the excitation of vibgibiona. The two
Sensor signals X17 and X18 are applied to a first anplifi argh 200%) a
second anplifier V2, respectively. At least the gain of anplifier V2 is
vari able. Amplifier VI is connected to first AID converter AW and, in
parallel therewith, to one input of a.difference stage DI. Anplifier V2 is
connected to a further input of difference stage D1. The out put of
difference stage DI is coupled to a second A/D converter AW. The two
outputs of A/D converters AW and AW provide the sensor signal S1 and the

di fferencegsi respectivel in digitized form Both outputs are
connect ed Fgég g?&lFaF58F§§ sér %§QI¥HQF o9ng oindihi¥s epixgubfd the first

A/ D converieclAidé efatuadibiq $heVidendldrons ity T econd
anplifier V2, ,%he,di fference stage D, andﬁjt he% ségg%nkb o%i(;ﬁr\l/érffég AW
forma sectRgiiAbiari 84 ¥ibgatiops-n SW2_ Accordingly, of the two signals

from the. viRéatiu8NseAERSO y e di gi Sensor .S | Si and the
digital differ _enc_:eS‘sai §§al Eti)gé‘%glsf é‘t&h't Sq‘é‘?&‘ﬁt al® 5t cﬁ?é’si"'og&%b dvettFho
vi brati on 3nRhdfiput HE sl andeBudd amplifier V2, respectively. At

least the gain of amplifier V2 is variable.

Aﬁplifier Vi is connected to a first A/D converter AWl
and, in parallel 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



respectively. Digital processor DSP provides at a first out put Al a signal

proportional to the mass flowrate m. A second output Azl\ﬁ)f dh§¢§ al
processor DSP, which provides a gain 7 March 2005 S Cont r 0l FE VSl is
connected to an input of a DDA Converter DW, whose output is coupled to
anplifier V2_ BY nmeans of the gain corgrol signal VS, the gain of the
second anplifier V2 is adjusted. A third output A3 provides a signhal which
controls the excitation current lerr for exciting vibrations of the flow:
tube. Fig. 3 shows schematically the individual steps to determ ne the

mass flowrate m Step a).: Determining the anplitude AVSl of sensor signal
sensor signal Sl., the latter

Sl'R)detQ#nige ihe.anghi&gde_of the digital .

is multipl TRY-HYa“8¥8Adards stieCRBREctedyta aoE igpgta off andui

cosi ne- - wayeneegtoalr 61, aRHokRecusphgpal i Red -ar ilstar i th

| owpass'filters TP1 and ng, lrnelsgg?t iﬁ%’e?&@%&g Itgwaﬁn?%s}tﬁef?ﬁs' provi de
anmpl i t ude R¥IMR_NE ahdthewarén sprtrb) shgnshaVés Ghet airsendathesi gnal S1

accordi ng d@~dhe éﬂﬁﬁig%ggavg $59 ghgﬁggpfand CE. Extracting the root of51

the sum of squares a gives 't ude AMS1l of the sensor signal
A third output A3 provides a signal which controls the

excitation current I.., for exciting vibrations of the
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



nmeasured in a coordinate systemwhich is spread by the two standard

signals SE and CE. Step b): Determ ning the in--phase conPiEent b %nd t he
guadrature conponents Q of the difference signal Dwth RE0Y the
sensor signal S1 as a reference signal 7 March 2005 9 The dlfference si gnal
Dis nultiplied by the sensor signal S1 and then filtered in a | ow pass
filter TP4 to obtain the in-phase conﬁbnent | of the difference signal D
In addition, the difference signal Dis nmultiplied by the sensor signal SI
after the latter has been shifted in phase by 900, and the signal obtained
Is filtered in a |OMFpaSS filter TP3 to obtain the quadrature conponent Q
of the difference_ signal D. p_c): Controlling the gain of the second
anpl i fier TReEiffarerae ﬁﬁgbﬁés@ ¢snpuhbapliedf byhéhei ffegrsmce signal D

di sappear sgillygsi NsP 0 f ferenc nal fed to.a
controller # whi ch %§§v€§§§ ggﬂgsﬁegonbrolgbg BﬁgF %éaﬁﬁFhWﬁ%(ﬁPthe gain
of anpl|f|thamn|Eh301ntphaselteﬂpbhanttmeofoﬁnendmffbnﬁnﬁﬁnyxyﬁalV%en t he

i n- phase Gemponent | of the difference signal D disappears, the two signal
anplitudes at the outputs of the two anplifiers VI and V2 are nearly

equal . TheIn addition, the difference signal D is multiplied by the
sensor signal S1 after the latter has been shifted in
phase by 90°, and the signal obtained is filtered in a
low-pass filter TP3 to obtain the quadrature component QV
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
51gnal V8 with which the gain of amplifier 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)



di fference between the signal anplitudes decreases with decreasing phase

di fference between the sensor signals X17 and X18, Step ?)“@ %é@%ati ng
the mass flow rate via the remaining quadrature conmponen r ing to

the formula m- @ (AVMs 1 *f ) 7 March 2005 10 Fromthe val ues of the

guadrature conponent Q and the' anpl itl de so determ ned, the mass flow -
rate la is determned according to the formula m”~ Q@ (AVS1*f) . The
frequency f i's provided by a generator G In generator G the two standard
signals SE and CE are generated digitally. The standard cosi ne-wave signal
CEis multiplied by.a variable. anplitude AMP to obtain the signal U The

si gnal Uelr‘lbr',]Ei s used to control_a driver circuit TR which delivers the
excitatio rERE YRrUGPoPht FBR eRédrature ceppepente @ maditheit ory system

exactly atangbBi EREQNIHCEe tEFATHEATY tndi Alabkadl MLRCESIY S determines the
phase difference d between the excitation signal UErx and t he response

function dletpEnined carcenéinantor thegfierm8la The frequency f of the
st andard stﬁgpaéjstﬁﬁg‘% i S EE? controll ed that the phase difference d
becones zero. n t-'caser® (tHETIRREY nh +BrRECTEIPH BHade with the
" generator G.
In generator G, the two standard signals SE and CE are
generated digitally.
‘'The standard 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.



vibration velocity of flow tube 4. 7 March 2005 11 Cainms 1. A Measuring

and operating circuit for a Coriolis nmass flowneter, conpr,ising,
transducer assenbly including: at |east one flow tube; gﬁwvggggoggfirst
and second vibration sensor, spaced a giyen distance apart in the
direction of fluid flow along said at | ease one flow tube; and a vibration
exciter nounted on said at |east one flow tube; said neasuring and
operating circuit conprising: a first anplifier for anplifying the out put
signal of said first vibration sensor; aCGlawmsd anplifier for anplifying
t he out put 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; diff@ RRegufihgandBpRigtirgPeaRRe B alComdisd first
amplifier and said second, anplifier for generating a difference signal
proportional to "ags fewmeterneempfisinghe anplified output signals of said

first anmplifier ?n%'cgrggg%gﬁﬁgﬂu'gmger; a second AI'D converter for
receiving said difference S|gna|; an ‘digital processor for receiving the
out put of first atldastonedlometubend said second AID converter to thereby

cai d di £ or ence SIHA TP LAL 3P EPTECHBIRION 5NShrARACEHS Oen HRAANGRIBRFIY
and operating CihéHirbctith S6uid 0w dlofig $hid dt IeXEE bRE FoAube; and
a vibration exciter 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;



digital processor: determ nes the anplitude of the anplified output signal
of said first vibration sensor; determ ned an in-phase C?W%}Qﬁ% %nd
guadrature conponents of said difference signal with respect t0 ? e
anplified output signal of said first ykbration sensor as a reference
signal; 7 March 2005 12 controls the gain of said second anplifier such
that said i n-phase conponent disappears; and calculates the mass flow rate
via the renmi ni ng quadrature conponent according to the formula

m Q (AVB1*} wheroentriolsthprgaireof said lsecond anfplifier sattethaDsaigbingsteagescdrhponent

guadr ature conpopents; AMSL represents the anplitude of the anplified
out put si gnal ﬁs%eérﬁ'iqrét vi bration sensor; and f represents frequency.

calculates the mass flow rate via the remaining quadrature component
according to the formula
m ~ Q / (AMS1*)

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.



