SI GNAL PROCESSI NG METHOD, SI GNAL PROCESSI NG DEVI CE, AND CORI OLI S FLOW METER
[ Techni cal Field] [0001] The present invention relates to a Coriolis
flowmeter for detecting a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on a flow tube to obtain a nmass
flowrate and/or density of a fluid to be neasured. [Background Art] [0002]
In order to neasure a density of an unknown fluid, it has been known to use
a Coriolis flowreter. The Coriolis floweter is used to nmeasure a
mass flow rate based on the fact that a Coriolis force acting on a flow
tube (hereinafter, flow tube to be vibrated is referred to as flow tube) is
pr opor t3I6AEL FRAAES SHSSs METHRD, afé GNALaPRASES GRNEeDEVECE | R (IR T ISugh
which a fluid to be neasured flows is supported at both ends and vibration
is applied about a support point FhOH HWEILBBti on perpendicular to a flow
direction of the flow tube. In contrast to this, a vibration type
densi t y[Testleridasl UsSiedldlo neasure a density of a fluid to be neasured based
on the fact that a resonance frequency of a flow tube (hereinafter, flow
tube to be villmoatldd is referred to as flow tube) through which a fluid

fl ows changes depending on a change in density.

The present invention relates to a Coriolis flowmeter for
detecting a phase difference and/or a vibration £frequency
proportional to a Coriolis force acting on a flow tube to obtain
a mass flow rate and/or density of a fluid to be measured.
[Background Art]

[0002]

In order to measure a density of an unknown fluid, it has been
known to use a Coriolis flowmeter.

The Coriolis flowmeter is used to measure a mass flow rate
based on the fact that a Coriolis force acting on a flow tube
(hereinafter, flow tube to be vibrated is referred to as flow tube)
is proportional to the mass flow rate in a case where the flow tube
through which a fluid to be measured flows is supported at both
ends and vibration is applied about a support point in a direction
perpendicular to a flow direction of the flow tube.

In contrast to this, a vibration type density meter is used
to measure a density of a fluid to be measured based on the fact
that a resonance frequency of a flow tube (hereinafter, flow tube

to be vibrated is referred to as flow tube) through which a fluid

flows changes depending on a change in density.



Such a vibration type density neter has a principal structure conmon to the
Coriolis floweter. Therefore, conventionally, a structure including the
Coriolis flowreter for neasuring the mass flowrate of the fluid to be
measur ed has been used to simultaneously neasure the nass flow rate and the
density. Thus, when the cycle or frequency at which the flow tube is
resonance-vi brated is neasured, the density of the fluid nay be neasured. A
shape of the flow tube is broadly divided into a straight-tube type and a
curved-t ube BY¥pB.2 [VBBE3IL1ion type \Wearsittheme ey ks aber tiyperd ) swrghe ries
used, the flow tube through which the fluid to be nmeasured flows is

suppor cegman ot khendorandia déntraiteport Toareforde sappentednéildw, tabe is
alternately driven in a direction perpendicular to a support line, to
nmeasur etaupissef Lowl nat egi the Wnretaliicalf 1 pesitieanso betavesnr hod trendasyppor t
portions and the central portion of the flow tube. When an alternate

dri vi nglbwetpuency die theitll towbkubes ¢ sramie saspal utkedt he snaturahcbiegyency
of the flow tube, a constant driving frequency corresponding to the density

of themthsudet @hbengeasyned rstebhadnede aedshence the flow tube maybe
driven with small driving energy. Therefore, the flow tube is generally

driven at thennafus@énffigguancye d:0604liuency atWigNch hendensid ks tQ be
measured using the curved-tube-type flow tube as descri bed above, a

conbi nabkenafteayeoirktandia mRABELcqd" engenehaliky u$ednas a4y yhygaeans
for driving the flow tube.
measured. A shape of the flow tube is broadly divided into a
straight-tube type and a curved-tube type.

[0003]

When the curved-tube-type flow tube is used, the flow tube
through which the fluid to be measured flows is supported at both
ends and a central portion of the supported flow tube is alternately
driven in a direction perpendicular to a support line, to measure
a mass flow rate in symmetrical positions between both end support
portions and the central portion of the flow tube.

When an alternate driving frequency of the flow tube is made
equal to the natural frequency of the flow tube, a constant driving
frequency corresponding to the density of the fluid to be measured
is obtained, and hence the flow tube may be driven with small driving
energy. Therefore, the flow tube is generally driven at the natural
frequency.

[0004]

When the density is to be measured using the curved-tube-type

flow tube as described above, a combination of a coil and a magnet



The coil and the nmagnet are preferably attached to positions which are not
offset in the vibration direction of the flow tube because a positional

rel ati onshi p devi ati on between the coil and the nmagnet is mnim zed.
Therefore, in a case of a curved-tube-type Coriolis flowreter including two
parallel flow tubes, the two parallel flow tubes are attached so as to
sandwi ch the coil and the nmagnet. Therefore, a design is nmade so that the
two opposed flow tubes are separated fromeach other at an interval to
sandw éh€ageneast lyhesesi #S andlf hel magheans [0005jriving thef fdemi élubs -
flowmeters including two flow tubes | ocated in parallel planes, a Coriolis
f | owret er haVhageall ange tieaneyeet orraa pCerfieckipd vf d bvaehed tawviosg thiogls f 1 ow
tube rigidity is required to i ncrease power of driving nmeans, and hence it

i s necebsahyatre sahdwi thet atmgetite i wibnge heansdihetaieiem tdfe thao fllcowttiblees.
Therefore, a design is nmade so that an interval between the flow tubes is
necesshechyswi depedievenai nral ft xedskend @ovidotombetvdsn arbase ipoahidon of
the fl ow tubes. [0006] As illustrated in FIG 13, a Coriolis

f | ownet e rlagri € hsingi rgeierad | y ThRoWT ard incl ugdes ol&m@@%dm@mr—%g@@t

tubes includes a detector 9 for two U shapedneasurenent tubes 2 and 3 , and

a convebtkepl9s e wadritect ofnd d@fnd hewBeasuenent diuhes:cdand 3nknghides a
vibrator 6 for resonance-vibrating the neasurenent tubes 2 and 3, a left

vel oci by 580891 71,0t uBeEealbNg @ a¥hREALIO0R sV elogihy generaked 9N & left
side of the neasurenent tubes 2 and 3 vibrated by the vibrator 6, a right

vel oc LfeSROsAL: 8 Moot ord | ng fdi it ﬁéb%a/ee'agogiﬁatget@%f 280 ol It

side of the asur enent tubes r at ed e vi brat or

TEr Bl pR0e Ao Lon deLact L0 AL PIRREALN Soolnte buth d 4 SaPR RS o

whi ch rou measurenent a ection of the

vi brati nlggg%ckég. Thﬁ vigrg or 6, the left velocity sensor 7, the right
vel oci Ty s&nsor 8 SRdt RB“t hﬁe 360FE "sensor 9 are connected to the

converter 5. h88gi] The fluid to be nmeasured, which flows through
the measurene bes 2 and 3 of the Coriolis floweter 1, flows fromthe

right side of the peasurenent tubes 2 and 3 (side on which right velocity
sensor 8 i s PFovPHed)1fof t AENPRPES siel PREREOF S i oy drikfn diPdadtad vél ocity

sensor 7 is_provided) . o _
parallel planes, a Coriolis flowmeter having a large diameter or

a Coriolis flowmeter having high flow tube rigidity is required
to increase power of driving means, and hence it is necessary to
sandwich large driving means between the two flow tubes. Therefore,
a design is made so that an interval between the flow tubes is
necessarily widened even in a fixed end portion which is a base
portion of the flow tubes.

[0006]

As illustrated in FIG. 13, a Coriolis flowmeter 1 which is
generally known and includes U-shaped measurement tubes includes
adetector 4 for twoU-shapedmeasurement tubes 2 and 3, and a converter
5.

The detector 4 for the measurement tubes 2 and 3 includes a



Therefore, a velocity signal detected by the right velocity sensor 8 is an
inlet-side velocity signal of the fluid to be neasured flowng into the
measurenent tubes 2 and 3. A velocity signal detected by the left velocity
sensor 7 is an outlet-side velocity signal of the fluid to be neasured
flow ng fromthe neasurenent tubes 2 and 3. [ 0008] The converter 5
of the Coriolis flownmeter includes a drive control section 10, a phase
measurenent section 11, and a tenperature neasurenment section 12.

The coﬁggF?EPr56o?o¥rﬁ?%§QQQﬂﬁ?¥¥q§ﬁﬁﬁéﬁéﬁfﬁh§eéSHF8@§n§tFHE?ﬁr%e%ﬂg 3,
illTustrated in FIG 14. That is, the converter 5 of the Coriolis

f 1 owrefere Ha¥eafAci hpwersend ddopuie partinga vAgiEthionsy ghati butsnereses nal

16 included in the drive control section 10 is provided in the input and
out put °popt 1e5t Fheedpifvéheonersirsaenito ubgsodt putds 3a vpbedéter Wiynétiennde
signal, fromthe drive signal output termnal 16 to the vibrator 6 attached
to t hevirbastremént at ubgdt2 vandc3 tiyo seesomafcgovi beatettihg readbrangotn t ubes
2 and 3. Each of the left velocity sensor 7 and the right velocity
sensor vBlwhiitly detechtetieowidraitghon sueleooift tBs meysbeednacoeles & Lo
sensor. [0009] The drive signal output termnal 16 is connected to a

drive givitiidt by humeughb aacanpl, i fnek tempehhe drd ¥ensbrGUFbr LB taenernat es a
drive signal for resonance-vibrating the neasurenent tubes 2 and 3 and

outputs tbmpdrhversi gnak touidecanp ifdesudeda, The amhidier apld i-ee the
i nput drive signal and outputs the drive signal to the drive signal output

term nabadBrehBatdiieds S1GNAK QUE R SHRMIRE ARl §119F 4 4ok $eQWiRYE, from
the drive signal output termnal 16 to the vibrator 6. [0010]

The vibrator 6, the left velocity sensor 7, the right velocity sensor

8, and the temperature sensor 9 are connected to the converter 5.

[0007]

The fluid to be measured, which flows through the measurement
tubes 2 and 3 of the Coriolis flowmeter 1, flows from the right
side of the measurement tubes 2 and 3 (side on which right velocity
sensor 8 is provided) to the left side thereof (side on which left
velocity sensor 7 is provided).

Therefore, a velocity signal detected by the right velocity
sensor 8 is an inlet-side velocity signal of the fluid to be measured
flowing into the measurement tubes 2 and 3. A velocity signal
detected by the left velocity sensor 7 is an outlet-side velocity
signal of the fluid to be measured flowing from the measurement
tubes 2 and 3.

[0008]

The converter 5 of the Coriolis flowmeter includes a drive

control section 10, a phasemeasurement section1ll, and a temperature



A left velocity signal input termnal 19 to which a detection signal of the
vi bration velocity generated on the left side of the neasurenent tubes 2
and 3 vibrated by the vibrator 6 is input is provided in the input and

out put port 15. The left velocity signal input termnal 19 is included in

t he phase neasurenent section 11. Aright velocity signal input
termnal 20 to which a detection signal of the vibration velocity generated
on the right side of the neasurenment tubes 2 and 3 vibrated by the vibrator
6 is i RPAEUrEMBREVSEEE PR tlKe i nput and output port 15. The right velocity
signal input termnal 20 is included in the phase neasurenent section 11.
[0011] Themepitade meadut kerEot 19ed i orovite tper hosmsb N Tk stmuertsiren on
the vibration signals of the pair of velocity sensors in the case where the
pr edet epniinédshodEesdi gnaFIics ddt.put fromthe drive signal output term na

16 to the vibrator 6 attached to the neasurenent tubes 2 and 3 to vibrate

t he measur enBhtttithesha and & tyr thef vhbtatrdio16,s £oothet ebynapesf anmudi gi t al
conversi on processing, and then obtains a phase difference between the

conver bhad sigpat port 15. Ah€rledtsimplacicy psitgpakmi AUt 1§ erddinaled9ni s
connected to an input terminal of an anplifier 21. An output term nal of

the amphifiervalchbst gonngstedotor@n A/ conyedtel B HHaANGLeppLler 22
converts, into a digital value, an anal og signal obtained by anplifying the

o P T4 e L el oc i 5 0l At gl o
23. [0Q1ghalyrkbsh. thbeqrl bt s Vel ofi Sy shonal i byt 108 nale 201 Stor
6 attached to the measurement tubes 2 and 3 to resonance-vibrate
the measurement tubes 2 and 3.
Each of the left velocity sensor 7 and the right velocity sensor
8 whichdetect thevibrationvelocitiesmaybeanaccelerationsensor.
[0009]
The drive signal output terminal 16 is connected to a drive
circult 18 through an amplifier 17. The drive circuit 18 generates
a drive signal for resonance-vibrating the measurement tubes 2 and
3 and outputs the drive signal to the amplifier 17. The amplifier
amplifies the input drive signal and outputs the drive signal to
the drive signal output terminal 16. The drive signal output from
the amplifier 17 is output from the drive signal output terminal
16 to the vibrator 6.
[0010]
A left velocity signal input terminal 19 to which a detection

signal of the vibration velocity generated on the left side of the

measurement tubes 2 and 3 vibrated by the vibrator 6 is input is



connected to an input termnal of an anplifier 24 . An output term nal of
the anplifier 24 is connected to an A/D converter 25. The A/ D converter 25

converts , into a digital value , an anal og signal obtained by anplifying
the vibration signal output fromthe right velocity signal input termna
20 by the anplifier 24. Further, the digital signal output fromthe

Al D converter 25 is input to the conputing device 23. [0013]

Further, a tenperature signal input termnal 26 included in the tenperature
measur BFEHE dgdctt dme11npetvii @ lpud tyét BetF o vallhe tebm thleotidnperanade
sensor 9 is input is provided in the input and output port 15. The

t enper anpré hewsiurehert isechfonded perthor pbasabred snpenat ureedanpeidat i on
based on the detection tenperature obtained by the tenperature sensor 9

whi ch is prokiderht nel heibgpasiurrenenhptiobesm?irend 28 amdhdehectis tantiipher nal

tenperature of the neasurenent tubes 2 and 3. A resistance type
t enper at.gnelsefisohei sigenetahl yeusedtas gbherteppenat the $ersar s9dkeoofeasur e
a resistance value, to thereby calculate a tenperature. The

t enper ahureesbghahehbptitbé ermaral 326ibsaeeansst eblet ilgrd €dPes atsUh@put
measurenent circuit 27. The tenperature neasurenent circuit 27 cal cul ates

the interpabviesneiatuhe ohphheaABaswr ementotubes. 2 mard 3 pasedienithe
resi stance val ue output fromthe tenperature sensor 9. The internal

t enper at ynhg1afgdie: BBASHE RN o &g@@ﬁdéd?mtﬁewa%% heasal- el At g@c!@_xohhe

tenperatdre measurement circuit 27 is input to the conputing device 23.
[0014] 14 .

[0011]

The phase measurement section 11 performs A/D conversion on
the vibration signals of the pair of velocity sensors in the case
where the predetermined mode signal is output from the drive signal
output terminal 16 to the vibrator 6 attached to the measurement
tubes 2 and 3 to vibrate the measurement tubes 2 and 3 by the vibrator
6, totherebyperformdigital conversionprocessing, and then obtains
a phase difference between the converted signals.

The left velocity signal input terminal 19 is connected to
an input terminal of an amplifier 21. An output terminal of the
amplifier 21 is connected to an A/D converter 22. The A/D converter
22 converts, into a digital value, an analog signal obtained by
amplifying the vibration signal output from the left velocity signal
input terminal 19 by the amplifier 21.

The A/D converter 22 is connected to a computing device 23.

[0012]

Further, the right velocity signal input terminal 20 is



I n the phase measurenment nethod using the Coriolis flowreter 1 as described
above, vibration is applied in a primary node, to the neasurenent tubes 2
and 3, fromthe vibrator 6 attached to the neasurenent tubes 2 and 3. Wen
the fluid to be nmeasured flows into the neasurenent tubes 2 and 3 while the
vibration is applied, a phase node is produced in the neasurenent tubes 2
and 3. Therefore, the signal (inlet-side velocity signal) fromthe
right velocity sensor 8 and the signal (outlet-side velocity signal) from
t he | eFPNUEFBEAMY FeABBRT Lo ivd CornaINEs i igtet er A QrePdutpuiniagla form
in which the two signals are superinposed on each other. A signal output as
t he fofpm Fhewiiiehi fher tafb isi geainecaesl $gpeni Apbseen vair eae 2 ot hdihel AdPudes
not only a flowrate signal but also a | arge nunber of unnecessary noi se
conponenngerten 2adbrtven, s aiht equiinrcit 4 svehanged adeplends hgnah obfternnexanpl e
a change in density of the fluid to be neasured. [0015] Ther ef or e,
it 1s bhecassal§ying riemowe bak tinnecagsarlyostgnal ffsromide igjignaks otiam t he
right velocity sensor 8 and the left velocity sensor 7. However, it is very
difficuignkd repovetthRivanecessgr yhei gngl iffiem the signals fromthe right
velocity sensor 8 and the left velocity sensor 7 to cal cul ate the phase.
Further, therGoetheli stid ewrpten &ih8a0fdeMoueGUHidnednton gV nverter 25
very- hi gh- preci si on nmeasurenent and hi gh-speed response. In order to
sati sfysSygBukeqyi tgEeRbSHutangOABYY LRg devi ce having very-conpl ex
conput ati on and hi gh-processi ng performance is necessary, and hence the
Coriolis flovggggg 1l itself is very expensive. Thus, the Coriolis
flowmeter 1 requires an established phase difference nmeasurenent nethod
using both a ' fi fit .t t,fr. d a
hi gh- speed cgﬁggé%gg?%ﬁéﬁﬁgrf%%%%%ldﬂ%l In Hgggﬁgéﬁgggﬁ%%Jpqggggﬁ%? erence
measur elent el hods, of caledl ating a4l gwinat e, g L 1L er. arogessing et hod
of renoving P52t 1 5° it ded Tt o 5 Trethbd usPng an" dnal‘og Ti1ter “and a
nethodfusing a gi%ital filter,

rom the Temper

ature sensor 9 is input is provided in the input
and output port 15. The temperature measurement section 11 performs
tube temperature compensation based on the detection temperature
obtained by the temperature sensor 9 which is provided in the
measurement tubes 2 and 3 and detects an internal temperature of
the measurement tubes 2 and 3.

A resistance type temperature sensor is generally used as the
temperature sensor 9 to measure a resistance value, to thereby
calculate a temperature.

The temperature signal input terminal 26 is connected to a
temperature measurement circuit 27. The temperature measurement
circuit 27 calculates the internal temperature of the measurement
tubes 2 and 3basedon the resistance value output fromthe temperature
sensor 9. The internal temperature of the measurement tubes 2 and

3 which is calculated by the temperature measurement circuit 27



The nethod using the analog filter may be rel atively inexpensive (see, for
exanpl e, Patent Docunent 1 and Patent Docunent 2). However, Patent Docunent
1 and Patent Docunment 2 have a limt to inprove the performnce of the
filter, and hence, there is a problemthat the filter is not sufficient for
the Coriolis floweter. [0017] In recent years, a |arge nunber of
Coriolis floweters using digital signal processing have been devel oped,
and the nethod using the digital filter has been devel oped as the filter
proceséPngnrEthée & eré@ﬁ@@%@nﬁoﬁ§§lpﬁ #Re conventional phase difference
measur enent net hods of cal culating the flow rate. Exanpl es of
conventional [P9Ypéd of the Coriolis flowreters using digital signal
processing include a nmethod of neasuring a phase using a Fourier transform
(see, for exanptles rPatsenneBbevuapahtI)etland vs imet hbd Gfrisel et tfilogman egpt i mum
table fit to an input frequency fromfilter tables including a notch filter
and a baad-passribktiesbdoe peasivir et fophbaseasesd fior exanpla,y Ratdent to
Docunent 4 and Patent Docunent 5). [0018] <<Phase Measurenent Method using

Fouri eehdrassserament tubes & eavel terofrideiCotiteld 5 4t oxomeéercdased on
t he phase neasurenent nethod using the Fourier transform has a bl ock

struct yegsasehbhust iipé £ 4AdH G when the fluildtblda mdasutBE fBohs v@leci ty
signal input termnal 19 provided in the input and output port 15 to which

the detget j@nssirghahtokubhe %'%E@IBo%hKQ%O%%%yVQ%%tE%bnsh%ea$@r¥é&)/a
signal) which is generated on the left side of the neasurenent tubés 2 and

3 Vibraped byotite ui bratacch and i Ghois.detect edy 0t2h%h|deft vel oci ty

sensor IS Input Is connecte to a [ ow pass | ter e low pass filter
?Sﬁfriqﬁéﬁﬁéhh?? D38t obley W VT S HSER e oA 8 é%ﬂaf’”f*lfy PbiHhe
vel oct 19 S0brer T BeBarPhg FRE VIbrAETon (oY g‘é ?%@ Ot et 1
S e e (s 2 and 3 e cave s e e
output as a form in which the two signals are superimposed on each
other. A signal output as the form in which the two signals are
superimposed on each other includes not only a flow rate signal
butalsoalargenumber of unnecessarynoisecomponents. Inaddition,
a frequency is changed depending on, for example, a change in density
of the fluid to be measured.

[0015]

Therefore, it is necessary to remove an unnecessary signal
fromthe signals fromthe right velocity sensor 8 andthe left velocity
sensor 7. However, it is very difficult to remove the unnecessary
signal from the signals from the right velocity sensor 8 and the
left velocity sensor 7 to calculate the phase.

Further, the Coriolis flowmeter 1 is often required to have

very-high-precision measurement and high-speed response. 1In order



[ 0019] The | owpass filter 30 is connected to an AID converter 31.
The A/ D converter 31 converts , into a digital signal, the left velocity
signal which is the anal og signal output fromthe | ow pass filter 30. The

| eft velocity signal obtained as the digital signal by conversion by the
A/ D converter 31 is input to a phase difference neasurenent unit 32.

The A/ D converter 31 is connected to a timng generator 33. The timng
generator 33 generates a timng of sanpling Mtinmes (Mis natural nunber)

t he i npaSFrisueneyh rpao2gEments, a CATPRELBEKEY IIRidd vVihe VerghtovelLedE ty
signal input termnal 20 provided in the input and output port 15 to which
t he detewphbatépgrgid biohherorpeat nerardlswiancy ialrecssisde wekn@ heypcsi gnal )
which is generated on the right side of the neasurenent tubes 2 and 3

vi br at edebgotrhelusbfabtemedeand whisehfi s sdeeest edpeystive.ri ght vel ocity
sensor 8 is input is connected to a |lowpass filter 34. The |ow pass filter
34 is a circuhtisf orthexiordetliingf 1bhneugh A rievequencynfadttayl i ddd phase

| ow frequency right velocity signal (inlet-side velocity signal) fromthe
ri ght wekeeirtyicsi goabutentet -sddeovelteid poshgaal jpoutpnts firem bheakisght

vel ocity sensor 8 detecting the vibration velocity generated on the right

si de ofitheo nEagyRIRMentUBeS dicaRd 3nbNa tHEyCasse M@ dte e astherent
tubes 2 and 3 are vibrated by the vibrator 6. [0021] he | ow pass

filter 34 is;gpngected to an A/D converter 35. The A/D converter 35
converts, into a digital signal, the right velocity signal which is the

anal og SignahnoQkQH%ﬂyfyﬂéﬂmhﬁgyép@%%ference measurement methods of

calculating a flow rate, a filter processing method of removing
noise is divided into a method using an analog filter and a method
using a digital filter.

The method using the analog filter may be relatively
inexpensive (see, for example, Patent Document 1 and Patent Document
2). However, Patent Document 1 and Patent Document 2 have a limit
to improve the performance of the filter, and hence, there is a
problem that the filter isnot sufficient for the Coriolis flowmeter.

[0017]

In recent years, a large number of Coriolis flowmeters using
digital signal processing have been developed, and the method using
thedigital filter has beendevelopedas the filter processingmethod
of removing noise in the conventional phase difference measurement
methods of calculating the flow rate.

Examplesof conventional typesof theCoriolisflowmetersusing
digital signal processing include a method of measuring a phase

using a Fourier transform (see, for example, Patent Document 3)



filter 34. The right velocity signal obtained as the digital signal by
conversion by the A/D converter 35 is input to the phase difference
measurenent unit 32. Further, the AID converter 35 is connected to
the timng generator 33. The timng generator 33 generates a tim ng of
sampling Mtinmes (Mis natural nunber) the input frequency. [0022]

Further, the right velocity signal input termnal 20 provided in the input
and outggt %gr% éS o which the detection signal of the vibration velocity
(i nl et 28Fde1¢ér8 i?‘%/ ST WA AP T IYR héPafel bkt AR IMRYHt TSPEESBEYL he
measur ement _tubes 2 and 3 vibrated by the vibrator 6 and which is detected
by t hefFPghtivetodiadnlssensstuding ¢ ipich £idérreerdd tord oesguéndfer
measurenent unit 36. The frequency neasurenent unit 36 neasures the
frequehy sk dehecei onesi ghal wofanhe vPbitanitoRovehnont t4y anichnPeteside
velocity signal) which is generated on the right side of the neasurenent

t ubes RoandeB8tvbbrated by the vibrator 6 and which is detected by the right
vel ocity sensor 8. The frequency nmeasurenent unit 36 is connected
to the timngogéderator 33. The frequency neasured by the frequency
measurenent unit 36 is output to the timng generator 33. The tim ng of
sanpl i rgPNetENEsatVresenat Meahoauaben)y tbartivpurrbhequensy i s generated by
the timng generator 33 and output to the AID converters 31 and 35. The

phase differgneentreasureent henido 321 ither tdwidid: Henesad 0bn 88e dRdsthe
frequency neasurenent unit 36 are included in a phase neasurenent conputing

devi cendQsulb8R28}t method uéﬂn%%@b@§§i@?%§%ﬁ%@%@&n et hadh usi BgL,heFaurier
transformas illustrated in FIG 15, the input signal (inlet-side velocity

signal }sfeomthe rkbght nvekeci ty sensor 8 is first input to the frequency
measurenent unit 36 to neasure a frequency. The frequency neasured by the

frequency ”E§§¥ﬁ%ﬂ9{%TEHE?&%%i%gl%g?ggéﬁgﬁ%ﬂg%ééﬂ%%%r%ﬁ%%ﬁ@#féré%idlﬁ?

timng of sanpling ime € i nput guency i s

gener At gd RY 1RS¢ MG GENEL A0 3% AN JRYE (R e QLD converters 31 and
the vibration velocity (outlet-side velocity signal) which 1is
generated on the left side of the measurement tubes 2 and 3 vibrated
by the vibrator 6 and which is detected by the left velocity sensor
7 1is input is connected to a low-pass filter 30. The low-pass filter
30 is a circuit for extracting, through a frequency filter, only
a low-frequency left velocity signal (outlet-side velocity signal)
from the left velocity signal (outlet-side velocity signal) output
from the left velocity sensor 7 detecting the vibration velocity
generated on the left side of the measurement tubes 2 and 3 in the
case where the measurement tubes 2 and 3 are vibrated by the vibrator
6.

[0019]

The low-pass filter 30 is connected to an A/D converter 31.

TheA/Dconverter 31 converts, intoadigital signal, theleftvelocity

10



Further, the detection signal of the vibration velocity (outlet-side

vel ocity signal) which is generated on the left side of the neasurenent
tubes 2 and 3 and obtained as the digital signal by conversion by the A/D
converter 31 and the detection signal of the vibration velocity (inlet-side
velocity signal) which is generated on the right side of the neasurenent
tubes 2 and 3 and obtained as the digital signal by conversion by the AID
converter 35 are input to the phase difference neasurement unit 32. The
det ect FoANSL gHal sh ak® Housneloor aAshetnedt Byt af B8 dihe d omoweiser TEA&RST or m
unit incorporated in the phase difference neasurenent unit 32 and a phase
di ff er éhce The cbaput eeldased ohoaatarbbabeedeen ahredigébaporéanadndy

i magi nary conponent of the converted signals. [0024] <<Phase Measurenent
Met hodcasivagsDpyi bal thk I1A/EY =snverter 3Congertpns of a phaGer dolfifs rehoenet er
based on the phase neasurenent nethod using the digital filter are
descrihedswurthenef enéncé2to bl ock structural diagranms illustrated in FIGS.
16 and 17. Frequency sel ection neans such as a notch filter or a
band- pass fiTherais ausete@set g disgebahetitbtieto At iSiMg afdne reft can 3i3nput
signal is inproved using the frequency sel ection neans such as the notch
filterrpe theibangkpasstdt |IRhenerates Bl Gimifgi bf Ustdgtiosy a-blieds (M
structure of a converter of the Coriolis floweter using the notch filter

as thejdightakali hti®ber) the iABEtI BRULuaRd,OUtput port 15, the left
velocity signal input termnal 19, the right velocity signal input term na

20, the low pggspfilters 30 and 34, and the A/D converters 31 and 35 as
illustrated in Fl 16 have the sanme structures as the input and out put

PO oo} Sl DG LA LODAL LOBME o108 Ao 1 g0 Y gt
conver 61 2r S0 30 88, b bUT PR h i 2g KRR YA ek 20R3h
signal of the vibration velocity (inlet-side velocity signal) which
is generated on the right side of the measurement tubes 2 and 3
vibratedby the vibrator 6 and which is detected by the right velocity
sensor 8 is input is connected to a low-pass filter 34. The low-pass
filter 34 is a circuit for extracting, through a frequency filter,
only a low-frequency right velocity signal (inlet-side velocity
signal) from the right velocity signal (inlet-side velocity signal)
output from the right velocity sensor 8 detecting the vibration
velocity generated on the right side of the measurement tubes 2
and 3 in the case where the measurement tubes 2 and 3 are vibrated
by the vibrator 6.
[0021]
The low-pass filter 34 is connected to an A/D converter 35.

The A/D converter 35 converts, into a digital signal, the right

velocity signal which is the analog signal output from the low-pass

11



51. The notch filter 51 selec ts a frequency based on the left velocity
signal which is obtained as the digital signal by conversion by the A/ID
converter 31, so as to inprove an S/INratio of an input signal to be
output. The notch filter 51 is connected to a phase neasurenent unit 52.
The phase neasurenent unit 52 nmeasures a phase of the left velocity signal
which is obtained as the digital signal by conversion and which is inproved
in SSNratio by the notch filter 51. Further, the notch filter 51 is
connectedtes & f r dfifeht Y readncdient lgnnt BFaines 39 éheettyl Pehsdoament

unit 53 nmeasures a frequency of the left velocity signal which is obtained
as t hebdiginedrsignal e BoRvengiear candld whi oruts tprighroveds ¢ ni$fRreatdeo by
the notch filter 51. The frequency neasured by the frequency

measur ggeptirgnents8nis B@put to the notch filter 51. [0026] Furt her,
the A/D converter 35 is connected to a notch filter 54. The notch filter 54
sel ects a freguehey, bated PoMD tdiendeafttevel Dl ¢ yecshgaatewhtchthse ehtdinged as
the digital signal by conversion by the AID converter 31, so as to inprove

an S/ Ngeatiratofr 38 | mpett ShgnabehorbecoWPyknerates a threi Mmpd R akichtiey 54 is
connected to the phase neasurenent unit 52. The phase neasurenent unit 52

nmeasur gstampBasge ok hRe urhdhthurelesi thesSiigpak Whicehensyobtai ned as the
digital signal by conversion and which is inproved in S/INratio by the
notch filter [Bdp2;

Further, the right velocity signal input terminal 20 provided
in the input and output port 15 to which the detection signal of
the vibration velocity (inlet-side wvelocity signal) which 1is
generated on the right side of the measurement tubes 2 and 3 vibrated
by the vibrator 6 and which is detected by the right velocity sensor
8 1is input is connected to a frequency measurement unit 36. The
frequencymeasurement unit 36measures the frequency of thedetection
signal of the vibration velocity (inlet-side velocity signal) which
is generated on the right side of the measurement tubes 2 and 3
vibrated by the vibrator 6 and which is detected by the right velocity
sensor 8.

The frequency measurement unit 36 is connected to the timing
generator 33. The frequency measured by the frequency measurement
unit 36 is output to the timing generator 33. The timing of sampling
M-times (M is natural number) the input frequency is generated by
the timing generator 33 and output to the A/D converters 31 and
35.

The phase difference measurement unit 32, the timing generator

12



Further, the frequency neasured by the frequency neasurenent unit 53 is
input to the notch filter 54. [0027] In FIG 16, a clock 55 is used
for synchronization, and input to the AID converters 31 and 35 to
synchroni ze the AID converter 31 and the AID converter 35 with each other.
The notch filters 51 and 54, the phase difference neasurenent unit 52, the
frequency neasurenent unit 53, and the clock 55 are included in a phase

measur enent conputing device SO [0028] , FIG 17 illustrates a bl ock
struct dfe ®FdatOIVETEN D NS UECHTIHNE §nfifonfrete? MG Hifehe ThanBLpaSs
filter (BPF) as the digital filter. The i nput and output port 15,

t he | eheagereseny spyRatinapdevieentifal 19, the right vel ocitysignal input
termnal 20, the |lowpass filters 30 and 34, and the A/ D converters 31 and
35 as illusti@fedlin FIG 17 have the sane structures as the input and

out put port 15, the left velocity signal input termnal 19, the right

vel oci ty si ghal theputa deemanalre2@ntt hethodr passgfild ersir3@ randad4foand t he
Al D converters 31 and 35 as illustrated in FIG 16, respectively. [0029]

In Fl GaslYlltberAt&dconverderi 81 drse comectsedni=Q g ibard-pasie feliben +(BPF)
61. The band-pass filter 61 is a circuit for extracting, through a

frequegeynhilht eromohy ailgfit wealsity sdonad davi ngi asset npriequeneye
(outlet-side velocity signal) fromthe left velocity signal (outlet-side

vel oci Eyeghanal ndy Glenh 0uh PH 6 £ OMbRE red ‘f_ré%h@ﬁl:?y SENS S cqudglect i ng
the vibration velocity generated on the left side of the neasurenent "tubes

o R0 ke SR g e o et b somirsl gnclyi e

Vibratsgng¥a£8?.yipr%ﬁggt§ming'ofsamplinglw—times (M is natural number)
the input frequency is generated by the timing generator 33 and
input to the A/D converters 31 and 35.

Further, the detection signal of the vibration velocity
(outlet-side velocity signal) which is generated on the left side
of the measurement tubes 2 and 3 and obtained as the digital signal
by conversion by the A/D converter 31 and the detection signal of
the vibration velocity (inlet-side velocity signal) which 1is
generated on the right side of the measurement tubes 2 and 3 and
obtained as the digital signal by conversion by the A/D converter
35 are input to the phase difference measurement unit 32. The
detection signals are Fourier-transformed by a discrete Fourier
transform unit incorporated in the phase difference measurement
unit 32 and a phase difference is computed based on a ratio between
a real component and imaginary component of the converted signals.

[0024]

<<Phase Measurement Method using Digital Filter>>

13



The band-pass filter 61 is connected to a phase neasurenent unit 62. The
phase neasurenent unit 62 neasures a phase of the left velocity signal
which is obtained as the digital signal by conversion and which is inproved
in SSNratio by the band-pass filter 61. [0030] Further, the
band-pass filter 61 is connected to a frequency nmeasurenent unit 63. The
frequency neasurenent unit 63 neasures a frequency of the left velocity
signal which is obtained as the digital signal by conversion by the A/D
converter 31CARYSWRPER ©°F it oveBlPhlS/ RIPHEFESBy He bt pASsPhPPFer 61.
The frequency neasured by the frequency neasurenent unit 63 is input to the
band- passgsfirementenethoo3ijsing the RUkgHerl fhbtey Dreendepceibgg wgth
connected to a band-pass filter 64. The band-pass filter 64 is a circuit
for extedetrkenge thrdugtk atfreguendydfadtens dnlustaatiqrhtinvBI6%i t6 singna
having a set frequency (inlet-side velocity signal) fromthe right velocity
signal 1(i.nl et-side velocity signal) which is output fromthe right velocity
sensor 8 detecting the vibration velocity generated on the right side of
the nmeasureneptqtivhes s land iHramdambistith $s abtcd dredi agset ke dibginbalpasisgnal

by conversion by the A/D converter 35 in the case where the neasurenent

tubes 2japdr3 AugeMidy ehediily tahervi beat orarbs /N ratio dhenbamshPassgnbil ter
64 is connected to the phase neasurenent unit 62. The phase neasurenent

unit 62smeasupesqauPhaserd dhedeldy skebeeiiby akanal s%ﬁ%'t%é)plb%'cﬂed as
the digital signal by conver5|on analmhlc is inproved in S/Nratio by the

band- pass il ber t84. LEAA32hss filter.

FIG. 16 illustrates a block structure of a converter of the
Coriolis flowmeter using the notch filter as the digital filter.

The input and output port 15, the left velocity signal input
terminal 19, theright velocitysignal input terminal 20, the low-pass
filters 30 and 34, and the A/D converters 31 and 35 as illustrated
in FIG. 16 have the same structures as the input and output port
15, the left velocity signal input terminal 19, the right velocity
signal input terminal 20, the low-pass filters 30 and 34, and the
A/D converters 31 and 35 as illustrated in FIG. 15, respectively.

[0025]

In FIG. 16, the A/D converter 31 is connected to a notch filter
51. Thenotchfilter 5l selectsafrequencybasedontheleftvelocity
signal which is obtained as the digital signal by conversion by
the A/D converter 31, so as to improve an S/N ratio of an input
signal to be output.

The notch filter 51 is connected to a phase measurement unit

52. The phase measurement unit 52 measures a phase of the left

14



The band-pass filter 64 is connected to the frequency nmeasurenent unit 63.
The frequency neasured by the frequency neasurenent unit 63 is input to the
band- pass filter 64. In FIG 17, a clock 65 is used for

synchroni zation, and a clock signal fromthe clock 65 is input to the A/AD
converters 31 and 35 to synchronize the A/D converter 31 and the AID
converter 35 with each other. The band-pass filters 61 and 64, the

phase neasurenment unit 62, the frequency neasurenment unit 63, and the clock
65 ar eVPAEFHEFIT A PRash ifealtr bheAe S Fi¢ 67 IAFE L Doclirenby Jopateaistion

Docunment] [0033] computing device 60. [Patent Document 1] JP
and which 1s improved in S/N ratio by the notch filter 51.

Further, the notch filter 51 is connected to a frequency
measurement unit 53. The frequency measurement unit 53 measures
a frequency of the left velocity signal which is obtained as the
digital signal by conversion and which is improved in S/N ratio
by the notch filter 51.

The frequency measured by the frequency measurement unit 53
is input to the notch filter 51.

[0026]

Further, the A/D converter 35 is connected to a notch filter
54. Thenotchfilter54 selectsafrequencybasedonthe leftvelocity
signal which is obtained as the digital signal by conversion by
the A/D converter 31, so as to improve an S/N ratio of an input
signal to be output.

The notch filter 54 is connected to the phase measurement unit
52. The phase measurement unit 52 measures a phase of the right
velocity signal which is obtained as thedigital signal by conversion
and which is improved in S/N ratio by the notch filter 54.

Further, the frequency measured by the frequency measurement
unit 53 is input to the notch filter 54.

[0027]

In FIG. 16, a clock 55 is used for synchronization, and input
to the A/D converters 31 and 35 to synchronize the A/D converter

31 and the A/D converter 35 with each other.
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02- 66410 A [Patent Docunent 2] JP 10-503017 A [Patent Docunent 3] JP

The notch filters 51 and 54, the phase difference measurement
unit 52, the frequency measurement unit 53, and the clock 55 are
included in a phase measurement computing device 50.

[0028]

FIG. 17 illustrates a block structure of a converter of the
Coriolis flowmeter using the band-pass filter (BPF) as the digital
filter.

The input and output port 15, the left velocity signal input
terminal 19, theright velocitysignal input terminal 20, the low-pass
filters 30 and 34, and the A/D converters 31 and 35 as illustrated
in FIG. 17 have the same structures as the input and output port
15, the left velocity signal input terminal 19, the right velocity
signal input terminal 20, the low-pass filters 30 and 34, and the
A/D converters 31 and 35 as illustrated in FIG. 16, respectively.

[0029]

In FIG. 17, the A/D converter 31 is connected to a band-pass
filter (BPF) 61. Theband-pass filter6lisacircuit forextracting,
through a frequency filter, only a left velocity signal having a
set frequency (outlet-side velocity signal) from the left velocity
signal (outlet-side velocity signal) which is output from the left
velocity sensor 7 detecting the vibration velocity generated on
the left side of the measurement tubes 2 and 3 and which is obtained
as the digital signal by conversion by the A/D converter 31 in the
case where the measurement tubes 2 and 3 are vibrated by the vibrator

6.
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2799243 B [ Patent Docunment 4] JP 2930430 B [ Patent Docunent 5] JP

The band-pass filter 61 is connected to a phase measurement
unit 62. The phase measurement unit 62 measures a phase of the left
velocity signal which isobtained as thedigital signal by conversion
and which 1s improved in S/N ratio by the band-pass filter 61.

[0030]

Further, the band-pass filter 61 is connected to a frequency
measurement unit 63. The frequency measurement unit 63 measures
a frequency of the left velocity signal which is obtained as the
digital signal by conversion by the A/D converter 31 and which is
improved in S/N ratio by the band-pass filter 61.

The frequency measured by the frequency measurement unit 63
is input to the band-pass filter 61.

[0031]

Further, theA/Dconverter 35 is connectedtoaband-pass filter
64. The band-pass filter 64 is a circuit for extracting, through
afrequencyfilter, onlyarightvelocitysignalhavingaset frequency
(inlet-side wvelocity signal) from the right velocity signal
(inlet-side velocity signal) which is output from the right velocity
sensor 8 detecting the vibration velocity generated on the right
side of the measurement tubes 2 and 3 and which is obtained as the
digital signal by conversion by the A/D converter 35 in the case
where the measurement tubes 2 and 3 are vibrated by the vibrator
6.

The band-pass filter 64 is connected to the phase measurement

unit 62. The phase measurement unit 62 measures a phase of the left

17



3219122 B [ Summary of the Invention] [ Problens to be solved by the
I nvention] [0034] In the phase neasurenent nethod using the Fourier
transform

velocity signal which is obtainedas thedigital signal by conversion
and which is improved in S/N ratio by the band-pass filter 64.

[0032]

The Dband-pass filter 64 1is connected to the frequency
measurement unit 63. The frequency measured by the frequency
measurement unit 63 is input to the band-pass filter 64.

In FIG. 17, a clock 65 is used for synchronization, and a clock
signal from the clock 65 is input to the A/D converters 31 and 35
to synchronize the A/D converter 31 and the A/D converter 35 with
each other.

The band-pass filters 61 and 64, the phase measurement unit
62, the frequency measurement unit 63, and the clock 65 are included
in a phase measurement computing device 60.

[Prior Art Document]
[Patent Document]

[0033]

[Patent Document 1] JP 02-66410 A

[Patent Document 2] JP 10-503017 A

[Patent Document 3] JP 2799243 B

[Patent Document 4] JP 2930430 B

[Patent Document 5] JP 3219122 B
[Summary of the Invention]

[Problems to be solved by the Invention]

[0034]

In the phase measurement method using the Fourier transform

18



as described in Patent Docunent 3, when the input frequency of the input
detection signal of the vibration velocity is constant, a phase neasurenent
met hod havi ng very-hi gh-frequency selectivity nay be perforned because the
Fourier transformis used for frequency sel ection. However, in the
met hod using the Fourier transform as described in Patent Docunent 3, when
the i nput frequency of the input detection signal of the vibration velocity
i s changed according to a density or a tenperature, it is necessary to
changea e3¢ aHeEdrim Metlked Becuhensaimplilfy taLe i NPTher eI B ICY It éaﬁputi ng
cycle or the conputing nethod is changed, and hence a neasurenent value is
vari ediapdtt deseghspabbligred. of0088] vibratiopnvaddiciionisi Aonk&amét hed
using the Fourier transform as described in Patent Docunment 3, when the

i nput phegeeneysofemheti npuhodehewt hgnvsirgrali gbf frhguenbyatedrctelocivty i s
changed according to the density or the tenperature, it is necessary to
accur ahel s ypaehivencacddwen sanpki Mg rad e twiahk fohe inpeedf fegiergyeatyt he

i nput vibration velocity signal, and hence a design is very conplicated.
Ther ef geeecthene is a problemthat, when the tenperature of the fluid to be
measured is rapidly changed or the density is rapidly changed by m xing air

bubbl es i nt opbhevEkuiid, t hdRMBASW LR N OFOGIrS @M #5h EodieaB ik stcedueed.
Further, the nethod using the Fourier transform as described in Patent

Document, i3, as BoRLARKEM L HAEN M DHFDET: X COMRULE REle DEOCESSRAS 1BgCOMES
very | arge because of the execution of theckourler transform [0036]
signal of the vibration velocity is changed according to a density
or a temperature, it is necessary to change the transform method
orthesamplingrate. Therefore, thecomputingcycleor thecomputing
method is changed, and hence a measurement value is varied and thus
unstabilized.

[0035]

In addition, in the method using the Fourier transform as
described in Patent Document 3, when the input frequency of the
input detectionsignal of the vibrationvelocity is changedaccording
to the density or the temperature, it is necessary to accurately
synchronize the sampling rate with the input frequency of the input
vibration velocity signal, and hence a design is very complicated.

Therefore, there is a problem that, when the temperature of
the fluid to be measured is rapidly changed or the density is rapidly
changed by mixing air bubbles into the fluid, the measurement
precision is extremely reduced.

Further, the method using the Fourier transform as described

_in Patent Document 3 has a problem that the number of computing
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In the nmethods of selecting the optinumtable fit to the input frequency
fromthe filter tables including the notch filter and the band-pass filter
to nmeasure the phase as described in Patent Docunent 4 and Patent Docunent
5, when the sampling rate is held, the design may be sinplified.

However, as in the nmethod using the Fourier transformas described in

Pat ent Docunent 3, the phase neasurenent nethods using the digital filter
as described in Patent Docunent 4 and Patent Docunent 5 require a very

| ar ge hufbepssRIpidecomesatt B8 lese e dsgandicy £ erargéd ormiuthe FequRéi es,
and hence have a problemthat nenory consunption of a conputing device is

| ar ge. tfo08Fprm. In addition, the phase neasurenent nethods using the
digital filter as described in Patent Docunment 4 and Patent Document 5 have
a problemthatoBelis difficult to select the optimumfilter in a case where
the input frequency rapidly changes. Further, the phase measurenent
met hods usi ngntite: deghtak 41 Iskercas ndesies idped rium Pabeatf iDocandrd idpand

Pat ent Docunent 5 have a problemthat a vary |arge nunber of conputations

as requairegdeheyi MPHAVEnEr €quesey tsehest ian1parher taaceotLB038] tEheapbase
measur enent nethods using the digital filter as described in Patent

Docunegt c4,aRd-Patent i Pesunestnds hiave die drodd oW naidrcahlms in pirehhe
met hod cannot follow the change in input frequency at high precision. That

is, itp Féu}ﬁéw gi {64 ol te 10 JRAAR MEARHERMBAL ddhd LRS- Mere hheqdensity
of the fluid to be neasured rapidly changes because of air bubbl e m xing.

the design may be simplified.

However, as in the method using the Fourier transform as
described in Patent Document 3, the phase measurement methods using
the digital filter as described in Patent Document 4 and Patent
Document 5 require a very large number of filter tables corresponding
to changed input frequencies, and hence have a problem that memory
consumption of a computing device is large.

[0037]

In addition, the phase measurement methods using the digital
filter as described in Patent Document 4 and Patent Document 5 have
a problem that it is difficult to select the optimum filter in a
case where the input frequency rapidly changes.

Further, the phasemeasurement methodsusingthedigital filter
as described in Patent Document 4 and Patent Document 5 have a problem
that a vary large number of computations as required to improve
frequency selection performance.

[0038]

The phase measurement methods using the digital filter as
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(2) I'n order to inprove the frequency sel ection performance, a very |large
nunber of conputations are required. Therefore, it is difficult to realize
hi gh- speed response, and hence the nethod is unsuitable for batch
processing for a short period of time. (3) The menory consunption of the
conputing device is |large, and hence the design is conplicated. Therefore,
a circuit structure and design are conplicated and very di sadvantageous in
cost. [0039] When all the factors are considered, in any of the
conventié snal bpHase aeasubemenen nétarotisa t eict Ddicngenhe fi g thae thillloeing
processing, a noise of a frequency band other than the tube frequencies of
t he measubearnt tubes 2 and 3 is renoved, and hence the switching of the
filter table, the change of the conputing nmethod, and the change of the
sanpl i ng) rese nrthdequinhed folabwayse faldroye tikeihphe frequency est ofighhe
measurenent tubes 2 and 3. Therefore, there is a problemthat it is
necessgiyct 9iparf ormy computad i 10N wde i vl apldaqatzed mend ulragks

hi gh- speed perfornmance. Thus, when the neasurenent tubes 2 and 3 are

vibrated hycthe yhbrat QEeG_deHsiit?/ ver ¥nki kely ot @ 0gRerake uacompyiidg error
in each wvariation of the input frequencies of the vibration velocity

si gnal 5, uh are detegted by the Ll ght.iygl ocity sensor 8 for detecting the

! e (
vi bration geFOC|ty generated on t%e right “si de of the neasurenent tubes 2

o S af2h SRS L RIS LT e g Lot Beaton. alapi

gener at on thel 0 asurenent nd hence
there is_a problemthat neasurenent precisiaon.is . very.,low.[0040 : An
objectESFg?hé1 é?%n?giﬁ§gﬁwi3%%%?%(F%ﬁO&F&glgegfgnah%#%%%%%ﬁn%tnéfhod, a

signal pracessing a atus,. and a riolis flo ter, in_which.even when a
t enper QE@?%CstLtag?l]gg‘?aji%%eﬁbl%Eaﬂﬁee TATATGES &V ngﬁﬂcéﬁ Qi %%(dm(gslsare

m xed into the fluid to be neasured, or_even en the fluid tao be neasured
rapi dl YRERARGEL of £ RG4S P6O&eﬁ§d@ﬁdfoﬁé§%ﬁ¥2ﬁ§h?eﬁﬁ§mbé)aFﬂﬁV@ per f or ned
wi th constant precision, phase and frequency neasurenents with high
filteri(Ay PBPfBERAAYeCaArauFRAlP2edl BRE FCTBROWDPLRY it Prot essiliy Hrodid may

be reduced to an extrenely small anmount. [Means for solving the Probl ens]
hence the design is complicated. Therefore, a circult structure

and design are complicated and very disadvantageous in cost.

[0039]

When all the factors are considered, in any of the conventional
phase measurement methods including the digital filter processing,
a noise of a frequency band other than the tube frequencies of the
measurement tubes 2 and 3 is removed, and hence the switching of
the filter table, the change of the computing method, and the change
of thesamplingratearerequiredtoalways followthe tube frequencies
of the measurement tubes 2 and 3. Therefore, there is a problem
that it is necessary to performcomputationwhich is very complicated
and lacks high-speed performance.

Thus, when the measurement tubes 2 and 3 are vibrated by the

vibrator 6, it is very likely to generate a computing error in each
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[ 0041] In order to solve the above-nentioned problens, according to
a first aspect of the present invention, a signal processing nethod for a
Coriolis flowreter in which at |east one flow tube or a pair of flow tubes
which is included in a nmeasurenment flow tube is alternately driven by
causing a vibrator to be actuated by a driving device to vibrate the at

| east one flow tube or the pair of flow tubes, and at |east one of a phase
difference and a vibration frequency proportional to a Coriolis force

acti ngveritheocatod] Eastingnd fredrenpecdrott ke yaioradf o v e wbes signgdsect ed
by two velocity sensors or acceleration sensors which are vibration

det ect vbackenaser detectedebgbyhebtrabhtavelleast yosensbraSmass fledwotang and a
density of a fluid to be neasured, includes: perform ng frequency
conver shervittor adondyi nel obasted core rart car i tharyi gscs i Hatdfonh¢ megsemeyeneach of
two flow rate signals obtained byA/D conversion on input signals of the

vi br at tabebregueReydpropode £t erdloctia vt dwen Lor 7 aoirsdd g ract hagidrathenat

| east one flow tube or the pair of flow tubes, which are detected by the
two vel,ecbty tyensns sa0edancelrr abirens 5@ Shet Recabhabfeat COMOSIA end
frequency signal; measuring a frequency of the conposite frequency
si gnal zasgegiradrad Whidhcat sl £astorong, @hatthBeb WA ¥REACI b Ye SEOSOK Si Okery

accel eration sensors; transmtting a control signal based on the neaSured
frequengy; controlling a frequency of a sumor difference frequency
conponent of the conposite frequency signal to a constant val ue;

obtaining a ﬁggga?nce frequency of the at | east one flow tube or the pair
of flow tubes based on the control signal, calculating the density of the
fluid to be asur base n_th ntrol si.gnal.;. and . measuring a
bhase {rom the SHeSr arfFBPeREe Frgqueney T iahpdRelt BF e ampoartd

freq“egggcéégﬁgg Hg¥hgg,tgeéféggfcggé¥gssing apparatus, and a Coriolis

flowmeter, in which even when a temperature of a fluid to be measured
changes, evenwhenairbubblesaremixedintothe fluidtobemeasured,
or even when the fluid to be measured rapidly changes from a gas
to a liquid, measurement may be always performed with constant
precision, phase and frequency measurements with high filtering
performance are realized, and a computing processing amount may
be reduced to an extremely small amount.
[Means for solving the Problems]

[0041]

In order to solve the above-mentioned problems, according to
a first aspect of the present invention, a signal processing method
for a Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is
alternately driven by causing a vibrator to be actuated by a driving

device to vibrate the at least one flow tube or the pair of flow
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frequency. [0042] In order to solve the above-nentioned problens,
according to a second aspect of the present invention, in the signal
processi ng nethod according to the first aspect, the frequency conversion
for conbining based on the arbitrary oscillation frequency includes:
mul tiplying an input signal SINO1 fromthe one of the two velocity sensors
or acceleration sensors by the transmtted control signal cos02; and
filtering an output signal obtained by the nmultiplying by a frequency
filtertebeaxerndat oap§t @Nleov prdqEertyL Seggte apdeygibration frpqugpger to
sol ve the above-nentioned problenms, according to a third aspect of the
presenpropevehipoal to aHeosighhs fvoeessitigidmirhddcacdordiang toet hieofi r st
aspect, the frequency conversion for conbining based on the arbitrary
osci | | atberof réguendy dAcf Uudestubes is datiktipHybngvan viedputitsi grakoB8ENG
fromthe one of the two velocity sensors or accel eration sensors by the
transnptteccebataol osignalocosBd,chafde vibratidnlderddgi @n seumispits ,sicgnal
obtained by the nmultiplying by a frequency filter to extract only a
hi gh-f tpguepgyost@al at least one of a mass flow rate and a density of
a fluid to be measured, includes:
performing frequency conversion to combine, based on an
arbitrary oscillation frequency, each of two flow rate signals
obtainedbyA/Dconversionon input signalsof the vibration frequency
proportional to the Coriolis force acting on the at least one flow
tube or the pair of flow tubes, which are detected by the two velocity
sensors or acceleration sensors, to obtain a composite frequency
signal;
measuring a frequency of the composite frequency signal
associated with at least one of the two velocity sensors or
acceleration SEeNnsors;
transmitting a control signal based on the measured frequency;
controlling a frequency of a sum or difference frequency
component of the composite frequency signal to a constant value;
obtaining a resonance freqguency of the at least one flow tube
or the pair of flow tubes based on the control signal, calculating
the density of the fluid to be measured based on the control signal;
and

measuring a phase from the sum or difference frequency

component of the composite frequency signal having the controlled
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[ 0044] In order to solve the above-nentioned problens, according to
a fourth aspect of the present invention, in the signal processing nethod
according to the first aspect: the input signals of the vibration
frequency proportional to the Coriolis force acting on the at |east one
flow tube or the pair of flow tubes, which are detected by the two velocity
sensors or acceleration sensors, are sanpled by the A/D conversion to
obtain digital signals; and t he conposite frequency signal obtained
by theffreygaea¥y conversion based on the transmitted control signal is
controlled so that the frequency of the sumor difference frequency
conponent of [PAé2¢onposite frequency signal is 1/4 of a sanpling frequency
for the A/D conversion. [0045] In order to solve the above-nentioned
probl ens, actoraidgyr tto saclvétthaspece-okentthenpdeseablényerdandiangsicgnal
processi ng apparatus for a Coriolis floweter in which at |east one flow

t ube or @epehd fpddtowrt thesombd el iisivienaliveedihnt lve MEasilepeBcklsawgt ube
is alternately driven by causing a vibrator to be actuated by a driving
devi cemtenyhbsiatrd ey alo kaasti one ddpawd, ubaeof réfigepay rcafvdd omw:t ubes, and
at | east one of a phase difference and a vibration frequency proportional
to a C@Bm@hhing%ggeé%h Neh O AN Al easti 10n& ifdrow duhe er, theipakk.of
flow tubes is detected by a velocity 'sensor or accel eration sensor which is
a vibration geiechh pingensoiqphe Lhghahy sahikal arah Leasbn@nesokng whes flow
rate and a density Oof a flurd to be neasured, i ncludes: a
LransTibiel: 90 JalodLansmAding. & {4 eauancy <l onal whlelh] o dpdutatay e

a frequency converter or ‘pertform ng fréquency conversion to a or
subtrag&éngﬂ Qut put gﬁgquency Fx fromthe transmtter 90 to (or fron an

i nput Fréquency of’ an input signal detected by the velocity sensor or

accel eration_sensor and shifting a fre ncy val ue obtained by th
f requency coﬁ%gggfbﬂgt%néngﬁﬁgigﬁﬁﬂvg1%&;a §d by the mulEip1Ying by a

frequency filter to extract only a low-frequency signal.

[0043]

In order to solve the above-mentioned problems, according to
a third aspect of the present invention, in the signal processing
method according to the first aspect, the frequency conversion for
combining based on the arbitrary oscillation frequency includes:

multiplying an input signal SIN®; from the one of the two
velocity sensors or acceleration sensors by the transmitted control
signal cos6;; and

filtering an output signal obtained by the multiplying by a
frequency filter to extract only a high-frequency signal.

[0044]

In order to solve the above-mentioned problems, according to
a fourth aspect of the present invention, in the signal processing

method according to the first aspect:
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a phase difference neasurenent section for neasuring a phase difference of
the converted frequency signal output fromthe frequency converter 85.

[ 0046] In order to solve the above-nentioned probl ens, according to
a sixth aspect of the present invention, a signal processing apparatus for
a Coriolis floweter in which at |east one flow tube or a pair of flow
tubes which is included in a neasurenent flow tube is alternately driven by
causing a vibrator to be actuated by a dr|V|ng device to vibrate the at

| east one flbhaetubeulorsignelgapf tdte Mibwatdbast re@mdcaty IREO e sl A0phase
difference and a vibration frequency proportlonal to a Coriolis force

acti ngtba ¢heiatis dastcoonetiihgwon ubiee et thespaine dfloi bwoeubes Hisspdétect ed
by a pair of velocity sensors or acceleration sensors which are a pair of

vi br at bonf devetcthbesn, senso sgr¢ adtherehy obttdian tato vedstc iaye sehsarisass 1 ow
rate and a density of a fluid to be neasured, includes: a
transnhtbeﬂeiaﬁlbﬁrséﬁ@@ﬁﬁ)té1®gﬁﬁmim3ﬂM@ﬂﬁMeSAgDahn“hhﬁhxhstWDdbkahable a
first frequency conversion section 110 for perform ng frequency conversion
to addgfgrtsubkrget) sanagdt put frequency exn fromthe transmtter 120 to
(or from an input signal frequency O obtained by converting a signal of

one of the paht ebmpbRriati o delett) o FENSAStd MO apdi ghEa|fr%'qgl'é@1|cyby a
first A/D converter 31, to adjust a frequency val ue obtai ned by the

frequeBSMv%QQY%ESbQQeB%ﬁ‘ const AN s A U& At rol s1gr?a15%%0'&@nft&%qli%@(3y

conversion section 140 for perform ng frequency conversion to ad

subtr a%)tﬁ%‘@f&% RYL Gl gx%é}g%ytr?é( ’ég;fn{ gm &D?féf@l@éér'ﬁg%e]r@ ano%)%rnefnrtom an

i nput S|g requenc ai ned by convertlng a si her one of
t he pai L opn_detect | S | nt i tal si; cond
Al D conver §g85 oggdgug Y3 e%h ncy ngﬁggégigﬁﬁehpﬁ 2%8%3% cy
conver g %/ onst ant value (0047] In order to solve t he
above- ‘gite §r88P5ﬁ§8188C0rdlng to a seventh aspect of the present

i nvention, ﬁ g&ﬁ processi ng apparatus for a Coriolis flowneter in which
at |east onelfP tube or a pair of flow tubes which is included in a

measurenent flow Tube is alternately driven by causing a vibrator to be
actuated by ANdPFVEhddeviEe e \ﬂb[?rvét depyhd o4 d BRSPLEWE fA TP T &P t he
pair of flow tubes, and at |east one of a phase difference and a vibration
frequeﬁé%ﬁﬁhﬁﬁﬁ?@%ﬁéﬂjﬁ%P%?QiﬁiéPV@nFépéeE%%%?%©lBﬁoﬁﬁéséﬂg@§§§ﬁ66ﬁé fl ow
tube or the pair of flow tubes is detected by a pair of vibration detection
sensor §0rt ® ¢heiebys dbtainet@r HLeaghicheabflea fiaei e Fo@vWr hrbeapd a Pddisity

of a fluid to be neasured,
of flow tubes which is included in a measurement flow tube is

alternately driven by causing a vibrator to be actuated by a driving
device to vibrate the at least one flow tube or the pair of flow
tubes, andat least oneof aphasedifferenceandavibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes is detected by a velocity sensor
or acceleration sensor which is a vibration detection sensor, to
thereby obtain at least one of a mass flow rate and a density of
a fluid to be measured, includes:

a transmitter 90 for transmitting a frequency signal which

is modulatable;
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i ncl udes: a transmtter 120 for transmtting a frequency signal

whi ch i s nodul at abl e; a first frequency conversion section 110 for
shifting in frequency, to a predeterm ned constant frequency signal, an

i nput signal frequency O obtained by converting a signal of one velocity
sensor of the pair of vibration detection sensors into a digital signal by
a first A/D converter 31, based on an output frequency Oxn fromthe
transmtter 120 to nove the input signal frequency to a desired frequency
band; a o oY cequency rcdhverrsPen ssBi nent D gty SRNVEILRE Otn
frequency, to a constant frequency signal, an input signal frequency O
obt ai ned bgidconvestbhgaat i gnabuppuandtderenvey oti thy osender totnshe tpairr of
vi bration detection sensors into a digital signal by a second A/ D converter
35, basedton(dhefoutpuin fingqueicyqgexnckr om dheidpansnidriadr dE2@dte@drbye t he
i nput signal frequency to a desired frequency band; and a frequency
measur enente secit PR ehB0 f OF aaswratg o Eepquenmd ehidtingsd fireegeengy
signal, which is obtained as the predeterm ned constant frequency signal
throughathe shibthea By and ewtpubnbkorohie rkiibst thr aquency ag@nvensiegn
section 110, and outputting the neasured frequency of the first frequency
signal ;t,9 the transmtter 120 to control, based on the frequency after the
shifting by the first frequency conversion section 110, output frequencies

fromthe fi r§t%ﬁ£§8‘&"i'}%r%%%\éeﬁléklgﬂréﬁ%ico a4 f}%éﬁggggriﬁgc’é’bgﬁ%e

conversion section so that the 1 nput signal frequency obtailne

conver {,i. i I t | pCl sqQt t | i bration
dor oot Ubh e bRDsEs P b ne A e Lo R e R o B L ol P51 T
a desired freguenc;f/l.V &90%8 5 In order to solve the above-nenti oned
probl efE SIEEESY ARG "6 “ah Sight h aspect of the present invention, in the
si gnal proceiﬁig% apparatus according to any one of the fifth, sixth, and
sevent h aspe Q, {he frequency conversion section 110 incl udes:

In order to solve the above-mentioned problems, according to
asixthaspect of thepresent invention, a signal processingapparatus
for a Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is
alternately driven by causing a vibrator to be actuated by a driving
device to vibrate the at least one flow tube or the pair of flow
tubes, and at least oneof aphasedifferenceandavibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes is detected by a pair of velocity
sensors or acceleration sensors which are a pair of vibration
detection sensors, to thereby obtain at least one of a mass flow
rate and a density of a fluid to be measured, includes:

a transmitter 120 for transmitting a frequency signal which
is modulatable;

a first. frequency conversion section 110 for performing
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a multiplier 111 for nultiplying a reference signal cos02 fromthe
transmtter 120 by an input signal SINO1 fromthe first A/D converter 31;

and a lowpass filter 112 for filtering an output signal obtained by
the multiplication by the multiplier 111 through a frequency filter to
extract only a | owfrequency signal. [0049] In order to solve the

above- nenti oned probl ens, according to a ninth aspect of the present
invention, in the signal processing apparatus according to any one of the
fifth, fgeguRncandoseeeathnaspeeds, (athe Wateedncprconversi dneseenirgn®410

i ncl udes: a multiplier 111 for nultiplying a reference signal cos02
from t heotr ahsnicrbesmi20elby 180 itepubrsifgeal) ShNGnoutomighe 1f ifrstyuAhDy
converter 31; and a high-pass filter 112 for filtering an out put

si gnal cobbaaheddbyy tden et ipd iccatiigom by ft beemuft tipd ieri ALY vhbeuagh oa
frequency filter to extract only a high-frequency signal. [0050] In
order tietsekvenThenabeveifent hodegi psobeimal asgal diingt /@ entf raspect of

the present invention, in the signal processing apparatus according to the
sevent B , el ghlhusand rReRlBnasPeLI$e obtained by the frequency conversion

to a constant value; and

a second frequency conversion section 140 for performing
frequency conversion to add (or subtract) the output frequency 6xn
from the transmitter 120 to (or from) an input signal frequency
O obtained by converting a signal of another one of the pair of
vibration detection sensors into a digital signal by a second A/D
converter 35, to adjust a frequency value obtained by the frequency
conversion to a constant value.

[0047]

In order to solve the above-mentioned problems, according to
a seventh aspect of the present invention, a signal processing
apparatus for a Coriolis flowmeter in which at least one flow tube
or a pair of flow tubes which is included in a measurement flow
tube is alternately driven by causing a vibrator to be actuated
by a driving device to vibrate the at least one flow tube or the
pair of flow tubes,’and at least one of a phase difference and a
vibration frequency proportional to a Coriolis force acting on the
at least one flow tube or the pair of flow tubes is detected by

a pair of vibration detection sensors, to thereby obtain at least

one of a mass flow rate and a density of a fluid to be measured,
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t he frequency neasurenent section 160 includes a nmultiplier 161 connected
to the first frequency conversion section 110, a |lowpass filter 162
connected to the multiplier 161, and a transmtter 163 for frequency
measur enent which is connected to the low pass filter 162 and receives an
out put signal fromthe | ow pass filter 162; the multiplier 161
conpares an out put signal sin(etexn) fromthe frequency conversion section
110 with a phase of an output signal cos6 fromthe transmtter 163 for
frequehtglreasur ement and outputs a difference signal and a sumsignal to

the | owpass filter 162; the lowpass filter 162 filters an output
si gnal from &herandnitpieerl 26 forht saghnatfraquenciedidnar sttgnedt vhethonly a
| ow f requency signal; and a phase amount V of a fundanental out put

wavef of ;m nsdgénerhied based on the | ow frequency signal output fromthe
| ow- pass filter 162 and satisfies a condition of V=0 by the transmtter 163
for frequency measuremenenc@Oabnversion davtoraderl1® sorvehiheing in
above-nenti oned probl ens, according to an el eventh aspect of the present
i nvent FeBgubheysi ghal ppeeeessii@ed constant frequency signal, an input
signal frequency 6 obtained by converting a signal of one velocity
sensor of the pair of vibration detection sensors into a digital
signal by a first A/D converter 31, based on an output frequency
Oxn from the transmitter 120 to move the input signal frequency to
a desired frequency band;
a second frequency conversion section 140 for shifting in
frequency, to a constant frequency signal, an input signal frequency
© obtained by converting a signal of another velocity sensor of
the pair of vibration detection sensors into a digital signal by
a second A/D converter 35, based on the output frequency 6y, from
the transmitter 120 to move the input signal frequency to a desired
frequency band; and
a frequency measurement section 160 for measuring a frequency
of a first frequency signal, which is obtained as the predetermined
constant frequency signal through the shifting by and output from
the first frequency conversion section 110, and outputting the
measured frequency of the first frequency signal to the transmitter
120 to control, based on the frequency after the shifting by the

first frequency conversion section 110, ocutput frequencies from

the first frequency conversion section and the second frequency
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apparatus according to any one of the seventh, eighth, ninth, and tenth
aspects further includes a clock for synchronizing an output of the first
Al D converter 31 and an output of the second A/D converter 35 to
synchroni ze a digital signal of one of the pair of vibration detection
sensors which is output fromthe first A/D converter 31 and a digital

signal of another one of the pair of vibration detection sensors which is
output fromthe second A/D converter 35. [0052] In order to solve

t he ab6YPBYARERLPHNEBECHEBD| T, hade ddreditngutos adhakl TP wRpectogfRiMee present
invention, in the signal processing apparatus according to any one of the
sevent honekeghtthg iwihet kigneat bt ahg ehevestlvcaspestssorhe fphase paeaswienent
section perforns processing of a discrete Fourier transform (DFT) or a fast
Fouri evibransbor fet EET)on[ 8668brs into time otdeitdb sigineel thhe the first
above-nenti oned probl ens, according to a thirteenth aspect of the present

i nvent AgD, can€ericelri S1f Lewaetes iiredMiireluahdyeast one fl ow tube or a pair
of flow tubes which is includedl naneasurenent flow tube is alternately
driven by cagyspmgja vibrator to be actuated by a driving device to vibrate
the at | east one flow tube or the pair of flow tubes, and at | east one of a
phase differencerand ta ¥bbiatin fIRAUSRGY iRIRROPpEbBNahst s @ &adifd its force
acting on the at |east one flow tube or the pair of flow tubes is detected

by a pahre ofh¥el-Qedot Sensu $:8ke %C§ﬁ€é§ﬁigﬂ,%%P%QESS¥§ﬂé&)ﬁ%&%é%ﬁ%ﬂgr of
vi bration detection sensors, to thereby obtain at |east one of a nmass fl ow
a

rate aagpgfggggi %&écgt:dﬁn lyid 10 be measured.c.inel udesiy  ang o Vel o

transm or transmtting a frequency signal which is nodul ata

a fi rSEsh]reﬁgg?”%%ec%ﬁl‘é%@%h%gze%%%%%i 10 J.on 130 fltliO.HQnic{iuHe%quency’ to a

pr edet er const ant “freqdency signal, "an input "signa equency 0
Vi br at  on def dbti i Seredsd dt BUA"SFIHLR SrAS chy e TYTSL CAPRY dater t r
oL, Do3Ed SR Aneuipyt reguency cun Tom Lhe dparsTLer 120 9 s the
converter 31; and
a low-pass filter 112 for filtering an output signal obtained
by the multiplication by the multiplier 111 through a frequency
filter to extract only a low-frequency signal.
[0049]
In order to solve the above-mentioned problems, according to
a ninth aspect of the present invention, in the signal processing
apparatus according to any one of the fifth, sixth, and seventh
aspects, the frequency conversion section 110 includes:
amultiplier 111 formultiplying a reference signal cosf; from
the transmitter 120 by an input signal SINO; from the first A/D
converter 31; and
a high-pass filter 112 for filtering an output signal obtained

by the multiplication by the multiplier 111 through a frequency
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a second frequency conversion section 140 for shifting in frequency, to a
predeterm ned constant frequency signal, an input signal frequency O

obtai ned by converting a signal of another velocity sensor of the pair of
vi bration detection sensors into a digital signal by a second Al D converter
35, based on the output frequency exn fromthe transmtter 120 to nove the
i nput signal frequency to a desired frequency band; and a frequency
measur ement section 160 for measuring a frequency of a first frequency

si gnal f1hWaeEhtPsesbrarhednay ﬁhélﬁbegéﬁéﬁﬁpﬁ§dSé§ﬁ§ﬂant frequency si gnal
through the shifting by and output fromthe first frequency conversion
section 110, [@ABObut putting the neasured frequency of the first frequency
signal to the transmtter 120 to control, based on the frequency after the
shifting by Thefdestof sefuendye edbpversican iseeti pnolkléns putquirdirenguenci es
from the first frequency conversion section and the second frequency
conver sioanmsiecdsciso i hak phesenpuinseégnabnf r equenc\siopiadi pedckysing
converting the signal of the one velocity sensor of the pair of vibration
det ect hppaseBser sctbtaihferdi ghtakesignal, byghhe,fiahst nAhPnceryercter: 31 is
a desired frequency. [0054] Exanpl es of the flow tube of the

Coriolis flowaeteredinchiiplenah Gttt uhe tane asst1atoMed Ubau1theneecrs a
type driven in any of various nodes including a primary node and a

secondagy gggﬁep%%dat%DQ§m;infgﬂV%f@hﬁ$ﬁbf|9Mh%§?§ion sectiba hgovelyl
known, the driving frequency band obtalnedyfron1the flow tube is several

ten Hz,LQ_sewer 'Lt‘é‘i‘z%esefgénﬁéég%% ﬁ’l@@fﬂ}ﬁ@‘fa‘i@%’ﬂéﬁl@%&@é[&Qa%sﬂ-#iyﬁ% Sde

tube is vibrated int rrmar node, a trequency IS approxi nate

en b TLow £bg, o] g, 2,51 LALON, shape, 15, i bral eg J e By mary, mode

a frequency in a appr oxi mat el I's reallz

Ho it difficult t f . th d f .
o GIEHEE DPLTE GRS AoGREPRE By SHRIaD e A s Fover
t he frﬁg??ncy band of several ten Hz to several kHz in a single flowreter

conver Therefore, it is necessary to separately design several types.
[ 0055] According to the signal processing nethod in the present

i nvention, thBEREEMPEICPridhl EREPAL SFedlrhigdt BsoVE day 1Bd O Simplv éd BY

advantageous si gnal processing based on an identification .
the frequency conversion section 110 with a phase of an output signal

cosd from the transmitter 163 for frequency measurement and outputs
a difference signal and a sum signal to the low-pass filter 162;

the low-pass filter 162 filters an output signal from the
multiplier 161 through a frequency filter to extract only a
low-frequency signal; and

a phase amount V of a fundamental output waveform is generated
based on the low-frequency signal output from the low-pass filter
162 and satisfies a condition of V=0 by the transmitter 163 for
frequency measurement.

[0051]

In order to solve the above-mentioned problems, according to

an eleventh aspect of the present invention, the signal processing
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al gorithm Even in the case of the change in tenperature of the

fl ui dt obeneasured, the m xing of air bubbles, or the rapid change of the
fluid to be neasured fromthe gas to the liquid, the phase and frequency
measurenents nmay be always perforned with constant precision, and hence

hi gh performance nmay be provi ded. [0056] According to the signal
processi ng apparatus in the present invention, even when the tenperature of
the fluid to be neasured changes, even when the air bubbles are mxed into
the flaPdarethe aeeRUtEd v avernghel the $$ R ho Vohigasiiedvaphndl y
changes fromthe gas to the liquid, the neasurenent may be al ways perforned
with coastarmsgerect divothardinhéughase cdind i £eguenieyh neasti egrenmt sufaytbhe
performed with a snmall conputing anount. [0057] According to the

Cor i ol ©§ thleofvimet e A/ Dredrhes preas @ htanidnve ntitpnt cvehe wieenidhe/  enpeeatare of
the fluid to be neasured changes, even when the air bubbles are m xed into
t he flabdd G he-heasived, d0giewensidieal tde olecubd tiee hea easured reapbel y
changes fromthe gas to the liquid, the neasurenent may be al ways perfornmed

W th castantofif &6h SO wiictkH hies phape tandohr EAYEeNCys MeaglcemeRlrs Jrag1be
performed with a small conputing anount. [0058] [FIG 1] A block

di agraghild sy el _g g@alrdnNahBkecefof kRl pRY PCESH HEh abPakatdetaegor di ng
to the present invention. [FIG 2] A block d?agran1i||ustrating a specific
StructUtfsors which is output from the second A/D converter 35.
[0052]
In order to solve the above-mentioned problems, according to
a twelfth aspect of the present invention, in the signal processing
apparatus according to any one of the seventh, eighth, ninth, tenth,
and eleventh aspects, the phase measurement section performs
processing of a discrete Fourier transform (DFT) or a fast Fourier
transform (FFT).
[0053]
In order to solve the above-mentioned problems, according to
a thirteenth aspect of the present invention, a Coriolis flowmeter
in which at least one flow tube or a pair of flow tubes which is
included in a measurement flow tube is alternately driven by causing
a vibrator to be actuated by a driving device to vibrate the at
least one flow tube or the pair of flow tubes, and at least one
of a phase difference and a vibration frequency proporticnal to
a Coriolis force acting on the at least one flow tube or the pair

of flowtubes isdetectedbyapairofvelocity sensorsoracceleration

sensors which are a pair of vibration detection sensors, to thereby
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of the signal processing apparatus illustrated in FIG 1. [FIG 3]
A block diagramillustrating a specific structure of the signal processing
apparatus illustrated in FIG 2 using a feedback control nethod.
[FIG 4] A diagramillustrating an output signal froman LET illustrated in
FIG 3. [FIG 5] Adiagramillustrating an output signal from an
Al D converter illustrated in FIG 3. [FIG 6] A diagram
illustrating an output signal froma transmtter illustrated in FIG 3.
[FI G ?bFapndi agraanel| o8¢ raf | agiams otputr Sigmdld ion demaitivploifepr 6fuad
frequency conversion section illustrated in FIG 3. [FIG 8] A
di agr abhvi beuseraticag, annodtigas:si gnal fromthe frequency conversion section
illustrated in FIG 3. [FIGS. 9] Diagrans illustrating time charts
for the specaficastmicter e 3f fidlretsrgRal tploges simgpyeppay atiysall Wwasthat ed
in FIG 3. [FIG 10] An operational flow chart for the specific
struct usemotiut heabiignal processing apparatus illustrated in FIG 3.
[FIG 11] Ablockstructural diagranmillustrating the frequency conversion
section of thersirgnalfrphReess RGPV AUSsdddust rat@dron EhGrt3ng in
frequency, to a predetermined constant frequency signal, an input
signal frequency © obtained by converting a signal of one velocity
sensor of the pair of vibration detection sensors into a digital
signal by a first A/D converter 31, based on an output frequency
Oxn from the transmitter 120 to move the input signal frequency to
a desired frequency band;

a second frequency conversion section 140 for shifting in
frequency, to a predetermined constant frequency signal, an input
signal frequency 6 obtainedbyconvertingasignal of anothervelocity
sensor of the pair of vibration detection sensors into a digital
signal by a second A/D converter 35, based on the output frequency
Oxn from the transmitter 120 to move the input signal frequency to
a desired frequency band; and

a frequency measurement section 160 for measuring a frequency
of a first frequency signal, which is obtained as the predetermined
constant frequency signal through the shifting by and output from
the first frequency conversion section 110, and outputting the
measured frequency of the first frequency signal to the transmitter

120 to control, based on the frequency after the shifting by the

first frequency conversion section 110, output frequencies from
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[FIG 12] A block structural diagramillustrating a frequency neasurenent
section of the signal processing apparatus illustrated in FIG 3.

[FIG 13] A structural diagramillustrating a general Coriolis flowreter to
whi ch the present invention is applied. [FIG 14] A block
structural diagramillustrating a converter of the Coriolis flowreter
illustrated in FIG 13. [FIG 15] A block diagramillustrating a
phase neasurenment net hod using Fourier transformfor the converter

i | lust FREediFrAtFfGeaggncy converpepg, se6f 1ANHPEEKk thFagrantd FESOMNENICHg a

phase neasurenment method using notch filters for the converter illustrated
in Fl Gcongersion secffp@ sqihak Bhecknaiagsagnsl | istdugnqyg o tphasel by
measur enent mnet hod usi ng band-pass filters for the converter illustrated in

FI G 1ldonyhbdesdaf sheCaipypiiagoduthehenkenvedvicanly [S@059F of the Phe rpodsent
i nvention has been nmade so as to achi eve the object that nmeasurenent may be
al waysvpertoineddetthteonssantopsechso onhantt @nt @Xtsiemel ly ksadHe canptit | ng
processi ng amount even when the tenperature of the fluid to be neasured
changes/pevenveherrt Be air abubbliesdareemiueedyi.nto the fluid to be nmeasured,
or even when the fluid to be neasured rapidly changes fromthe gas to the
l'iquid. [0054]

Examples of the flow tube of the Coriolis flowmeter include
a curved tube and a straight tube. There is a type driven in any
of various modes including a primary mode and a secondary mode,
as a mode for driving the flow tube.

As 1s well known, the driving frequency band obtained from
the flow tube is several ten Hz to several kHz. For example, when
the flow tube using a U-shaped tube is vibrated in the primary mode,

a freguency 1s approximately 100 Hz. When the flow tube having a
straight shape is vibrated in the primary mode, a frequency in a
range of approximately 500 Hz to 1,000 Hz is realized.

However, itisverydifficult toperformthe phase and frequency
measurements of the Coriolis flowmeter by always the same processing
over the frequency band of several ten Hz to several kHz in a single
flowmeter converter. Therefore, it is necessary to separately
design several types.

[0055]

According to the signal processing method in the present

invention, the essential problems as described above may be removed

by advantageous signal processing based on an identification
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[ Enbodi nent 1] [0060] Herei nafter, Enbodinent 1 of a node for
carring out the present invention is described with reference to FIGS. 1 to
9. FIG 1 is a principle diagramillustrating a signal processing
nmet hod and apparatus according to the present invention. FIG 2 is a
detailed circuit diagramfor the principle diagramillustrated inFIG 1.
FIG 3 is ablock diagramllustrating a specific structure of the signal
processi ng apparatus illustrated in FIG 2 using a feedback control method.
FI G 4alpbusthat estesn out pgute siafraloff rida aar@e il fempgrédung PEGEhS. FI G
5 illustrates an output signal froman A D converter illustrated in FIG 3.
FI G 6fllhlidsty deescasuned puthesngrahgfoomia brlanbes t ey thelumtirdtrednion FI G
3. FIG 7 illustrates an output signal in a nmultiplier of a frequency
conver sfonhsettwod tid lhustreatsed ddn fEG. tBe HFh& t8 ild Usitqutdss tare pbbpet
signal fromthe frequency conversion section illustrated in FIG 3. FIGS. 9
are tigpdchasgsehoy hbesspedcéhite B4y usd Wiavpfs the Rigral wprecessisngnt
apparatus illustrated in FIG 3. [0061] In FIG 1, when neasurenent

tubes grands3oarearbbhahed Byqa pekrataancbonagxaepbeoveleet.romagnetic
oscillator) 6, vibration velocities generated in the nmeasurenent tubes 2

and 3 are defggteg by a vibration velocity sensor (for exanple, velocity
sensor or acceleration sensor) 70. The detected vibration velocities are

conput ed aﬂ%e&egmgdt@yu?e \i;r At ??o&%lsgciinﬁyaﬁ%%ggizugOﬂp%ﬂé"%r@%@rﬁ:e 80.

The vibration velocity sensor 70 correspondsto eft velocity sensor 7

gingn; P%iﬁ%ﬂ??}égl QOLLY, RERSCh B Ol b1 52 udd: of AR21 1R PR k2l Yglenel tY
changes, even when the air bubbles are mixed into the fluid to be
measured, or even when the fluid to be measured rapidly changes
from the gas to the liquid, the measurement may be always performed
with constant precision and the phase and frequency measurements
may be performed with a small computing amount.

[0057]

According to the Coriolis flowmeter in the present invention,
even when the temperature of the fluid to be measured changes, even
when the air bubbles are mixed into the fluid to be measured, or
even when the fluid to be measured rapidly changes from the gas
to the 1iquid, the measurement may be always performed with constant
precision and the phase and frequency measurements may be performed
with a small computing amount.

[0058]

[FIG. 1] A block diagram illustrating a principle of a signal

processing apparatus according to the present invention.

[FIG. 2] A block diagram illustrating a specific structure
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a frequency conversion section 85, a transmtter 90, and a phase difference
nmeasur enment section 95. The frequency conversion section 85 perforns
frequency conversion on the vibration velocities which are generated in the
measurenent tubes 2 and 3 and detected by the vibration velocity sensor 70
when the neasurenent tubes 2 and 3 are vibrated by the vibrator 6 . A
signal fromthe transmtter 90 is input to the frequency conversion section
85. Then, signals obtained by frequency conversion by the frequency
conver@fohh§e§@96ﬁ18Er9ﬁeSﬁmpgtap@aﬁﬁeuﬁhaéeuéﬁﬁﬁeﬁénee e&surfenent section
95 provided in a subsequent stage of the frequency conversion section 85.
The phase di fFéFence Adalsurlembntgsectilon g gyenfornmspAltD fdonvérsictmren
respective velocity signals fromthe vibration velocity sensor 70, to

t her ebyf pené os igda Ji v &b ceoniney si e pioce ssi hgs taanded hien Kt .ainsisd nphase

di fference therebetween. [0063] In the signal processing nmethod and
appar atgsdbhtustoatedli acEhGd.1, the input signals are subjected to the
frequency conversion to control the frequencies after the frequency
conversi on tpreansi pal dyabyes, i andsther pPRGSEh RAPHEBBRhal SE PSR Ol MBe af ter
the frequency conversion. Therefore, a filter processing apparatus capable
of perforpsngshkghispeed, eonstant, and hi gh-precision phase neasurenent
even when the frequencies of the input signals change is realized. That is,

in the signalpprocess agagegﬁogtwgttgelﬁ pg{%tu%uéglg]ﬁa%'ty&graat agpl n

FIG 1, |nput frequencies FIN o e |npu signal's fro ration

V€|OCI% n§88§8% zg%gggrggeguERu%IEreguency FX of the transmtter 90 are
h

mul ti requency conversion section 85 to add ( or subtract )
phase dlfferfgggs % QQtQ the SI ?P%Erggd t he traQ§n1tt 90 i controlled

ra 1n an o sSldgna
so that the requen i 65 AFTer The uencygconver5|on aregcons ant’, %o as

to control the frequencies, input t phase neasurenent section 95 to a
constaﬁf 95Wﬁgtefo EEEFEB?tﬁarFBrE&Fhe%phase measur enent based on the
signal s after t he freguenc conversi on £ When such a structure
i s enpl oyed, [Efst/drft ¢ l%ﬁﬁ &&ﬁﬁéﬁﬁfté¥¥%ﬁnPP BUL @ RilgH? & Peldd i0drpdt at i on
may be realized mnthout providing a |l arge _nunber of filters correspondi ng

to i npAf fréqBEHEPEY éﬁavﬁéﬁﬂSPnﬁﬁﬁtéﬁ? dompisiteated prodessi vy such as

changi ng of a conputing net hod.
[FIG. 8] A diagram illustrating an output signal from the

frequency conversion section illustrated in FIG. 3.

[FIGS. 9] Diagrams illustrating time charts for the specific
structure cof the signal processing apparatus illustrated in FIG.
3.

[FIG. 10] An operational flow chart for the specific structure
of the signal processing apparatus illustrated in FIG. 3.

[FIG. 11] Ablockstructuraldiagramillustratingthe frequency
conversion section of the signal processing apparatus illustrated
in FIG. 3.

[FIG. 12] Ablock structural diagram illustrating a frequency
measurement section of the signal processing apparatus illustrated

in FIG. 3.
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[ Expression 1] Fc-FX+FIN (or Fc=FX-FIN) (1) In the conputation
expression of Expression (1), Fc indicates a frequency after frequency
conversion, FIN indicates an input frequency (vibration frequency of
measurenent flow tube), and Fx indicates a transm ssion frequency of the
transmtter. [0065] A nethod of obtaining a density of the fluid to
be nmeasured is described. Wien the density is to be neasured, it is
necessary to neasure Vvibration frequencies of the neasurenent tubes 2 and
3. Ther ef or e[ FiGequdnt g tvakties aBefiorar 4 e§leatyatonyger g¢onr aF €odesiligbl y
obt ai ned . In the signal processing nethod and the signal processing
appar atlswastiekl tst watted theFbGes&ntt hevenbriani as webdciti.es which are
generated in the nmeasurenment tubes 2 and 3 and output fromthe vibration
vel ocity sen$®IG7 14 bhel gasetwherarbhedimeasin efentttrubeag2s apdva raee
vibrated by the vibrator 6 are converted into frequencies by the frequency
conver skoansecbirop183, randmthe rf requenebesdobhairned hy.frequency conversion

by the frequency conversion section 85 are controlled to constant

frequencies. [F1G. 15] A block diagram illustrating a phase measurement
method using Fourier transform for the converter illustrated in
FIG. 14.

[FIG. 16] A block diagram illustrating a phase measurement
method using notch filters for the converter illustrated in FIG.
14.

[FIG. 17] A block diagram illustrating a phase measurement
method using band-pass filters for the converter illustrated in
FIG. 14.

[Modes for Carrying out the Invention]

[0059]

The present invention has been made so as to achieve the object
that measurement may be always performed with constant precision
and an extremely small computing processing amount even when the
temperature of the fluid to be measured changes, even when the air
bubbles are mixed into the fluid to be measured, or even when the
fluid to be measured rapidly changes from the gas to the liquid.

[Embodiment 1]
[0060]
Hereinafter, Embodiment 1 of amode for carringout the present

invention 1s described with reference to FIGS. 1 to 9.

36



[ 0066] In the conputation expression of Expression (1) , the
frequency Fc after frequency conversion is always controlled to the
constant frequency, and thus is a known val ue. Further, Fx indicates
the transm ssion frequency of the transmtter 90. Wen a val ue of the
transm ssion frequency Fx of the transmtter 90 is to be controlled to

adj ust the frequency Fc after frequency conversion to the constant
frequency, the transm ssion frequency Fxof the transmitter 90 is known as a
matter of colifSe.l W@rpltmci/@l@gl@grtamellha%mfss%ﬁ F¥EUleREYCERSHNAt he
transmtter 90 i s not known, the control cannot be perforned.

Ther ef peehogdubsdi apipd ngt theadcegdiene yt ¢-ctlaf trare fqrequienen tciomver §itén &dnd t he
transm ssion frequency Fxof the transmtter 90, which are known, into
Expresssondétrimmy gimstwit hie aignput £6r eduwepcynELNL é\d lratdmon1inequeney of
measurenent flow tube). It has been known to express a

rel ati oAsiTicn bet waen Aiyilylaidlioni perswd1Tuek ratfihow tpbei andsarbkuude
density p as follows in a case where specific constants of a density

neasur grephe devg gLl (et e NGy e Fa uy al uesstof a tised deviccey akenigndi cat ed
by "A" and "B". In other words, when the specific constants "A" and "B" of

the deyiggnfRY £, et ermned:. t becyi bration RardodnToofpthe fdow tube may
be neasured to obtain the fluid density p. [Expression 2] p=AT2+B(2) This

processhngpiSi PEfd IRy iR Feal 11 ”%Iga”@ b@ﬂ&@tkggege@é'& ngJt Ts'i%nfallu' d to

be measured in the neasurenent tubes 2 be obt ai ne

Pat ent ?ﬁpﬁf%ﬁ‘;}%?gngﬁﬂ%%%%?%%%ﬁ%%ﬁ %}8@%8%‘ Ap e e doaanese

an output signal from a transmitter illustrated in FIG. 3. FIG.
7 illustrates an output signal in a multiplier of a frequency
conversion section illustrated in FIG. 3. FIG. 8 illustrates an
output signal from the frequency conversion section illustrated
in FIG. 3. FIGS. 9 are time charts for the specific structure of
the signal processing apparatus illustrated in FIG. 3.

[0061]

In FIG. 1, when measurement tubes 2 and 3 are vibrated by a
vibrator (for example, electromagnetic oscillator) 6, vibration
velocities generated in the measurement tubes 2 and 3 are detected
by a vibration velocity sensor (for example, velocity sensor or
acceleration sensor) 70. The detected vibration velocities are
computed and processed by a vibration velocity signal computing
device 80. The vibration velocity sensor 70 corresponds to the left
velocity sensor 7 and the right velocity sensor 8 of FIG. 13.

[0062]

The vibration velocity signal computing device 80 includes
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[ 0067] FIG 2 illustrates the specific structure of the signa
processi ng apparatus illustrated in FIG 1. In FIG 2, a left

pi ck-of f (LPO) / (corresponding to left velocity sensor 7) is connected to
a lowpass filter 30. That is, during vibration using the vibrator 6, when
a detection signal of a vibration velocity (outlet-side velocity signal)
which is generated on the left side of the neasurenent tubes 2 and 3 is
detected by the left pick-off 7, the detection signal of the vibration

vel oci & yE¥emie¢eEY stelev st bei t5e & gral9o /i & itdpastid teffe owapass Pheser 30.
The |l owpass filter 30 is a circuit for extracting, through a frequency
filterdidhéyeactomedisegaenny beftivel Beity signal (outlet-side velocity
signal) fromthe left velocity signal (outlet-side velocity signal) output
fromthe | ef Thyelforiduensensoonvedel ect isegttilven vBbr atddioned ofregugenegr at ed
on the left side of the neasurenent tubes 2 and 3 in the case where the
measur eseiiers ubrsor? @ v3 bake ivnbirattediby ekheh vehratorgeme 20068lin the  The
| ow-pass filter 30 is connected to an A/D converter 31. The A/ D converter
31 conyestsrihent ettbyel DCAdy Signialddeuidet 151 daevelibebtyonl gaabriwki ch is
t he anal og signal output fromthe |owpass filter 30 into a digital signal

The | eftnygloghtynsh o () Blnsi e M HU hSignal) vobt-airedpgsthhe
digital signal by the AID converter 31 is input to a signal processing

appar at us, 100, ¢ . .ABigE%ﬁHhﬁﬁntﬁQ%réhgﬁﬁth&ﬁﬁﬁ§§hﬂ@u@gﬂﬁgﬁéE§e%ggnhgo

connected to the Al onverter 31. The signal processing apparatus 1

freque§8¥§8ggygﬁtgegggohngﬁt signal (outlet-side velocity signal) into a
desire réquency processed by a phase neasurenent unit located in a

subsequent s e and rforns the phase sur nt. .after fr ncy
converston, - LB08e SedrBR e e Rl PF Rl AR R Bhe S whr B ERHER e
phase neasurenent. J i ck-of f  (RPO)
8

0069 . On the other ha a right
(cor PERFBRAT R S TRGhE VT DAPEY SEndol BJoPe DoraePée Pooaor ReBbss
Piiter s In%s o2 N4 N9 YEDLALLO NG L 08 HPEAL Qe By WBED 2 IR, ECt T O

section 85. The phase difference measurement section 95 performs
A/D conversion on respective velocity signals from the vibration
velocity sensor 70, to therebyperformdigital conversionprocessing,
and then obtains a phase difference therebetween.

[0063]

In the signal processing method and apparatus illustrated in
FIG. 1, the input signals are subjected to the frequency conversion
tocontrol the frequenciesafter the frequency conversiontoconstant
values, and the phase measurement is performed after the frequency
conversion. Therefore, a filter processing apparatus capable of
performing high-speed, <constant, and high-precision phase
measurement even when the frequencies of the input signals change

is realized.

That is, in the signal processing method and the apparatus
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signal of a vibration velocity (inlet-side velocity signal) which is
generated on the right side of the neasurenent tubes 2 and 3 is detected by
the right pick-off 8, the detection signal of the vibration velocity
(inlet-side velocity signal) is input to the |ow pass filter 34. The
| ow-pass filter 34 is a circuit for extracting, through a frequency filter,
only a lowfrequency right velocity signal (inlet-side velocity signal)
fromthe right velocity signal (inlet-side velocity signal) output fromthe
ri ght 9el eei tylyshseied8 det EE6Gi-ng .t RapuitbEgEcvsNEdlesciFty généhat é8PoH t he
right side of the neasurenent tubes 2 and 3 in the case where the

measur efgnt lsubesn 2hand B3 adrienvvdlat edy sgntslee X0 bndtagr 0@t pi0@7@uency  The
| ow-pass filter 34 is connected to an A/D converter 35. The A/ D converter
35 convErds thketraghhivekocdd ypreignat 116l néetbysttde et @odrtyy siogivalrs iwhi ch i s
t he anal og signal output fromthe |Iowpass filter 34 into a digital signal
Furt hegecthenss Yhalader osessbbgaapparaidisd100e + sncospE Eth the shgnAllll,
converter 35. The signal processing apparatus 100 frequency-converts the

i nput  shenahe (d A edmSi e @l 961 dynSEENBEY dNtBad €drsifednideguencyter
processed by the phase neasurenent unit |ocated in the subsequent stage and

perforpgct he JeasHremeAbrafd el ERRstRRGUENSY SONVES SEOR: 8P &% O
shift the input frequency band and realize stabl e phase neasurenent. [0071]

The A e-eanuarliel Blohs PONEGhad Bl JILRAUERCY CONYATS 08 SeellAn 10
The frequency conversion section 110 frequency-converts the digital signal
of the_l| V, i i | et.-si | oci ty .Si )0 t. £r t he
A D comderter st et apl R St S R b R T S S YT
process%g bytk%efpha%e %ea%ur%%eggo%nit | ocated in the subsequent stage.
Furt hef'| “Che "AFC ¢Sl ter “55V°¢ “¢Giriect ed to a frequency conversion
section 140. EBE frequency conversion section 140 frequency-converts the
di gi tal signé £t he right velocity signal (inlet-side velocity signal)

output fromthe A/D converter 35 and then input thereto, into the d%§ired
frequency in"fRE SHAE ﬁa%@ﬁc%%r%lejs%r%woo%@d%véonsmnt' substantially

error-free, and high-speed computation may be realized without
providing a large number of filters corresponding to input
frequencies and performing any complicated processing such as
changing of a computing method.
[Expression 1]

Fc=FX+FIN (or Fc=FX-FIN) (1)

In the computation expression of Expression (1), Fc indicates
a frequency after frequency conversion, Fiy indicates an input
frequency (vibration frequency of measurement flow tube), and Fy
indicates a transmission frequency of the transmitter.

[0065]

A method of obtaining a density of the fluid to be measured
is described.

When the density is to be measured, it is necessary to measure
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[ 0072] Further, a signal froma transmtter 120 is input to the
frequency conversion section 110. Wen the signal output fromthe
transmtter 120 is input to the frequency conversion section 110, the
frequency conversion section 110 frequency-converts the input signal
(outlet-side velocity signal) input fromthe left pick-off 7 based on the
signal output fromthe transmtter 120. A signal obtained by
frequency conversion by the frequency conversion section 110 is converted
i nto avdesytedn domstumitc faeqlicnty nspgHarMBas ddlors Ehendut-puthsrgharef rom
the transmtter 120. [0073] Further, a signal fromthe transmtter
120 i sfatégoehnpue e sthaf frefuegeyncynversiren osectd s 14001 Ywehaihedsi gnal
output from the transmtter 120 is input to the frequency conversion
section 140, Ithehéretigeatypeongesshgonmsebbdoand40héer equeatypconeestisgt he

i nput signal (inlet-side velocity signal) input fromthe right pick-off 8
based @pphhetskonalilqutsputa ot hes t ngnshet ¢ B5rd20on velocitAes ghakh
obt ai ned by frequency conversion by the frequency conversion section 140 is
converted d&iora: d@sid edeCABStanbnbhequersy BSiagnal hHasedput Fecautput
signal fromthe transmtter 120. [0074] When the transmtter 120 is

controll gd-asodescribed, abover asid anthe: &as@0k the ridequenmhcenyessi on
section 110, also in the frequency conversion section 140, the frequency

obt ai ngd, af tey, et FOLALAG, REfTRAUANCY cCONYBESLAR caf 1 A shbghbnyekaci ty
signal (inlet-side velocity signal) 1nput fromthe A/'D converter 35 is

contropkatd 0208ty e VSRR, LOs 07 o1 0g8330d Yo Gudilans, BBRaYLEmEN!

unit 1 ocate subseque be, based on t ut put frequency

OUtpUtb;rﬁgg&£§hé§%§5¥9é§§¥6n1%9'the frequency conversion section 85 are

controlled to constant freguencies.

[0066]

In the computation expression of Expression (1), the frequency
Fc after frequency conversion is always controlled to the constant
frequency, and thus is a known value.

Further, Fy indicates the transmission frequéncy of the
transmitter 90. When a value of the transmission frequency Fyx of
the transmitter 90 is to be controlled to adjust the frequency Fc
after frequency conversion to the constant frequency, the
transmission frequency Fx of the transmitter 90 is known as a matter
of course. When the value of the transmission frequency Fx of the
transmitter 90 is not known, the control cannot be performed.

Therefore, substituting the frequency Fc after frequency
conversion and the transmission frequency Fy of the transmitter 90,
which are known, into Expression (1) may yield the input frequency

Fiv (vibration frequency of measurement flow tube).
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[ 0075] The input frequency of the left velocity signal (outlet-side
vel ocity signal) which is output fromthe A/D converter 31 and input to the
frequency conversion section 110 and the input frequency of the right
velocity signal (inlet-side velocity signal) which is output fromthe A D
converter 35 and input to the frequency conversion section 140 are

si mul t aneousl y subjected to frequency conversion and input to the phase

di fference nmeasurenent unit 130 to perform phase difference neasurenent.
Wien such a sErac een kaowimpt @pERreascordl agleosthp Lednisedi awpbrathen nput
frequencies (left velocity signal and right velocity signal) are

si mul t aprsodadl § ebrivérlced tiuhtoantea delsi rediergduency sbandsow Thier ef orese even
when the input frequencies (left velocity signal and right velocity signal)
changeyhthe fihwasef easusépent @f acksss gy icegueray nitsdat way § 1setl ubd ng
constant value to significantly reduce the nunber of filter tables. In

addi t i epectiiecphasecpeas uremenie pracessiendnaay abednorye rf feed i'ely In

per f or med. According to an effect of the present invention, constant,
subst aBthakl yo eas prufdreencangdebi ghesperd: eoputat izermay "ber real iszed ce t hout
providing a |l arge nunber of filters corresponding to input frequencies and

peffOfﬂbgbbéﬂyegéﬁ@iﬁ@@te@h@“ﬂﬁﬁ%ﬁhﬁgl%HﬁhxﬁﬁTTB% ehangeoRfe die eyt i ng
met hod edl ess to say, the processing of the phase neasurenent Section

may beppgali-czed e%en ysi reaeaf%%ar%?ls&y'er transform (OFT) or a fast
Fourier transform (FFT). [O ock signal is input froma clock

150 tokh AEQ canyerter 31 and the AID converter 35. The cl ock 150

[E3BE §!
synchroni zes e dlgltal signal of the left velocity signal output fromthe
Al D converter z digital signal of the right velocity signal output
fromthe AIDPconverter 5 to realize sinmultaneous sanpling. The

f t 110, .the t tt 1 th di.ff
roasur SRR CUREESE309 € hebFF SUERRY Rorver of B SHLT dlf 140, Hnd TRE 61 ook

150 are |nclu d.int e SI nal processing apparatus 10
9?u1d to asurg in thegkeig)rement tubes 2 ané 3 may

be obtained.

Note that the detailed density computation expression is
described in Japanese Patent Application No. 2001-34989 (JP
2002-243613 A).

[0067]

FIG. 2 illustrates the specific structure of the signal
processing apparatus illustrated in FIG. 1.

In FIG. 2, a left pick-off (LPO) 7 (corresponding to left
velocity sensor 7) is connected to a low-pass filter 30. That is,
during vibration using the vibrator 6, when a detection signal of
a vibration velocity (outlet-side wvelocity signal) which is
generatedon the left side of themeasurement tubes 2 and 3 is detected
by theleft pick-off 7, thedetectionsignal of the vibrationvelocity

(outlet-side velocity signal) is input to the low-pass filter 30.
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The respective input signals (left velocity signal and right velocity
signal) which are the digital signals obtained by conversion by the A/D
converters 31 and 35 as described above are subjected to the frequency
conversion by the frequency conversion sections 110 and 140 based on the

output signal fromthe transmtter 120. [0078] Next, a specific
conputi ng net hod of phase difference neasurenent conputation in the signa
processi ng apparatus 100 illustrated in FIG 2 is described. When

t he measur enBhe leibesaPs dnid markd vishe atBacbit thar wixbraceing ot haotehi ol i s
flowmeter 1, the output signals (left velocity signal and right velocity

si gnal 3 firemueheyviforldtdaon detecti dewdnsoue?@y( | efit prekeoofty7sapdani ght
pi ck-of f 8) provided in the nmeasurenent tubes 2 and 3 are obtained as input
si gnal soof1thesiPO® (tefdcipicksdlhal) afidot he HRPOL €L ghte Jpick=yof Ei8haas
illustrated in FIG 2. In this case, the input signals of the LPO
and t heoRPO=areidefvdiesk asy fsalgnews 6a8ppuph@sen dihkf ee ence: hetwserehBOrand
RPO . [Expression 3] Right pick-off : sin (0)(3) [Expression 4] Left

pi ck- ofif qet 8£P148§+093 (HbIOOTOL velocity henomdiud i anal g (drefsti qeebeci ty

signal LPO and right velocity signal O fromthe two vibration velocity
sensor gnl RELsR-ekeREf tubes 2 and 3 in the case where the measurement

tubes 2 and 3 are vibrated by the vibrator 6.

[0068]

The low-pass filter 30 is connected to an A/D converter 31.
The A/D converter 31 converts the left velocity signal (outlet-side
velocity signal) which is the analog signal output from the low-pass
filter 30 into a digital signal. The left velocity signal
(outlet-side velocity signal) obtained as the digital signal by
the A/D converter 31 1s input to a signal processing apparatus 100.

Further, the signal processing apparatus 100 is connected to
the A/D converter 31. The signal processing apparatus 100
frequency-converts the input signal (outlet-side velocity signal)
intoadesired frequencyprocessedbyaphasemeasurement unit located
in a subsequent stage and performs the phase measurement after the
frequency conversion, so as to shift the input frequency band and
realize stable phase measurement.

[C069]

On the other hand, a right pick-off (RPO) 8 (corresponding
to right velocity sensor 8) is connected to a low-pass filter 34.

That is, during vibration using the vibrator 6, when a detection
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7 and the right pick-off 8) are converted fromthe analog signals into the
digital signals by the A/D converters 31 and 35 through the | ow pass
filters 30 and 34 provided in the converter of the Coriolis flowreter 1,
respectively, and then transferred to the signal processing apparatus 100.
As descri bed above, the signal processing apparatus 100 is divided into
four blocks including the frequency conversion section 110, the transmtter
120, the phase difference nmeasurenent section 130, and the frequency

conver 8l ghaseefidibgat iRpHasecditif ékeheb-pelacenl Q¢ vrisina 18i ghakhLPO
fromthe left pick-off 7 and the output signal RPO fromthe right pick-off
8 i s comapueedraaad thehheomightedidat ofatheowepatisesieghaltubased endt ke
frequencies output fromthe vibration velocity sensors and tenperature data
det ect ed Oytactedpeyatiue ers@msqri®k-off 8, ot eldtlatt itdre stiempér atfukke
measurenent is not described in the draw ng. [0080] The conversion
frequencyrout put vetomithe (fihegquescyiecorVOLSitgN ssgakbilon 1510@npbstohbaiched by
addi ng ( or subtracting) an output frequency eXn output fromthe
transnmbiepadd0rioteer 3tron) an input signal frequency O output in a case
where the left velocity signal (outlet-side velocity signal) which is

detected by the 1&ftpRsskeoffek |Rf ti svgl OCHEY: BeNsOIkth RN Xt tachbednas a
| ow frequency signal by the Iowpass filter 30 is converted into the

digi tal si-gaaknly the ALD convert ef 3lerequency ASgHESGENBEdgbAYEL W th
respect to the input signal frequency which i s output fromthe frequency

ion_sect| i tq the_ph ' . th
conver 3t gacpection M0, ANd | mauLh9  BeoRhase MasHEeEnioS6S! | 00c130. (he

i nput signal frequency ich7is the | eft ve ity signa

(outl et-side vel.oci j.gnal.). . of \th .gital signal tput fromthe A/D
Conver Lo 88 PR tod A T o P B T P Bl o 55886 on ¢ ne
out put .frequency eXn output fromthe transmtter 120 in the frequenc
Conver &1 BR-Sect 1B 110, {006 o001 BHhaFBFSrE= RB §PG a9 ihicon g &
shifted in fre uency and outEut by _t he f&equency onversion section 110 and
t he sibﬁﬁlmﬁﬁﬁgﬁeWE §hiHP&d naffeduéhcy §n&a§§tﬁ%@rﬁytgﬁemﬁﬁéﬁﬁgﬁ€ﬁt
conversion section_140 having the sanme prqcessing are subjected to the
phase EHPEEI 4t PBA By2fReVpRasé SeR¥uréfeit-PLe¢Crok -130.

[0070]

The low-pass filter 34 is connected to an A/D converter 35.
The A/D converter 35 converts the right velocity signal (inlet-side
velocity signal) which is the analog signal output from the low-pass
filter 34 into a digital signal.

Further, the signal processing apparatus 100 is connected to
the A/D converter 35. The signal processing apparatus 100
frequency-converts the input signal (inlet-side velocity signal)
into a desired frequency processed by the phase measurement unit
located in the subsequent stage and performs the phase measurement
after the frequency conversion, so as to shift the input frequency
band and realize stable phase measurement.

[0071]
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[ 0082] A frequencyneasurenent value (e+eXn) output fromthe
frequency conversion section 110 is controlled so as to finally becone a
phase neasurenment frequency set value eC which is arbitrarily set.

[ Expressi on 5] eC=e+eXn(5) When the transmitter 120 is controlled so
that the frequency neasurenent value (et+eXn) input to the phase neasurenent
section 130 always becones the constant frequency eC as described above,

hi gh- speed processi ng of subsequent phase neasurenent may be achi eved.

[ 0083] ThFhe/ B raqueidie c ot 6] Caphhobedctoraiffg e tye CpRESERT ON

i nvention includes a nethod for adjusting the frequency of the transmtter
120 sos¢hatonhe dubput fr&dueencifeswfertdye fcequersyoconyeesitarnsectilons
(110 and 140) all becone equal to Cc in the condition of Expression (5),

t hat i srequéteegbackveontrohe metdiochl signal Hérehaafdfr velhe igiygrakbnal
processi ng nmethod and the signal processing apparatus according to the

enbodi nent 16t -thacpresent t y nvedioncateudesesmhets A/D convét&r 31 and
illustrates a specific structure of the signal processing apparatus

i1l usttptgdihpukl GheZetsi Nenthetheedbackeaonteghiciei/h@docessed bihensi gnal
processi ng apparatus 100 illustrated in FIG 3 perforns frequency

conver 5/, 98:0REB8LARHE Sh9RahschiBhetn apd aubkehuehdesyglecity signals)
into desired frequencies and perforns phase neasurenent after the frequency

oot o FELIERE o PATSE, TEEsuLer LA RE At Vel iy
conversion section 140. The frequency conversion section 140
frequency-converts the digital signal of the right velocity signal
(inlet-side velocity signal) output from the A/D converter 35 and
then input thereto, into the desired frequency in the same manner
as described above.

[0072]

Further, a signal from a transmitter 120 is input to the
frequency conversion section 110. When the signal output from the
transmitter 120 is input to the frequency conversion section 110,
the frequency conversion section 110 frequency-converts the input
signal (outlet-side velocity signal) input from the left pick-off
7 based on the signal output from the transmitter 120.

A signal obtained by frequency conversion by the frequency
conversionsection 110 isconvertedintoadesiredconstant frequency
signal based on the output signal from the transmitter 120.

[0073]

Further, a signal from the transmitter 120 is also input to

the frequency conversion section 140. When the signal output from
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[ 0084] In FIG 3, the AID converter 31 is connected to the
frequency conversion section 110. The frequency conversion section 110
performs frequency conversion on the digital signal of the left velocity
signal (outlet-side velocity signal) output and input fromthe A/D
converter 31. Further, the AID converter 35 is connected to the frequency
conversion section 140. The frequency conversion section 140 perforns
frequency conversion on the digital signal of the right velocity signal
(inl ettBpdergefdett§rsi ghaly TR Puttdr tTHe INED G KPEVEEs 135 &RELEREN
i nput thereto. [0085] Further, the frequency conversion section 110
i s conli#gureldesbredaenehecwigradidn graathieon rlidis Mreorentdo don viegpst thiser et o.
When signal output fromthe transmtter 120 is input to the frequency
conver snpntsecpnen 110, 1etthe ifdee guegneyl toomieyrsd on seett ohrddOtper frapms t he
frequency conversion on the input signal (outlet-side velocity signal)
i nput prom-blie Bebhspdcknothe7shased oentphe Sirgmalheutpuhstriametrhe20.
transmtter 120. The signal obtained by frequency conversion by the
frequency converghgn &eedimdd 1P fiSeqonnef teshvditd drhecemst artqlieagyency
signal based on the output signal fromthe transmtter 120. [0086 7]
conversionsection 140 is converted intoadesired constant frequency
signal based on the output signal from the transmitter 120.
[0074]
When the transmitter 120 is controlled as described above,
as in the case of the frequency conversion section 110, also in
the frequency conversion section 140, the frequency obtained after
performing the frequency conversion, of the right velocity signal
(inlet-side velocity signal) input from the A/D converter 35 is
controlled to a desired frequency to be processed by a phase
measurement unit 130 located in a subsequent stage, based on the
output frequency output from the transmitter 120.
[0075]
The input frequency of the left velocity signal (outlet-side
velocity signal) which is output from the A/D converter 31 and input
to the frequency conversion section 110 and the input frequency
of the right velocity signal (inlet-side velocity signal) which
is output from the A/D converter 35 and input to the frequency
conversion section 140 are simultaneously subjected to frequency

conversion and input to the phase difference measurement unit 130

to perform phase difference measurement.
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Further, the frequency conversion section 140 is also configured so that
the signal fromthe transmtter 120 is input thereto. Wen signal output
fromthe transmtter 120 is input to the frequency conversion section 140,
t he frequency conversion section 140 perforns the frequency conversion on
the input signal (inlet-side velocity signal) input fromthe right pick-off
8 based on the signal output fromthe transmtter 120. The signal obtained

by frequenc% conversion by the frequency_ conversion section 140 is
converted i WEeRBHEDCORET AREUF B eGUEIRYP ST YnaFrCBaseaId thes 6BPpUEMeNEna
fromthe transmtter 120. [0087] When the control is nmade by the
nodul ataBl enPrandicarenci2s ds eddscrdlssd Wboveanahsai@ Fhehtagelefithe
frequency conversion section 110, the frequency conversion section 140 al so
perf orasonheé) f eeguencyltoneernsivgncbasedten thécouhputefieqdehcygaoatput from
the transmtter 120. [0088] An out put end of the frequency
converksaondssecthiemne Ade | swonwaehedht ol et fireguencyi areddefenerfosetti on
160 and the phase difference neasurenent section 130. The frequency

measur eigntl sentli engh60vakasutessthaadut pubnfeequarcyhabtainredubbymbnequency
conversion by the frequency conversion section 110. The frequency

conver sroBesechhont ddfudiscgonnreckedalye ther phaseadi Ebesence neasy ement
uni t 130. The frequencyneasurenent section 1 60 nmeasures an out put

si gnal sf geguensy+ { QGrekQXaheahid nedbyr adde NG (Al sSUbt hagid Ndod heneut put
frequency OXn output fromthe transmtter 120 to (or from the input signa

freque?ggsg HQ&@hB@HeQ% ﬁ?BM@EEhH@ metBetR%rQ'QEE@Et§bQ@? eR¥othesAl D
conver | ow frequency | éft velocity signal (out eP side velocity

si gnal ) “h'cﬂcﬁér?§§§cﬁgd§g %%%4é¥toﬂ“ﬂﬂé orle %'%Tanw%h%ﬁbhy $6ASPLhc/ and

extracted by t pass er 30, int requency conversion section
110. [Qggglantlallyerror—free,andhlgh—speedcomputatlonmaybereallzed

without providing a large number of filters corresponding to input
frequencies and performing any complicated processing such as the
change of the computing method. Needless to say, the processing
of the phasemeasurement sectionmaybe realizedevenusingadiscrete
Fourier transform (DFT) or a fast Fourier transform (FFT).

[0076]

A clock signal is input from a clock 150 to the A/D converter
31 and the A/D converter 35. The clock 150 synchronizes the digital
signal of the left velocity signal output from the A/D converter
31 and the digital signal of the right velocity signal output from
the A/D converter 35 to realize simultaneous sampling.

The frequency conversion section 110, the transmitter 120,
the phase difference measurement unit 130, the frequency conversion
section 140, and the clock 150 are included in the signal processing

apparatus 100.
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The frequency nmeasurenent val ue neasured by the frequency neasurenent
section 160 is output to the transmtter 120. Wen the neasurenent val ue of
t he out put signal frequency (0Cn=0+0Xn) output fromthe frequency
measurenent section 160 is input to the transmtter 120, the predeterm ned
frequency signal (0Xn) is transmtted based on the measurenment val ue of the
out put signal frequency (00n=0+0Xn) and output fromthe transmtter 120 to
t he frequencY conversion sections 110 and 140. In the feedback | oop
which startsl@?’t{he frequency conversion section 110, passes through the
frequency neasurenent section 160 and the transmtter 120, and returns to

t he frequencyheoirarsstioisdepiugns190als hel it pet ortégqueheya brsut 18R6ém t he
transmtter 120 is added to or subtracted fromthe input frequency of the

| ef t vetbertiyysiigmall)(wWutdletrsitde defbedl pighghalobtaymed by opnvhesAPD
converter 31 by the frequency conversion section 110, to performthe
frequebgyticon¥eb stamvent¢he 3T equenty acomearcsiigrds ebbiven at&0supfee0kd

The conversion frequency output fromthe frequency conversion section 140

i S obt abnede bfyr etk Mgy (@snsed T@ctd nghe e couteputy toegeerdynOXacaubpst from
the transmtter 120 to (or fron) the input signal frequency (0+69) obtai ned
by convepsiea 0iothessd gt el egitdpntSignalal( ifdet +siede reelsagictyrsiignal )
which is detected by the right pick-off (right velocity sensor) 8 and
extracted aspgohoyfrequency signal by the | owpass filter 34 into the
digital signal by the AID converter 35. As descri bed above, with
respect to tfe.inpyl shanal;trequency; ¥ G dr PULPULHL QM bhe rhrequency
conversion section 140 and i nput to the phase measurenent section 130, the
i nput Sj u i i o Y. Fi | g@int y
signalﬁ%?%?g?&éﬁge%§§¥gggﬁggéigmI %ﬁsééé?%i%?%%?ggﬁgﬁaﬁbgg?%ﬁﬁgf?g81the

na
Al D conyerter is_shifted i.n fir e to anot her frequency band based on
t he ou%%gPS F%g%gn%? E;E'OgtﬁﬁtdF%%%%E%ﬁ'transnitter 120 in the frequency

conver si on secti 140. [0091 Wien,the transmtter, 120.i s

control |l ed a@ﬁagggF?%%ﬁsg5893$t§§ﬂ¥ﬁs?ﬁ%mggéﬁx%Yl?ﬁ%g1é%ﬁﬁgﬁ%ylég V&f'si on
section 110, also .in_the frequency conversion section 140, the frequenc
Comver BicTns GO TR A BEEE onC ARG vt PP e is e SkaL 8t U C LG t he
transmtter 120. The nodul atable transmtter 120 .is controlled in

frequefBy G5PRE THECTETY -l C&IPRUIFEEI BRPERX b 88 sf ot Als! e stG1H5ed ‘dhove.

0092
[ ](left pick-off 7 and right pick-off 8) provided in the measurement

tubes 2 and 3 are obtained as input signals of the LPO (left pick-ocff
7) and the RPO (right pick-off 8) as illustrated in FIG. 2.

In this case, the input signals of the LPO and the RPO are
defined as follows (d¢: phase difference between LPO and RPO).
[Expression 3]

Right pick-off: sin(©) (3)
[Expression 4]
Left pick-off: sin(6+d¢) (4)
[0079]
The output signals (left velocitysignal LPO and right velocity

signal RPO) from the two vibration velocity sensors (left pick-off

47



Further, the frequency conversion section 110 is connected to the phase

di fference neasurenent unit 130. Further, the frequency conversion section
140 is connected to the phase difference nmeasurenent unit 130. In

t he phase difference neasurenent unit 130, each of the
frequencyCott hel eftvel ocitysignal (outlet-side velocity signal) which is
output fromthe AID converter 31 and input to the frequency conversion
section 110 and the frequen%%M%8+59) of the right velocity signal

(i nl et /sp@e Vet ocidir Sighalof fnki cRrPsCott ptefr bfem® Hé ArRD ¢SV ERE8R 185 and
input to the frequency conversion section 140 is converted into the sane
const ahﬁtée§h?e@iﬂiéqﬁeﬁéyfﬂai% bertlor i /phase i ffearende amgasar érsatgh] 0093]
When such a structure is enployed, according to this enbodi nent, the input
frequehbeedoptebssvélidtietry Slgnakd addprioghtiedeliocithy siogmelr);ear efcoheert ed
into the desired frequency bands. Therefore, the frequency bands of the

i nput €peduoénei €3opwhetervel ocekpesitgnall yandntl ghenvelracistty reiegnalo) taee
shifted, and the nunber of filter tables is significantly reduced . In

addi ti engnhheppbase sArasupeaRAt upr Q0OSSi Ng may be nore effectively

per f or med. According to an effect of the present invention

constant, suhstastcabbydespovefrege anchdu Prapead cpupdatdumay e s
realized without providing a | arge nunber of filters corresponding to input
frequepeci,egcanth Rerbarm Ng-1anY nea Bl heat 8l rRLeeesshNGosHehs Asy heghange of
the conputing nmethod. Needl ess to say, the processing of the phase

measur ety SEGLI-on YRy e bgal ﬂ}?@%h%‘é%ndF:?EQQ AodiREI SLEAAN Leehianst of m
(DFT) or a fast Fourier transform (FFT). 0094f The clock signal is
i nput m 0 - vert.e and,t - ter 35.
The C|2§Erf%%§§§%z§?g#?§g§9f%@ﬁgﬁ%%%§§q%<ﬁ%ﬁ§1iﬁ 'co% erf%%gé%%gég%f%e Al D
converter 35 d thus has. an | rtant . function.for elimnating a, sanpling
error %81?\%%8%8% e’ :’é flttaﬁ’l Iilagingﬁgoér?%gklee%%%gll&i toéfsﬁﬁﬁgilt%%toﬁﬁ Y1 om

the Algignal RPO from the right pick-off 8 is computed, and then converted

into a flow rate signal based on the frequencies output from the
vibration velocity sensors and temperature data detected by a
temperature sensor 9.

Note that the temperature measurement is not described in the
drawing.

[0080]

The conversion frequency output from the frequency conversion
sectionll0isobtainedbyadding (or subtracting) anoutput frequency
6Xn output from the transmitter 120 to (or from) an input signal
frequency © output in a case where the left velocity signal
(outlet-side velocity signal) which is detected by the left pick-off
(left velocity sensor) 7 and extracted as a low-frequency signal
by the low-pass filter 30 is converted into the digital signal by

the A/D converter 31.
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converter 31 and the digital signal of the right velocity signal output
fromthe Alc converter 35. The respective input signals (left
velocity signal and right velocity signal ) which are the digital signals
obt ai ned by conversion by the A/c converters 31 and 35 as descri bed above
are subjected to the frequency conversion by the frequency conversion
sections 110 and 140 based on the output signal fromthe transmtter 120.

[ 0095] Next, a specific phase difference nmeasurenent conputation
in the signalsplescasdiathzappar atis 19P¢FT Gt 2t earih P12 BIFrsIH8EEYi bed.
Her ei nafter, phase neasurenent based on a sum conponent signal of a

nmodul avhoahcohposiue fr@qdénrﬁreguéé§yr¢qnﬂﬁrsion-SeCtﬁ@nohf%avmfﬂéauéncy of
t he frequency conversion section 110 is neasured by the frequency

measur eoente seitd s@©mds0urdhent reasmiesilol f regueneytobighe 1t fangnenter 120

is controll ed based on the neasured val ue. In the signal processing
appar abughlef, itsheheutipu-freguency oift heefoeguensygoehvépstdnrtsedtieon 110
i s neasured by the frequency neasurenent section 160. [0096] In an

initiabesbatey digout pattisd gagh t8Xns 0fnd heutpanstid ehe 2D conret-teut put

fromthe transmtter 120, and hence an initial output signal OXO fromthe

transmgtt es 320 i &g exPrressee s, kol havwshe L EXpE§s8hOP ¥nd based on the
output frequency 6Xn output fromthe transmitter 120 in the frequency
conversion section 110.

[0081]

Therefore, the signal which is shifted in frequency and output
by the frequency conversion section 110 and the signal which is
shifted in frequency and output by the frequency conversion section
140 having the same processing are subjected to the phase calculation
by the phase measurement section 130.

[0082]

A frequencymeasurement value (6+6Xn) output fromthe frequency
conversion section 110 is controlled so as to finally become a phase
measurement frequency set value 6C which is arbitrarily set.
[Expression 5]
9C=0+6Xn (5)

When the transmitter 120 is controlled so that the frequency
measurement value (6+6Xn) input to the phase measurement section
130 always becomes the constant frequency 6C as described above,
high-speed processing of subsequent phase measurement may be

achieved.
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OXO=0( 6) Therefore, with respect to the flow rate signal LPO which
is the output signal (left velocity signal) output fronthe left pick-off 7
provi ded for the measurenent tubes 2 and 3 in the case where the
measurenent tubes 2 and 3 are vibrated by the vibrator 6 of the Coriolis
flowmeter 1, a sum conponent frequency of a frequency to be frequency
nodul at ed may be expressed by "(e+9Xn)". In a case of exXn=8X0, the out put
signal frequency of the frequency converter 110 is expressed as follows
based on Expf€888dn (6). [Expression 7] Oco=8+8X0=8(7) Thus, an initial
measurenent frequency is activated based on the LPO signal frequency 8.

[ 0097] Thad regtupatc ysigrato @ t irdacthe dingrisnihe pres@otiinvgngéen fir st
step is conpared with the initial neasurenent frequency such that (phase
nmeasur enehtidksegueatyo80jor {diasigetg frieguerncyuaety vdl dde) treosst tAsr
expressed by the follow ng Expression (8), OX1 is determ ned such that the
di ff er enoe sbeaones die Quigut Sighadbnofes heft tansdirktieentf0.cofversion
transmtter frequency OX1 is obtained as follows. [Expression 8]

8X1=0Cs@(8) ons (110VWea 14®) tyanydddney cfequencyc8Xd ihe tdwndiivisin stfep is
obt ai ned, OC=const.
Expression (5), that is, a feedback control method.

Hereinafter, the signal processing method and the signal
processing apparatus according to the embodiment of the present
invention are described.

FIG. 3 illustrates a specific structure of the signal
processing apparatus illustratedin FIG. 2using the feedback control
method.

The signal processing apparatus 100 illustrated in FIG. 3
performs frequency conversion on the input signals (inlet- and
outlet-side velocity signals) into desired frequencies and performs
phase measurement after the frequency conversion, and hence stable
phase measurement may be achieved without taking input frequency
bands into account.

[0084]

In FIG. 3, the A/D converter 31 is connected to the frequency
conversion section 110. The frequency conversion section 110
performs frequency conversion on the digital signal of the left
velocity signal (outlet-side velocity signal) output and input from
the A/D converter 31.

Further, the A/D converter 35 is connected to the frequency
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An out put signal frequency O the frequency conversion section 110 which is
to be set for an output signal 9X2 fromthe transmtter 120 in a next step
i s expressed as foll ows. [Expression 9] 8+8X1-0C1(9) [00981

Therefore, the output signal GX2 fromthe transmtter 120 in the next step
I s expressed as foll ows based on Expression (8). [Expression 10]

GX2=0X1+0C- (0+0X1) (10) [0099] When t he operation described above is
repeated, the following is obtained. [Expression 11]
conversion section 140. The frequency conversion section 140

performs frequency conversion on the digital signal of the right
velocity signal (inlet-side velocity signal) output from the A/D
converter 35 and then input thereto.

[0085]

Further, the frequency conversion section 110 is configured
so that the signal from the transmitter 120 is input thereto. When
signal output from the transmitter 120 is input to the frequency
conversion section 110, the frequency conversion section 110
performs the frequency conversion on the input signal (outlet-side
velocity signal) input from the left pick-off 7 based on the signal
output from the transmitter 120.

The signal obtained by frequency conversion by the frequency
conversion section 110 is converted into the constant frequency
signal based on the output signal from the transmitter 120.

[0086

Further, the frequency conversion section 140 1is also
configured so that the signal from the transmitter 120 1s input
thereto. When signal output from the transmitter 120 is input to
the frequency conversion section 140, the frequency conversion
section 140 performs the frequency conversion on the input signal
(inlet-side velocity signal) input from the right pick-off 8 based
on the signal output from the transmitter 120.

The signal obtained by frequency conversion by the frequency
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643=X2+9c- 09+8X2) O0A- 4- 0A- 3+00- (0+0x3) 0X11l-=XPE-1 -Fec-(00xn_i) [0100]
When the output frequency OXn fromthe transmtter 120 is controlled based
on a real -tinme processing clock of the clock 150 as descri bed above,

exn. ----0Xn-1. Therefore, the output signal frequency (O FOXn) of
the frequency conversion section 110 is finally expressed as follows.
[ Expression 12] eC=e+eXn(12) Thus, hi gh-speed processing of subsequent

phase measurenment nay be achi eved using Expression (12) in time series
processomgerfdniljection 140 ihecbowephss inteeih80cPnbbghtaf eddvaNFYG 3,
when a harnonic noise is renoved to elimnate the influence of aliasing in
Al c cosvegnsiobasadsonetlségoatp(si agynas frbusthat edanamErGr4li8. out put .

[0087]

When the control is made by the modulatable transmitter 120
as described above, as in the case of the frequency conversion section
110, the frequency conversion section 140 alsoperforms the frequency
conversion based on the output frequency output from the transmitter
120.

[0088]

An output end of the frequency conversion section 110 is
connected to the frequency measurement section 160 and the phase
difference measurement section 130. The frequency measurement
section 160 measures the output frequency obtained by frequency
conversion by the frequency conversion section 110.

The frequency conversion section 140 is connected to the phase
difference measurement unit 130.

The frequencymeasurement sectionl60measuresanoutput signal
frequency (6Cn=6+6Xn) obtainedby adding (or subtracting) the output
frequency 6Xn output from the transmitter 120 to (or from) the input
signal frequency © obtained by converting, into the digital signal,
by the A/D converter 31, the low-frequency left velocity signal
(outlet-side velocity signal) which is detected by the left pick-off
(left velocity sensor) 7 and extracted by the low-pass filter 30,

in the frequency conversion section 110.

[0089]
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The sine signal (sine) output fromthe |owpass filter 30 as illustrated in
FIG 4 is sanpled for digital signal conversion at an arbitrary constant
interval by the A/D converter 31 to obtain a sanpling signal (sine) as
illustrated in FIG 5, and then output fromthe A/D converter 31. [0102]
The signal (sine) as illustrated in FIG 5, which is output fromthe
low-pass filter 30 and sanpled for digital signal conversion by the A/D
converter 31, is input to the frequency conversion section 110 of the

si gnal proce@@?nérﬁﬁB§P§Vu§ei99f?WPU§tVéﬂéé MRappeed3bYFGPehéreagency
transmtter output signal output fromthe transmtter 120 is input to the

f requeneysesAvensi Prctsedt ileR 13@utput to ek rehenmidsyr eAknt Weduéhef t he
out put signal frequency (eCn=e+eXn) output fromthe frequency neasurenent
sect i omed80remenhpal uotfhehd panpmicts eyndR @ retthentyafEin st f cegpeancy
signal (eXn) of the transmtter 120 is transmtted at a desired frequency
based 6nomhéentasyremenineyalinemofit tshe tdutnpld0 $&dnattfreguencynsedntet+eXn) ,
and a cosine signal (coseXn) as illustrated in FIG 6 is output at the
sane t[120$Mssivardeticpiti neal eragueheysaipld ng oixmtef yad raafsidec ddputesi gnal
in the AID converter 31. [0103] When t he out put signal (cosOXn) from

the trapsiAd kieksh2@mks ti MPULe & the JUQAHEBE YN EONVES i it gBhes +bke:)
t he frequency conversion section 110, the signal (sine) as |IIustrated |n

FI G S5gnuhbgbpls %@69'%HefQEaQB&hE@ErSUgﬂanCQﬂ%e&§%%ﬂeQ£ytQ%n%@@sﬁ%%verter
31, is nultlpFled by the output signal (cosOXn) output fromthe transmtter
120 asgibllushtated LagFh@y 6 (sinexcoseXn) byanultiplier provided in the
frequency converS|on section 110, to thereby obtain a signal (si nexcosOXn)

as 1 hustrated ik BLGulos 1oop it SLODRL Lot nexcositlcas st ed 1 n

FIG 7, mhlc talne tiplication ('sinexcos e multipli
prOV|ded n yenc Qnversion section 110 asses thro h a,
hi gh- pass!C tg%é( gtﬁl&éﬁh 5 thg %aa%%&%é%%nver5|on section flo to

remove _a | ow frequenc 0 ent, to thereb in a signal (sin0C) as

|11 ust PAfeERP ?‘fm‘s%lterﬁg{)&]gn%rﬁd(%%‘b%}s 220 Tt Bt cerdietg g

out put fron1th uenc conversion section 110 and i nput to the frequency
Stbort Gt

measur 8REAt8e & He SPNESEYd PRFBHENE E e ESTIr T 1

0104
[ ]1saddedtoorsubtractedfromthe1nputfrequencyoftheleftveloc1ty

signal (outlet-side velocity signal) input from the A/D converter
31 by the frequency conversion section 110, to perform the frequency
conversion in the frequency conversion section 110.

[0090]

The conversion frequency output from the frequency conversion
section 140 is obtained by adding (or subtracting) the output
frequency 6Xn output from the transmitter 120 to (or from) the input
signal frequency (6+d¢) obtained by conversion of the right velocity
signal (inlet-side velocity signal) which is detected by the right
pick-off (right velocity sensor) 8 and extracted as a low-frequency
signal by the low-pass filter 34 into the digital signal by the

A/D converter 35.
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The phase difference between the output signals ( left velocity signal and
right velocity signal) fromthe vibration velocity sensor 70 (left pick-off
7 and right pick-off 8) provided in the neasurenent tubes 2 and 3 in the
case where the neasurenent tubes 2 and 3 are vibrated by the vibrator 6 of
the Coriolis flowmeter 1 is conputed by the four blocks including the
frequency conversion sections 110 and 140, the transmtter 120, the phase
di fference nmeasurenment unit 130, and the frequency measurenent section 160,
i ncluded in Zm@leﬂcqnépledpam‘e%sWﬁ@halrﬁm%ﬁmwltdm Lhpustsigtred facArencs.

Then, the conputed phase difference is converted into the flow rate signal
based whithe § pegpencirsh ghal £ oagpeatcl raomitdies faregaehdpnnk4s wrehenpusect i on
160 and the tenperature data detected by the tenperature sensor 9. [0105]
Next, ab opergstdon ofadhersdrgnale pricoedsing tappanatits s160aill Eustinahed in
FIG 3 is described with reference to tine charts illustrated in FIGS. 9.
First, (bpsbheHiowm pashd LbherrdQuehbystirgtiedel ockt Gisinathenhnaebasimaai ¢
noise is renoved to elimnate the influence of aliasing in A/C conversion,

a S'nev§lQB§£y@%%E9 1)asriddugt satgd d iy 1Goudbphs HmpPUhe A/D conVieRethe
sine signal (sine) illustrated in FIG 5 is output, the sine signal (sine)

illTustgated éﬂhfgéé % Sl RUE vt 0ot BEo AL D -CRRVERE Ly Hand hebed B shanal is

sanpled for digital signal” conversion at an arbitrary constant interval by

the Athg?ﬁg%&% ué%%f Qﬁ% %tQSA?ﬁ@hb%&éﬂéﬂf%téﬁ%?@ﬁ%ﬂhu@%rbhh%ﬁE&ated

in FIG out the D converter 31 The sanpl i ng
signal _(3,08) L) UsL{88ch 5. FIG O(A). Wi oh
[0091]

When the transmitter 120 is controlled as described above,
as in the case of the frequency conversion section 110, also in
the frequency conversion section 140, the frequency conversion is
performed based on the output frequency 6Xn output from the
transmitter 120.

The modulatable transmitter 120 is controlled in frequency
using the very-simple calculation expression as described above.

[0092]

Further, the frequency conversion section 110 is connected
tothephasedifferencemeasurement unit 130. Further, the frequency
conversion section 140 1is connected to the phase difference
measurement unit 130.

In the phase difference measurement unit 130, each of the
frequency ® of the left velocity signal (outlet-sidevelocitysignal)
which is output from the A/D converter 31 and input to the frequency

conversion section 110 and the frequency (8+d¢) of the right velocity
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is output fromthe A/D converter 31, is input to the frequency conversion
section 110 of the signal processing apparatus 100 illustrated in FIG 3.
On the other hand, the frequency (0Cn=0+0Xn) signal neasured based on the
signal output fromthe frequency conversion section 110 is output fromthe
frequency neasurenent section 160 of the signal processing apparatus 100.
In the transmtter 120 to which the neasurenent val ue of the output signal
frequency (0Cn=e+0Xn) output fromthe frequency neasurenment section 160 is
i nput , sitieatiesinkdtt$adenyebdoht ¥ reigrencly WiigHall g @xvpits frpanshet £4B based
on the measurenent val ue of the output signal frequency (0Cn=0+0Xn), and a
cosi necshygaat e Y25=cosDXmpuds tiol thst f atedenay Ri@ve(B)on segitipmt 140 the sanme
transm ssion output rate as the sanpling interval of the input signal in

t he Al fogoaveetiemt3lthé @EHE constant Ween rekef cogharec gl gogle (2= ps0XRA)
illustrated in FIG 9(B) is input to the frequency conversion section 110

fromtherreansgbt hiehsd2Bmehbe cosine signal is nultiplied by the sanpling
signal (Yl-sine) illustrated in FIG 9(A), which is output fromthe A/D
converter 3l;pfsknexcosOXn) by the nmultiplier provided in the frequency
conversion section 110 to obtain a signal (Y3=sinexcosOXn) as illustrated

in FIG 9(Oyhen such a stPEc8L9BAls i3Sy &18X6080XR) ngS d thUSERBbAImEALT! G
9(C), which is obtained by nultiplication (sinOxcosexn) by the multiplier

provi dedi 8,Lhe ffr(r% BRI CONMEIER] QL SRAH PN 14021 PARgeS i bRE OYENocar

hi gh- pass ter provi de e frequency conversion section Xlo to
renmove_a | owfreq e t : I jgna =1/..2. si n0C)
A A R e St i
FIG 9 1S output .fromthe frequency conversiagn i L iLnput to
t he frégée %@q?&ﬁéﬁﬁﬁﬁﬁﬁ%oge%??6-F&§b¥5ﬁ8uFH818%aé§g§§F%%f%ﬁgéﬁgggéggenent
unit 130. [0108] . Further, in the |owpass filter 34 ill rated in
FlG 30inbROAC NP HORH £V noTaBn TS TERRRtE b o od H ridio "R T udids oo
aliasing in A/D conversion, a sine signal gsing0+4 i S out put. When
the si hEP$Pgra St EhHE 03801y FEBGLEHut , Lt REYLIEAE s P T SF AEGESEETPS i nput
to the A/D converter 35. Then, the signal is sanpled for digital signa
conver BF8REEE1AA BRNI PRalPreoRSESRt LVRter PEFIRY™ERe AI D converter 35.

According to an effect of the present invention, constant,
substantiallyerror-free, andhigh-speedcomputationmaybe realized
without providing a large number of filters corresponding to input
frequencies and performing any complicated processing such as the
change of the computing method. Needless to say, the processing
of the phase measurement sectionmaybe realized evenusingadiscrete
Fourier transform (DFT) or a fast Fourier transform (FFT).

[0094]

The clock signal is input fromthe clock 150 totheA/Dconverter
31 and the A/D converter 35. The clock 150 synchronizes the outputs
of the A/D converter 31 and the A/D converter 35 and thus has an
important function for eliminating a sampling error between the

digital signal of the left velocity signal output from the A/D
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The signal output fromthe A/C converter 35 is nmultiplied by the sanpling
signal output fromthe A/D converter 35 by a nultiplier provided in the
frequency conversion section 140 to obtain a signal. [0109] The
signal obtained by multiplication by the nultiplier provided in the
frequency conversion section 140 passes through a high-pass filter (HPF)
provided in the frequency conversion section 110 to renove a | owfrequency
conmponent, to thereby obtain a signal (Y5=1/2.sin(0C+4)) as illustrated in
FIG & veiThersdynatd (t¥o=1idisial( GG+e4)91 idfl Ger atedti HekpGlty( E}I9nslout put
fromthe frequency conversion section 110 and input to the phase

di f f erencgubeasonetrat AYni tod86rter 35. In the phase difference nmeasurenent
unit 130, a signal (Y6=6T) illustrated in FIG 9(F) is output as a phase

di ff erence 6Thbasemharn the isbgnasi§¥4rd/ Q-«itne€)lorclikyst t@atel ami FEGnt9(D),
which is output fromthe frequency conversion section 110 and input to the

phase differepes gmeasuperent renide 39t andiyhelsiograli bl £anstnbOEH6T) )
illustrated in FIG 9(E), which is output fromthe frequency conversion

secti o 140 andpi apite 0o Ehes Phase 7 fference iMRas uberRNk renktb330tel0110]
When t hé conputing interval is synchronized with the sanpling tinme as

descri pgétggoygeq%% ’ gc?gn&e% {%i%srﬁffﬁ@fferefq%re,nr&@a%%n%%%lib%r@ektﬁamsbe

i nprove the set of vibration velocity signals

(sine sin( i j,ect t Si f.ar
caIcuIZ??oﬁ?gag%gﬁ%%%%étﬁégg“?§)aE%%éfgﬁgﬁggﬁﬁﬁ%?ﬁg%e??%PS%l%ﬁg?zggpé,
accurate pha?SOgghculation may be achi eved. [Enbodi nent 2]

Next, a specific phase difference measurement computation in
the signal processing apparatus 100 illustrated in FIG. 3 1is
described.

Hereinafter, phase measurement based on a sum component signal
of a modulation composite frequency is described.

The output frequency of the frequency conversion section 110
is measured by the frequency measurement section 160. The
transmission frequency of the transmitter 120 is controlled based
on the measured value.

In the signal processing apparatus 100, the output frequency
of the frequency conversion section 110 is measured by the frequency
measurement section 160.

[0096]

In an initial state, the output signal 6Xn of the transmitter
120 is not output from the transmitter 120, and hence an initial
output signal 6X0 from the transmitter 120 is expressed as follows.

[Expression 6]
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[0111] Next, the signal processing nethod is described with
reference to the operational flow chart illustrated in FIG 10. Fl G
10 is a flow chart illustrating frequency nodul ati on and phase neasurenent
in a case where the feedback |loop is used. In FIG 10, in Step 200,
paranmeters of the signal processing apparatus 100 which is the conputing
device are initialized. When the paraneters of the signal processing
apparatus 100 are initialized, in Step 200, a target frequency for
frequeRy=Rodul@tion, that is, a target frequency after frequency

modul ation is set, and further, a frequency of an initial reference

wavef ormis SkBerefhae,isith yefaa@nge shgnalov rédefegnis FRP ikl gy iset .
[0112] When the paraneters of the signal processing apparatus 100
whi ch Ebetche roonpigiay (devioe lar tivng 1§l zedtpthd roariget LeFeqiehcpdf t er
frequencynodul ation is set, and the reference signal frequency is initially
set i N7SHepv206d for Strepm2iGuramehaseuvbrd Yaemotidt ynstgaatasatvyidrd tom t he

| eft pick-off (LPO 7 (left velocity sensor 7) is sanpled for digital

si gnal meapveesiean atibas ar hintr ar yrearploirag ddnter tale by bire oA/ B ednvert er
31, and a phase and velocity signal output fromthe right pick-off (RPO 8

(rightcyeloecikyrsenseted)l| s sampledpboendi girtahescgnar £anensd iy &b an
arbitrary sanpling interval by the AID converter 35. The phase and

vel oci by si-gpaknsgmpbadifeeqdihgit Bk skgpakseanyersionoat) ¢ he @\ i tomaky
sanpling interval by the A/D converter 31 is input to the frequency

conver berold0syJhe phase ands yehoe! e Alana) cxaiRLed d el gidaaly<signal

conversion at the arbitrary sanpling i1nterval by the D converter 35 is

Input 9ot he Lreguency canenhglsl4%sdOHBkxpression (6) .
[Expression 7]
0co=0+6X0=6 (7)
Thus, an initial measurement frequency is activated based on the
LPO signal frequency 0.

[0097]

An output signal ©X1 from the transmitter 120 in a next first
step is compared with the initial measurement frequency such that
(phasemeasurement frequency 6C)=(target frequency set value)=const.
As expressed by the following Expression (8), 6X1 is determined
such that the difference becomes the output signal of the transmitter
120.

The transmitter frequency 6X1 is obtained as follows.
[Expression 8]
BX1=6C-8 (8)

Whenthe transmitter frequency 6X1 inthe first step isobtained,

BC=const.
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Whent hephase and velocity signal is sanpledfordigital signal conversion at
an arbitrary sanpling interval in Step 210, in Step 220, the output
frequency is set for the transmitter 120 for reference signal, to thereby
generate the reference signal . Wen the reference signal is generated, the
reference signal having the frequency set in the transmtter 120 is output
fromthe transmtter 120 and input to the frequency converters 110 and 140.
[0114] When the reference signal is generated in the transmtter 120
in Step 220ZnthetpubeesswﬂgfnéqmﬁecypédﬂenéyeqeﬁveVKem§erﬂ}qgﬁﬁ@ﬁﬁpn
performed in Step 230. Therefore, the frequency converter 110 to which the
referenuewhﬁeQMEde>sbg@@tjnutpntodtpmmtdngneﬂaagatﬁRQﬂrtmzotr@n$mpUter
converts the phase and velocity signal output fromthe AID converter 31
into aphase antyel 9cip yisi gnatebanings afioRtbitrary frequency based on the
reference signal output fromthe transmtter 120. Further, the
frequeney,convest es] 140 to which the reference frequency signal output from
t he transnltter 120 is input converts the phase and vel ocity signal output
fromthe, N Dyepnverter 35 into a phase and velocity signal having an
arbitrary frequency based on the reference signal output fromthe
transmtter ﬁ%998£0115] When the conversion into the phase and

vel ocity sighal of the arbitrary frequency is perforned in Step 230, the
frequency after, fEsauensy, cONKerslon,1e qbasuLAd:LD Stan. 20 and ommar ed
with the targe ? requency requency nodulation at the initial setting.
That is, the e and velocit n h ut pu

convert®f 3 Xgnﬁé%%th?n%ﬁpﬁes? e agb??%a?wngégﬁan%H Exééggéﬁgﬁ @égih
frequenc convertﬁé 310 is input to the frequency measurenent unit 160 and
t he phé%%pﬁ%§§h?% At unit 130. Then, the frequency after frequency
conversion is neasured by the frequency nmeasurenment unit 160 and conpared
with tREZTEF§ePCrieyudhty f0rV)requency nodulation at the initial setting,

which is outhéggrontthe transmtter 120.

When the operation described above is repeated, the following
is obtained.

[Expression 11]

Ox3 =0x,+0, —(0+0x)
Oxq =0x3+0, —(0+0x3)

Oxn =Oxn1 +0. = (0 +0x,1)

[0100]

When the output frequency 6Xn from the transmitter 120 is
controlled based on a real-time processing clock of the clock 150
as described above, B8Xn~0Xn-1.

Therefore, the output signal frequency (6+6Xn) of the frequency
conversion section 110 is finally expressed as follows.

[Expression 12]
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[ 0116] When the conparison with the target frequency for frequency
nodul ation at the initial setting is made in Step 24 0 , a next reference
signal transm ssion frequency output fromthe transmtter 120 is determ ned
in Step 250. That is, in Step 250, the next reference signal

transm ssion frequency output fromthe transmtter 120 is determ ned such
that a difference frequency obtained by the conparison in Step 240 becones

0 Hz. When the next reference signaltransm ssionfrequencyoutput from
t he tr8RsAPKer 100 s determined in Step 250, the phase neasurenent is
performed in Step 260. That is, in Step 260, the phase and velocity

si gnal obt ai ibdsbyhidle-spdid rarocaoristant fuegaeneyt qurmas gieas urasedton t he
transm ssion frequency of the reference signal output fromthe transmtter
120 i smegpbt &ohibeephasengemsurenentn uhil) 130.t fike sphrdses praswsedent. uni t
130 perforns the phase neasurenment using a FFT or the |ike based on the
phase and velloecdtty signal obtained by the arbitrary constant frequency
conversion, which is output fromthe frequency converter 110. Wen the

phase measur eneMe iswpesornedusimglibet FETearid hecl skevrasm desericbed
above, high-precision phase difference neasurenent nmay be al ways perforned

at thepsage GMULNGd MerdAmidddd Mne infilublecei paf herastihg figun M ocks
i ncl udi ng the frequency conversion sections 110 and 140, the transmtter

120, the,phase di ffenence; grasurenent ounify J130,,and ihherd requeney put .

measur enent section 160, i1ncluded in the signal processing apparatus 100

are describe?he(éinggggﬂﬁﬁpwsg%@wegﬁkgﬂtst$$Qszlow—pass filter 30 as

illustrated in FIG. 4 is sampled for digital signal conversion at
an arbitrary constant interval by the A/D converter 31 to obtain
a sampling signal (sin®) as illustrated in FIG. 5, and then output
from the A/D converter 31.

[0102]

The signal (sin®) as illustrated in FIG. 5, which is output
fromthe low-pass filter 30 and sampled for digital signal conversion
by the A/D converter 31, is input to the frequency conversion section
110 of the signal processing apparatus 100 illustrated in FIG. 3.
Further, a transmitter output signal output from the transmitter
120 is input to the frequency conversion section 110.

When the measurement value of the output signal frequency
(6Cn=0+0Xn) output from the frequency measurement section 160 is
input to the transmitter 120, the transmission frequency signal
(6Xn) of the transmitter 120 is transmitted at a desired frequency
based on the measurement value of the output signal frequency

(6Cn=6+6Xn), and a cosine signal (cosHXn) as illustrated in FIG.
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The frequency conversion section 110 of the signal processing apparatus 100

has a structure as illustrated in FIG 11. In FIG 11, the frequency
conversion section 110 includes a nultiplier 111, a |low pass filter (LET)
112 (or high-pass filter (HPF)). A reference signal cose2 fromthe

transmtter 120 and an input signal 5INO1 fromthe A/D converter 31 are
mul tiplied by each other and then subjected to filter processing by the
| ow-pass filter 112. [0118] The reference signal cose2 fromthe
t ransn®tierouout stmilltd plansd typramiissgan sugpalt sienel a6bthenédnpying
converting, into a digital signal, by the AID converter 31, the
| ow-f requencyl| eft theelopiit yssggaal itouheel/Bi denvekobekt ylsignal) which is
detected by the left pick-off (left velocity sensor) 7 and extracted by the
| ow-pass fil{@t03D and then output therefrom to thereby conbi ne sum and
difference frequency signals. [Expression 13] sin0l.cos02=-(s n(01+ 02)+
sin(01- 02))WHSy the output signal (cos6Xn) from the transmitter 120 is
input to the frequency conversion section 110, in the frequency
conversion section 110, the signal (sin®) as illustrated in FIG.
5, which is sampled for digital signal conversionby theA/Dconverter
31, is multiplied by the output signal (cos6Xn) output from the
transmitter 120as illustratedinFIG. 6 (sinBxcos6Xn) byamultiplier
provided in the frequency conversion section 110, to thereby obtain
a signal (sinfxcos6Xn) as illustrated in FIG. 7.
The signal (sin6xcosbXn) as illustrated in FIG. 7, which is
obtained bymultiplication (sin6xcos6Xn) by themultiplier provided
in the frequency conversion section 110, passes through a high-pass
filter (HPF) provided in the frequency conversion section 110 to
remove a low-frequency component, to thereby obtain a signal (sin6C)
as illustrated in FIG. 8. The signal (sin6C) as illustrated in FIG.
8 is output from the frequency conversion section 110 and input
to the frequency measurement section 160 and the phase difference
measurement unit 130.
[0104]
The phase difference between the output signals (left velocity
signal and right velocity signal) from the vibration velocity sensor

70 (left pick-off 7 and right pick-off 8) provided in the measurement

tubes 2 and 3 in the case where the measurement tubes 2 and 3 are
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The sum and di fference frequency signals are filtered by the | ow pass
filter (or high-pass filter) 112 to extract only the difference signal (or
sum signal) . In this case, for specific description, the sum signa
is extracted. However, even when the difference signal is extracted, there
I's no problem and hence the filter processing nethod is applied as
appropriate according to the frequency conversion nethod. [0119] The
output fromthe Iowpass filter (or high-pass filter) 112 is expressed as
fol | owsibEERpEessitdie YapratogsprfDLFE2fpracfig) flowneter 1 is computed

by the four blocks including the frequency conversion sections 110
and 140, the transmitter 120, the phase difference measurement unit
130, and the frequency measurement section 160, included in the
signal processing apparatus 100 illustrated in FIG. 3. Then, the
computed phase difference is converted into the flow rate signal
based on the frequency signal output from the frequency measurement
section 160 and the temperature data detected by the temperature
sensor 9.

[0105]

Next, an operation of the signal processing apparatus 100
illustrated in FIG. 3 is described with reference to time charts
illustrated in FIGS. 9.

First, in the low-pass filter 30 illustrated in FIG. 3, when
a harmonic noise is removed to eliminate the influence of aliasing
in A/D conversion, a sine signal (sin®) as illustrated in FIG. 5
is output.

When the sine signal (sin®) illustrated in FIG. 5 is output,
the sine signal (sin®@) illustrated in FIG. 5 is input to the A/D
converter 31. Then, the signal is sampled for digital signal
conversion at an arbitrary constant interval by the A/D converter
31 to obtain a sampling signal (Y1=sin®) as illustrated in FIG.
9(A) and output from the A/D converter 31.

[0106]

The sampling signal (sin®) illustrated in FIG. 9(A), which
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In this case, an output signal frequency 83 fromthe | owpass filter (or
hi gh-pass filter) 112 is always controlled to a constant val ue.
Therefore, the sane filter may be always used w thout depending on the
i nput signal. Thus, the phase neasurenent in the phase di f ference
measurenent unit 130 | ocated in the subsequent stage of the frequency
conversion section 110 may be highly unifornmed and sinplified. [0120] (2)
Frequency Measurenent Section In this enbodi nent, the principle of
phase- L 8cRBEPPEoPB TPRLLY S &/ s s tHe FreqguentlPweaser BA®¢nt TREVRBAY The
PLL is a known electronic circuit in which a signal which is equal in
frequeneyvepsanni spet iant erifat ¢ hgtbar segmnadi gred ceaiil b ekl F at phas 80
therewith is output from another oscillator by feedback control
Ther ef bt épusthetPilLinsFfdndamental |y a phase-lock circuit and may produce a
signal | ocked in phase with an input signal.
On the other hand, the frequency (86Cn=6+6Xn) signal measured
based on the signal output from the frequency conversion section
110 is output from the frequency measurement section 160 of the
signal processing apparatus 100. In the transmitter 120 to which
the measurement value of the output signal frequency (6Cn=06+6Xn)
output from the frequency measurement section 160 is input, the
desired transmission frequency signal (6Xn) 1s transmitted based
on the measurement value of the output signal frequency (6Cn=6+6Xn),
and a cosine signal (Y2=cos6Xn) as illustrated in FIG. 9(B) is output
at the same transmission output rate as the sampling interval of
the input signal in the A/D converter 31.
[0107]
When the cosine signal (Y2=cos6Xn) illustrated in FIG. 9 (B)
is input to the frequency conversion section 110 from the transmitter
120, the cosine signal ismultiplied by the sampling signal (Y1=s1in®)
illustrated in FIG. 9(A), which is output from the A/D converter
31, (sin®BxcosbXn) by the multiplier provided in the frequency
conversion section 110 to obtain a signal (Y3=sin®xcos6Xn) as
illustrated in FIG. 9(C).
The signal (¥Y3=sin6xcosb6Xn) as illustrated in FIG. 9(C), which

is obtained by multiplication (sin6xcos6Xn) by the multiplier

provided in the frequency conversion section 110, passes through
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The PLL is an oscillation circuit for feedback-controlling an oscillator in
a loop for oscillation so that a phase difference between a reference
signal input froman outside and an output fromthe oscillator in the |oop
is constant. Therefore, the PLL may be relatively easily constructed using
a conputing device and may perform hi gh-speed conputation. [0121]

The frequency neasurenent section 160 of the signal processing apparatus
100 has a structure as illustrated in FIG 12. In FIG 12, the

f r equeddy dredsFsehehte 5 BPFOP B0 datti Ldes T SANI P FerVaBIi o SPeW pass
filter (LPF) 162, and a transmtter 163 for frequency neasurenent.

The frégleneyesonees siconr sty yl tompsnephnetcd édetrevhebhalinidpbiionalsl. A
conversion frequency signal sin(0+0Xn) obtained by adding (or subtracting)
t he outpatlfRequeACy OXs ouflpubtfredrdt hent r &iT$m t 9%1D)120 t Theor sfigom)l t he

i nput signal frequencye obtained by converting, into the digital signal, by
the A/ DyeenyertensB], atshel llowdregiency Fett welDociity swgnat (odanl ehesi de
velocity signal ) which is detected by the left pick-off (left velocity
sensor ¥réqgabdcextdaciats yn t Beckawnpasso f bhtieriBdut | $coutpat rireamehhs
frequency conversion section 110 and input to the nultiplier 161. [0122]

Then, hhestubhbRki 8&c46dn COOPanRs thRepRABS e Of £ éfe Rt itz 8 a@n tOfunti e
frequency conversion section 110 with the phase of an output signal coso

out put jkpomthe transmtter 163 for frequency nmeasurenment and outputs the
signals as a difference signal and a sumsignal to the | ow pass filter 162.
Ther ef or e, a$ QH??Ut end of the nultiplier 161 is connected to the | ow pass
filter 162. Re ow pass filter 162 extracts only a | owfrequency signal

from the outpyt §Lgnal, HLRul, from bhe mul £1phigh 161 Lhyeugh asfgayency

filter.

a harmonic noise is removed to eliminate the influence of aliasing
in A/D conversion, a sine signal (sin(6+d¢)) 1s output.

When the sine signal (sin(6+d¢p)) is output, the sine signal
(sin(B8+30p)) is input to the A/D converter 35. Then, the signal is
sampled for digital signal conversion at an arbitrary constant
interval by the A/D converter 35.

The signal output from the A/D converter 35 is multiplied by
the sampling signal output from the A/D converter 35 by amultiplier
provided in the frequency conversion section 140 to obtain a signal.

[0109]

The signal obtained by multiplication by the multiplier
provided in the frequency conversion section 140 passes through
ahigh-pass filter (HPF) providedin the frequency conversion section
110 to remove a low-frequency component, to thereby obtain a signal
(Y5=1/2-s5in(6C+dp)) as illustrated in FIG. 9(E). The signal

(Y5=1/2-sin(8C+d¢)) illustrated in FIG. 9(E) is output from the
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Thus, in this case, only a difference conponent is extracted fromthe
out put signal output fromthe nultiplier 161. [0123] The | ow pass
filter 162 is connected to the transmtter 163 for frequency measurenent.
The transmtter 163 for frequency neasurenent generates phase data 6 based
on the |owfrequency signal output fromthe |owpass filter 162. A feedback
loop is formed so that output data "V' (frequency conputing function V)
of only the difference conponent obtained by filtering by the |ow pass
filterfdiégubeconeskrdidtp4pction 11Asnid losttated it PRRGe 42FtEheNFApUL
signal which is output fromthe frequency conversion section 110 and i nput
to themsubtipheet d6iti s3expressed by SINE) and the output signal which is
output fromthe transmtter 120 and input to the nultiplier 161 is
expressed byrgess. pMhen dt e etren coaved onmnat e umilktif | edignalheyfuabei plier
161, the following is obtained. [Expression 15] 1

illustrated in FIG. 9(F) is output as a phase difference &¢ based

on the signal (Y4=1/2-sin6C) illustrated in FIG. 9(D), which is

output from the frequency conversion section 110 and input to the

phase difference measurement unit 130, and the signal

(Y5=1/2-sin(6C+d¢p)) illustrated in FIG. 9(E), which is output from

the frequency conversion section 140 andinput to thephasedifference

measurement unit 130.

[0110]

When the computing interval is synchronized with the sampling
time as described above, the real time performance for phase
measurement may be improved.

Further, each of the set of vibration velocity signals (sin®
and sin(6+3¢)) is subjected to the same processing for phase
calculation, andhence thereisalmostnocomputingerror. Therefore,
accurate phase calculation may be achieved.

[Embodiment 2]

[0111]

Next, the signal processingmethod is describedwith reference
to the operational flow chart illustrated in FIG. 10.

FIG. 10 is a flow chart illustrating frequency modulation and

phase measurement in a case where the feedback loop is used.

Tn FIG. 10, in Step 200, parameters of the signal processing
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si n0-cosO0= -(sin(0 +8) + sin(0- 5))(15) 2 Input waveform sine
Qut put wavef ornoftransm tterforfreguencyneasurenent: cos6 Wen a
result obtained by multiplication by the multiplier 161 as expressed by
Expression (14) is filtered by the |owpass filter 162, a high-frequency
conmponent is renoved to obtain the follow ng expression. [Expression 16]
V=sin(8-5)(16) [0125] When a value of (0-6) in Expression (15) is a
sufficiently small value (V,---.0), the frequency conputing function V
i ndi cat3RRPEHET dA vhdBhal hédehgORIPEL PRI A1 oh B LRetHBlLEpri er™A%A may
be approxi mately expressed as foll ows.

the parameters of the signal processingapparatus 100 are initialized,

in Step 200, a target frequency for frequency modulation, that is,
a target frequency after frequency modulation is set, and further,
a frequency of an initial reference waveform is set, that is, a
reference signal frequency is initially set.

[0112]

When the parameters of the signal processing apparatus 100
which is the computing device are initialized, the target frequency
after frequencymodulationis set, and the reference signal frequency
is initially set in Step 200, in Step 210, a phase and velocity
signal output from the left pick-off (LPO) 7 (left velocity sensor
7) is sampled for digital signal conversion at an arbitrary sampling
interval by the A/D converter 31, and a phase and velocity signal
output from the right pick-off (RPO) 8 (right velocity sensor 8)
is sampled for digital signal conversion at an arbitrary sampling
interval by the A/D converter 35.

The phase and velocity signal sampled for digital signal
conversion at the arbitrary sampling interval by the A/D converter
31 is input to the frequency converter 110. The phase and velocity
signal sampled for digital signal conversion at the arbitrary
sampling interval by the A/D converter 35 is input to the frequency
converter 140.

[0113]

When the phase andvelocity signal is sampled fordigital signal
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[ Expression 17] V=0-5,--0(17) When an out put waveform of the
transmtter 163 for frequency neasurenent is controlled so that the
frequency conputing function V becones 0, the precedi ng phase e obtained by
frequency conversion by the frequency conversion section 110 nay be
obt ai ned. [0126] When the phase 0 output fromthe frequency
conversion section 110, which is obtained after the frequency conversion as
descri bed above is conputed using the follow ng Expressions (18) and (19),
a freqGenArgrsionnay de Ptk ned {Eyhessigrergpl=ia dtepz21§, (XBPtmp
Angul ar velocity (rad/s) ~ Note that AT indicates a change in time and
i s equdk Ot d-htcheutpwp dtrieng einatver v ab t (fsanph ¢ fganatéter 120 foTherfefremee a
change in phase (0) is as follows. [Expression 19]

signal, totherebygeneratethereferencesignal. Whenthereference

signal is generated, the reference signal having the frequency set

in the transmitter 120 is output from the transmitter 120 and input

to the frequency converters 110 and 140.

[0114]

When the reference signal is generated in the transmitter 120
in Step 220, the processing of the frequency converters 110 and
140 is performed in Step 230. Therefore, the freguency converter
110 to which the reference frequency signal output from the
transmitter 120 is input converts the phase and velocity signal
output from the A/D converter 31 into a phase and velocity signal
having an arbitrary frequency based on the reference signal output
from the transmitter 120.

Further, the frequency converter 140 to which the reference
frequency signal ocutput from the transmitter 120 is input converts
the phase and velocity signal output from the A/D converter 35 into
a phase and velocity signal having an arbitrary frequency based
on the reference signal output from the transmitter 120.

[0115]

When the conversion into the phase and velocity signal of the
arbitrary frequency is performed in Step 230, the frequency after

frequency conversion is measured in Step 240 and compared with the

target frequency for frequency modulation at the initial setting.
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0=27f. Ta(19) where Ta: change in time (sanpling interval) (sec.) f: input
frequency (Hz) 0O0: change in phase (rad) [0127] The input frequency "f" is
as follows. [Expression 20] f O

That is, the phase and velocity signal which is output from
the A/D converter 31 and obtained by the arbitrary frequency
conversion by the frequency converter 110 is input to the frequency
measurement unit 160 and the phase measurement unit 130. Then, the
frequency after frequency conversion is measured by the frequency
measurement unit 160 and compared with the target frequency for
frequency modulation at the initial setting, which is output from
the transmitter 120.

[0116]

When the comparison with the target frequency for frequency
modulationat theinitial settingismadeinStep 240, anext reference
signal transmission frequency output from the transmitter 120 is
determined in Step 250.

That is, in Step 250, the next reference signal transmission
frequency output from the transmitter 120 is determined such that
adifference frequency obtained by the comparison in Step 240 becomes
0 Hz.

When the next reference signal transmission frequency output
from the transmitter 120 is determined in Step 250, the phase
measurement 1s performed in Step 260.

That is, in Step 260, the phase and velocity signal obtained
by the arbitrary constant frequency conversion based on the
transmission frequency of the reference signal output from the
transmitter 120 is input to the phase measurement unit 130. The

phase measurement unit 130 performs the phase measurement using
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(20) T: sanpling interval When such cal cul ation is perfornedby the
frequencyneasurenent unit 160, high-speed frequency neasurenent may be
achieved. [0128] (3) Transmtter In FIG 3, the output frequency of
t he nodul atable transmtter 120 is controll ed based on the result (0+0Xn)
obt ai ned by neasurenent by the frequency neasurenent section 160.
Thetis, inthe transmtter 120, the frequency of the detection signal of the
vibration velocity (outlet-side velocity signal) generated on the Ieft side
of theanedBwernsmn ltilsebazegndn3thanpleds¢ sardbtvediasd thy stigaalepbtpiierdof f 7
and input to the frequency conversion section 110 in the case where the
measurepenhet abbst2aapdc8natenvi iretednby theveirbiather weichs isontitollted to
a desired frequency to be processed by the phase difference neasurenent
unit 180om the frequency converter 110. When the phase measurement is
performedusingthe FFT or the 1ike asdescribedabove, high-precision
phase difference measurement may be always performed at the same
computing interval.

[0117]

Hereinafter, the four Dblocks including the frequency
conversion sections 110 and 140, the transmitter 120, the phase
difference measurement unit 130, and the frequency measurement
section 160, included in the signal processing apparatus 100 are
described.

(1) Freguency Conversion Section

The frequency conversion section 110 of the signal processing
apparatus 100 has a structure as illustrated in FIG. 11.

In FIG. 11, the frequency conversion section 110 includes a
multiplier 111, a low-pass filter (LPF) 112 (or high-pass filter
(HPEF) ) .

A reference signal cos®2 from the transmitter 120 and an input
signal SIN61 from the A/D converter 31 are multiplied by each other
and then subjected to filter processing by the low-pass filter 112.

[0118]

The reference signal cos62 from the transmitter 120 1is

multiplied by an input signal sin6l obtained by converting, into

a digital signal, by the A/D converter 31, the low-frequency left
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The frequency conversion section 110 and the frequency conversion section
140 have the sane structure. Therefore, as in the case of the frequency
output fromthe frequency conversion section 110, the frequency output from
t he frequency conversion section 140, nore specifically, the frequency
(0+4) of the detection signal of the vibration velocity (inlet-side

vel ocity signal) generated on the right side of the neasurenent tubes 2
and 3, which is detected by the right pick-off 8 and input to the frequency
convers¢bacsert PoaNa40 (Patihb-eade VhépeitHesAhEAsY) emBAENt iBeSeR2egh@A3 are
vibrated by the vibrator 6, is converted into a desired frequency. [0129]
(4) Phlagetidt fifeditepde kMedsul taEhtvedndtity senschher/eand eextard ousd phasee
measur enent nmethods. In a case of phase neasurenent using a Fourier

transf bowypasér égueacy3d sarfd xghn and then aéeverfy=dni,gh-cs peed ebgnpotnatinen nmay
be achi eved. Hereinafter, an exanple of a discrete Fourier transform
(OFT) ksmdeser ibederdhecdiseyatachosibaalkransformis a Fourier transform
on a discrete group, often used for frequency analysis of discrete digital
si gnal spkprskgnah processing, and also used to efficiently calculate a
partial differential equation or a convolution integral. The discrete
Fourier transformmay be cal cul ated with high speed (by a conputer) using a

f ast - Fourd stk anStorm (B5T) sink 11361 Wien the input signal sanpled
in the phasémd?ffegeéﬁe negsagﬁnent:%nit 130 is expresge by g(n), DFT-J k)
is defined as follows. [Expression 21]

The sum and difference frequency signals are filtered by the
low-pass filter (or high-pass filter) 112 to extract only the
difference signal (or sum signal).

In this case, for specific description, the sum signal is
extracted. However, even when the difference signal is extracted,
there isnoproblem, andhence the filter processingmethodis applied
as appropriate according to the frequency conversion method.

[0119]

The output from the low-pass filter (or high-pass filter) 112
is expressed as follows.

[Expression 14]
1, .
> (sin(O1 + 62)) (14)

In this case, an output signal frequency 63 from the low-pass filter
(or high-pass filter) 112 is always controlled to a constant value.

Therefore, the same filtermaybe always usedwithout depending
on the input signal.

Thus, thephasemeasurement inthe phasedifferencemeasurement
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N -1-
j sin(

-] - 2n - k k) = E g(n)exp() n=ON =A-1 Etg(n)(cos( 2 - 7T nk)

2 - 7/- -n-k) n=ONN (21) [0131] For sinpler expression,

a conpl ex exponential function part is expressed by the follow ng
substitution, [Expression 22] j 29\

unit 130 located in the subsequent stage of the frequency conversion
section 110 may be highly uniformed and simplified.

[0120]

(2) Frequency Measurement Section

In this embodiment, the principle of phase-locked loop (PLL)
is used for the frequency measurement method. The PLL is a known
electronic circuit in which a signal which is equal in frequency
to an input alternating current signal and locked in phase therewith
is output from another oscillator by feedback control.

Therefore, the PLL is fundamentally a phase-lock circuit and
may produce a signal locked in phase with an input signal.

The PLL is an oscillation circuit for feedback-controlling
an oscillator in a loop for oscillation so that a phase difference
between a reference signal input from an outside and an output from
the oscillator in the loop is constant. Therefore, the PLL may be
relatively easily constructed using a computing device and may
perform high-speed computation.

[0121]

The frequency measurement section 160 of the signal processing
apparatus 100 has a structure as illustrated in FIG. 12.

In FIG. 12, the frequency measurement section 160 includes
a multiplier 161, a low-pass filter (LPF) 162, and a transmitter
163 for frequency measurement.

The frequency conversion section 110 is connected to the

multiplier 161. A conversion frequency signal sin(6+6Xn) obtained
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WAt = exp N 2g = cos(

)- /si Expression (21) is expressed as foll ows.
[ Expression 23] N1 (k)

n() r
E g(n) Wkik n=0 (23)

by adding (or subtracting) the output frequency 6Xn output from
the transmitter 120 to (or from) the input signal frequency 8 obtained
by converting, into the digital signal, by the A/D converter 31,
the low-frequencyleft velocitysignal (outlet-sidevelocitysignal)
which is detected by the left pick-off (left velocity sensor) 7
and extracted by the low-pass filter 30, is output from the frequency
conversion section 110 and input to the multiplier 161.

[0122]

Then, themultiplier 161 compares the phase of an output signal
of the frequency conversion section 110 with the phase of an output
signal cosd output fromthe transmitter 163 for frequencymeasurement
and outputs the signals as a difference signal and a sum signal
to the low-pass filter 162.

Therefore, an output end of the multiplier 161 is connected
to the low-pass filter 162. The low-pass filter 162 extracts only
a low-frequency signal from the output signal output from the
multiplier 161 through a frequency filter.

Thus, in this case, only a difference component is extracted
from the output signal output from the multiplier 161.

[0123]

The low-pass filter 162 is connected to the transmitter 163
for frequency measurement. The transmitter 163 for frequency
measurement generates phase data o based on the low-frequency signal
output from the low-pass filter 162.

A feedback loop is formed so that output data "V" (frequency
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[0132] Assune that attention is focused on a conpl ex exponenti al
function WNnk, and N is expressed by N=2M (M integer), and, for exanple,
N=8. When the input frequency is 1/4 of the sanpling frequency, a real part
function and an inmaginary part function nmay be expressed as follows by O.
1, and -1 because of the periodicity of trigononetric functions.

[ Expressi on 24] Real I magi nary we w82 we' W86 1 O

computing function V) of only the difference component obtained
by filtering by the low-pass filter 162 becomes 0.

[0124]

As illustrated in FIG. 12, the input signal which is output
from the frequency conversion section 110 and input to themultiplier
161 is expressed by SING and the output signal which is output from
the transmitter 120 and input to the multiplier 161 is expressed
by cosd. When the two waveforms are multiplied by the multiplier
161, the following is obtained.

[Expression 15]
sin@-cos&:%(sin(0+5)+sin(9—5)) (15)

Input waveform: sin®

Output waveformof transmitter for frequencymeasurement: cosd

When a result obtained by multiplication by the multiplier
161 as expressed by Expression (14) is filtered by the low-pass
filter 162, a high-frequency component is removed to obtain the
following expression.
[Expression 16]
V=sin (6-93) (16)

[0125]

When a value of (6-0) in Expression (15) is a sufficiently
small value (V=0), the frequency computing function V indicating
the result obtained by multiplication by the multiplier 161 may

be approximately expressed as follows.

72



-1 00 -11 (24 Therefore, the input signals LPO and RPO
obt ai ned by frequency conversion into 1/4 of the sanpling frequency may be
very sinply subjected to the Fourier transform In nornmal phase
measurenent, only a single frequency (vibration frequency) is desirably
subj ected to the Fourier transform and conversion for another frequency
band is not performed, and hence conputati on may be perforned by only
addition and subtraction. [0133] In fact, when the input signal
i nput tloxphesphasel difference nmeasurenment section 130 is expressed by g(n),
the input signal g(n) is a frequency of 1/4 of the sanpling rate, and Nis
expr esged-by0 N=2M/)M i nteger), DRT-GQn) may be conputed as foll ows.
[ EXpr essi on 25]
When an output waveform of the transmitter 163 for frequency
measurement is controlled so that the frequency computing function
V becomes 0, the preceding phase 6 obtained by frequency conversion
by the frequency conversion section 110 may be obtained.
[0126]
When the phase 6 output from the frequency conversion section
110, which is obtained after the frequency conversion as described
above is computed using the following Expressions (18) and (19),
a frequency "f" may be obtained.
[Expression 18]

—=w=2-7- (18)
AT 7

w: Angular velocity (rad/s)

Note that AT indicates a change in time and is equal to the
computing interval (sampling rate).

Therefore, a change in phase (0) is as follows.
[Expression 19]
O=2-11-f-Ta (19)
where Ta: change in time (sampling interval) (sec.)

f: input frequency (Hz)

8: change in phase (rad)

[0127]

The input frequency "f" is as follows.
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Cal cul ation of real part (Re) Calculation of imaginary part (Re) gnx O
gnil x -1 gn+t+2)< 0 gn_m2X -1 (25)

[Expression 20]

/= (20)

T: sampling interval

Whensuchcalculationisperformedbythe frequencymeasurement
unit 160, high-speed frequency measurement may be achieved.

[0128]

(3) Transmitter

In FIG. 3, the output frequency of the modulatable transmitter
120 is controlledbased on the result (6+6Xn) obtained by measurement
by the frequency measurement section 160.

Thatis, inthetransmitter 120, the frequency 8 of thedetection
signal of the vibration velocity (outlet-side velocity signal)
generated on the left side of the measurement tubes 2 and 3, which
is detected by the left pick-off 7 and input to the frequency
conversion section 110 in the case where the measurement tubes 2
and 3 are vibrated by the vibrator 6, is controlled to a desired
frequency to be processed by the phase difference measurement unit
130.

The frequency conversion section 110 and the frequency
conversion section 140 have the same structure. Therefore, as in
the case of the frequencyoutput fromthe frequencyconversion section
110, the frequency output from the frequency conversion section
140, more specifically, the frequency (6+d9) of the detection signal

of the vibration velocity (inlet-side velocity signal) generated
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+) gn+N-1 X O

on the right side of the measurement tubes 2 and 3, which is detected
by the right pick-off 8 and input to the frequency conversion section
140 in the case where the measurement tubes 2 and 3 are vibrated
by the vibrator 6, is converted into a desired frequency.

[0129]
(4) Phase Difference Measurement Unit

There are various phase measurement methods. In a case of
phase measurement using a Fourier transform, a frequency is fixed,
and hence very-high-speed computation may be achieved.

Hereinafter, an example of a discrete Fourier transform (DFT)
is described. Thediscrete Fourier transformis a Fourier transform
on a discrete group, often used for frequency analysis of discrete
digital signals in signal processing, and also used to efficiently
calculateapartialdifferential equationor aconvolution integral.
The discrete Fourier transform may be calculated with high speed
(by a computer) using a fast-Fourier transform (FFT).

[0130]

When the input signal sampled in the phase difference
measurement unit 130 is expressed by g(n), DFT~G(k) is defined as
follows.

[Expression 21]

N-1 i mon-k
Gk) =Y, g(myexp(—= 2%y
n=0 N
N-1 T . ey
= n\éo g(n)(cos(%) - jsin(2—7—r—]—v-n——]£) (21)
k=01, N—1
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gn+N- 21 M=- gn+1" +gn+N-1 Even when the value of Mincreases,
fundanent al conputati on does not conpletely change. Therefore, when M

i ncreases, calculation my be perforned with very high precision and a
conputing | oad al nost does not change. [0134] When two i nput signals
are subjected to the discrete Fourier transform (DFT) in the procedure
descri bed above, the RPO signal nmay be substituted as follows, [Expression
26] RPO signal: 1 - (sin(9 +61, )) =1 -(sin(81 ))-exp() = Rei+ /fin!(26)
22c 2 [0131]

For simpler expression, when a complex exponential function
part is expressed by the following substitution,

[Expression 22]

W},:exp(_{&gﬂj

27 L. 27
= cos(—) — jsin(—
(N) J (N)

Expression (21) is expressed as follows.

[Expression 23]
N-1 nk

Gk)= % gn)-Wy (23)
n=0

[0132]

Assume that attention is focused on a complex exponential
function WNnk, and N is expressed by N=2M (M: integer), and, for
example, N=8. When the input frequency is 1/4 of the sampling
frequency, a real part function and an imaginary part function may
be expressed as follows by 0. 1, and -1 because of the periodicity
of trigonometric functions.

[Expression 24] -

Real Imaginary
We® 1 0
We® 0 -1
We* -1 0
We® 0 1 (24)
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and the LPO signal nmay be substituted as follows. [Expression 27] LEO

si gnal
( 27)
si gnal

1 .'(sin(1 +9")) = -(sin(Cc + 6-0)) = -2 exP0.09, +))= Re2 + |

22 [0135] In this case, a phase angle tan6T of the input
is expressed as follows. [Expression 28] tan 80 - I|InRRel-Re2lnml

Re2Rel+ n2l il (28)

Therefore, the input signals LPO and RPO obtained by frequency
conversion into 1/4 of the sampling frequency may be very simply
subjected to the Fourier transform. In normal phase measurement,
onlyasingle frequency (vibration frequency) isdesirably subjected
to the Fourier transform and conversion for another frequency band
is not performed, and hence computation may be performed by only
addition and subtraction.

[0133]

In fact, when the input signal input to the phase difference
measurement section 130 is expressed by g(n), the input signal g(n)
is a frequency of 1/4 of the sampling rate, and N is expressed by
N=2M (M: integer), DFT-G(n) may be computed as follows.
[Expression 25]

Calculation of real part (Re) Calculation of imaginary part (Re)

gnx1 gnx0
On+1%0 On+1x—1
gr1+2x_1 Jn+2% 0
(25)
gn+n-2% -1 Jn+n-2% 0
gn+N—1xO Jn+n-1% 1
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[ 0136] After the phase angle tanop of the input signal is obtained
usi ng Expression (28), when tan-14 is conputed, the phase difference signal
4 may be obtai ned. Amass flow rate Q of the fluid to be neasured is
proportional to the phase angle and inversely proportional to a driving
frequency F, and thus is expressed as follows. [Expression 29] QS(t)
-6T/F(29) where S(t) indicates a correction coefficient associated with a

tenperature of the neasured fluid. When t he nmeasured phase angle 69
and the drivRagofreguency F aremswbstit Uheddd:nt o° Expr essioni1(28), the nmass
flow rate Q may be cal cul at ed. The mass flow rate Q obtained as

descri bed abBvenishasubjlertved teo osult abt eesoad i Myratachauniial conpertsitarnand
may be output to an outside in various forns by addi ng subsequent
pr ocesdbag sbch asomnbdogl putqiuinggpul seTioatPtibye pr vefn alM comuekbcati, on.
calculationmaybe performedwith very highprecision anda computing
load almost does not change.
[0134]
When two input signals are subjected to the discrete Fourier
transform (DFT) in the procedure described above, the RPO signal
may be substituted as follows,

[Expression 26]

RPO signal:
1 . [ 1 . .
5(sm(9+9x)) = E(sm(é?c))gexp(]@,) =Re+jIm; (26)

and the LPO signal may be substituted as follows.
[Expression 27]

LPO signal:
%(sin(é’ +09+6,)) = %(sin(@c + 0¢)) = %exp(j(@c +0¢))=Re,+ jIm, (27)

[0135]
Inthiscase, aphaseangletandpof the input signal isexpressed
as follows.

[Expression 28]

Im, Re;—Re, Im;

tan o¢ =
Re, Rey+1Im, Im,

[0136]
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[0137] <<Feature of Phase Measurenent Method using Frequency Conversion>>
According to a feature of the phase neasurenent systemin the present
invention, the signal nmay be sanpled at the sanpling interval unrelated to
the frequency 0 of the input signal which is obtained by converting, into
the digital signal, by the A/C converter 31, the | owfrequency |eft
vel ocity signal (outlet-side velocity signal ) which is detected by the
l eft pick-off (left velocity sensor) 7 and extracted by the | ow pass
filter 30 andfbarpiite tharssf eowwleahdndii eh ikeipnt tsg- ol fiseqbeacyed
conversion section 110. Therefore, the structure is very sinple, no filter
t abl e usineguipred,siand(2&r ywheghaspdéd conmpubatedn teyplbesadhif éeednwiet h a
smal | conputing error.
signal d¢ may be obtained.
A mass flow rate Q of the fluid to be measured is proportional
to the phase angle and inversely proportional to a driving frequency
F, and thus is expressed as follows.
[Expression 29]
Q=S (t) - dp/F (29)
where S(t) indicates a correction coefficient associated with a
temperature of the measured fluid.
When the measured phase angle d¢ and the driving frequency
F are substituted into Expression (28), the mass flow rate Q may
be calculated.
The mass flow rate Q obtained as described above is subjected
to suitable scaling and unit conversion and may be output to an
outside in various forms by adding subsequent processing such as
analog output, pulse output, or serial communication.
[0137]
<<Feature of Phase Measurement Method using Frequency Conversion>>
According to a feature of the phase measurement system in the
present invention, the signal may be sampled at the sampling interval
unrelated to the frequency © of the input signal which is obtained
by converting, into the digital signal, by the A/D converter 31,

the low-frequencyleftvelocitysignal (outlet-sidevelocitysignal)

which is detected by the left pick-off (left velocity sensor) 7
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[ 0138] According to the phase nmeasurenent system of the present

i nvention, even when a rapid change in frequency occurs in the input signal
whi ch is obtained by converting, into the digital signal, by the AID
converter 31, the lowfrequency left velocity signal (outlet-side velocity
signal) which is detected by the left pick-off (left velocity sensor) 7 and
extracted by the lowpass filter 30, and which is input to the frequency
conversion section 110, high-response followi ng may be achieved by a
frequentg evhverse¢arPy ddubdok tesy LiTherf peqehcpEafttert areduency and
conversion is directly neasured to performthe phase nmeasurenent, and hence
a frequency iconvensi on téer Dregaeseyd doy vidre iforegaehcyn cldrbver Shemeifore,

m nim zed. Therefore, the systemis suitable for very-high stable and

accur ateepbasecneasuriengnriry simple,| madflition tebidbeiphasquireasyr enent,
the frequency of the input signal may be sinultaneously obtai ned based on
the freguengyqgafkpechr ESIMENEY: CONYRRSHO N @itk Fd e wiifcans Bngsli loaohpaguagcy of

the transmtter 120. The obtai ned frequency is a frequency which is
hi ghl ycresponsi ve and very stabl e because of the high-speed feedback | oop.
[ 0139] Further, according to the phase neasurenent systemin the

present inveppiap; there is little linmtation on the phase neasurenment band
by the input frequency of the input signal input to the frequency

conver si on sgekbon ki0coMeLel e cUBLiAG L he sensgr 5haKLng Lael gus

driving frequencies be redl i zed conputing precision is not “aff ect ed
by the.in e an re r y be
almays ac%ﬁé%gé q%%%b%gﬁné%tgﬁﬁ%fﬁgag? e A %kghgﬁgg q%%ﬂﬁ%%%ﬁﬁﬁgﬁ ggg and 3
i ncludin one ow t yuhe or_a r_of flom1tube erV|n
neasur@ﬁgﬂ fV%&FEub%SObE?%n% %Pﬁég%l%ﬁlvﬁHﬁDnglc a&gSl%Q'V|brator
6. The. nea uregent t ubes 2 3 |n | udi_ng the onﬁ.flom/ ube or t.he pair of
fIOM/tB%eE §r &/ 8| CePNaLEry vaHet oY rREE IRy 10w EBESE TN 54988 ol i s
flowmmeter, a phase difference and/or a vibration frequenci%groportlonal to

a Cor i 6PRELFET E€O8CHS IF o FRENARASTMEHEAP ASHRE & BRd DS TREF BaiThg Offe one

flow tube or the pair of flow tubes are/is detected by a pair of velocity
sensor $16f Ca¥eePEt BY | D BRAL of SNCOLRESPERECNGYL BRYi P itRdTs det'd@y ol -
sensors including the left pick-off (LPO 7 and the right pick-off (RPO 8,
to thepeBy Wibtdl nia raysitf | ow rtdtee GhddeendBnsiany TS 1Y | spgtienbd 10,

nmeasured. [0141]
high-response following may be achieved by a frequency conversion

feedback loop. The frequencyafter frequencyconversionisdirectly
measured to perform the phase measurement, and hence a frequency
conversion error caused by the frequency conversion is minimized.
Therefore, the system is suitable for very-high stable and accurate
phase measurement.

In addition to the phase measurement, the frequency of the
input signal may be simultaneously obtained based on the frequency
after frequency conversion and the transmission frequency of the
transmitter 120.

The obtained frequency is a frequency which is highly

responsive and very stable because of the high-speed feedback loop.
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The transmtter 120 for transmtting and outputting a nodul atabl e frequency
signal is provided in the Coriolis flowreter. A vel ocity sensor
(for exanple, input signal (outlet-side velocity signal) input fromleft

pi ck-of f 7) fromone of the pair of vibration detection sensors (left
pick-off 7 and right pick-off 8) is converted into a digital signal by the
first A/D converter 31. The first frequency conversion section 110 is
provided to shift in frequency the input signal frequency 0 to a specified
constant freddénéy signal based on the output frequency 0Xn output fromthe
transmtter 120, to thereby nove the input signal frequency to a desired
frequency bafRdrthei42hccordingThe séecomdacenversivgrrseadt isyrsthb40 ins ghreovi ded
to shift in frequency, to a specified constant frequency signal, the input
si gnal pteeguenciyn®enbi ah nedHyrecongeriinglei ftimia adiigirt abnsigmal phHage he
secondA/ D converter 35, a velocity sensor (for exanple, input signal

(i nl et mebdereekati bynailgpaine iinguit frremuenghit opi ekeoffp @) Jrpmt heywtther of
the pair of vibration detection sensors (left pick-off 7 and right pick-off

8), based:d e eHAUEhreddeRays XD optiput, f raevtherbr ansmiies 2@, to
t hereby nove the input signal frequency to a desired frequency band. [0143]

The Treguency MRASWELRBAL RECLL 0N R0 Fe-provtded hoymeasyethed eauency
of the first frequency signal which is obftained by converting as the

consta n I; d t f he fir re ver.sj on
Ebm%%?ﬁgﬁdQXe%lgﬁ%k qRd oy %%%e#?%@?%gethe %%,fﬁéqggﬁf%gﬁgn e

section 1 to output the measured fredquency v i'r st

freque i _ tra itter L0 .t her ng.r t t put
frequeﬁ%écgugﬁgbhggekﬁgl%%e ﬁgﬁéygﬁﬁ%ﬁﬁﬁﬁﬁgﬁyq??gg%éﬁﬁyk%%%&éﬁgfﬁﬁxﬁy t he
frequezg%bc%nv%%%i%g section 110 al ways becomes a constant frequency.

The phase driference measurement section 130 is provi ded to neasure a phase
difference b biﬁ@n a first frequency signal obtained by conversion as a
const ant freE Q signal by the first frequency conversion section 110 and
a second fregﬁenc signal output as a converted constant frequency signal

fromthe second %?P%&hlg’t?rss? G et O 4 afohaagt one flowtube

or a pair of flow tubes, serving as measurement flow tubes, are
operated by a driving device using the vibrator 6. The measurement
tubes 2 and 3 including the one flow tube or the pair of flow tubes
are alternately driven to vibrate the flow tubes. In a Coriolis
flowmeter, a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on the measurement tubes
2 and 3 including the one flow tube or the pair of flow tubes are/is
detected by a pair of velocity sensors or acceleration sensors
corresponding to vibration detection sensors including the left
pick-off (LPO) 7 and the right pick-off (RPO) 8, to thereby obtain
a mass flow rate and/or density of a fluid to be measured.

[0141]

The transmitter 120 for transmitting and outputting a

modulatable frequency signal is provided in the Coriolis flowmeter.
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Further, the signal processing apparatus 100 is provided to obtain the
phase difference between the first frequency signal output as the converted
constant frequency signal fromthe first frequency conversion section 110
and the second frequency signal output as the converted constant frequency
signal fromthe second frequency conversion section 140, to thereby serve
as the Coriolis flowneter. [Description of Synbols] [0145] 1 Coriolis
flowreter 2, 3 neasurenent tube 4 detector 5 converter 6 vibrator 7 left

vel ocity senkoveBocight seebotri tyoseasemple, input signal (outlet-side

velocity signal) input from left pick-off 7) from one of the pair
of vibration detection sensors (left pick-off 7 and right pick-off
8) is converted into a digital signal by the first A/D converter
31. The first frequency conversion section 110 is provided to shift
in frequency the input signal frequency 6 to a specified constant
frequency signal based on the output frequency 6Xn output from the
transmitter 120, to thereby move the input signal frequency to a
desired frequency band.

[0142]

The second conversion section 140 is provided to shift in
frequency, toaspecifiedconstant frequency signal, the input signal
frequency 8 obtained by converting, into a digital signal, by the
second A/D converter 35, avelocity sensor (for example, input signal
(inlet-side velocity signal) input from right pick-off 8) from the
other of the pair of vibration detection sensors (left pick-off
7 and right pick-off 8), based on the output frequency 6Xn output
from the transmitter 120, to thereby move the input signal frequency
to a desired frequency band.

[0143]

The frequency measurement section 160 is provided to measure
the frequency of the first frequency signal which is obtained by
converting as the constant frequency signal and output from the
first frequency conversion section 110, and to ocutput the measured

frequency value of the first frequency signal to the transmitter
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9 tenperature sensor 10 drive control section 11 phase neasurenent section
12 tenperature neasurenent section 30, 34 |owpass filter 31, 35 A/D
converter 70 vibration velocity sensor 80 vibration velocity signal
conmputing device 85 frequency conversion section 90 transmtter 95 phase
di fference nmeasurenment unit 100 signal processing apparatus

120, to thereby control the output frequency such that the frequency
obtainedby frequency conversionby the frequency conversion section
110 always becomes a constant frequency.

The phase difference measurement section 130 is provided to
measure a phase difference between a first frequency signal obtained
by conversion as a constant frequency signal by the first frequency
conversion section 110 and a second frequency signal output as a
converted constant frequency signal from the second frequency
conversion section 140.

[0144]

Further, the signal processing apparatus 100 is provided to
obtain thephasedifferencebetween the first frequency signal output
as the converted constant frequency signal from the first frequency
conversion section 110 and the second frequency signal output as
the converted constant frequency signal from the second frequency
conversion section 140, to thereby serve as the Coriolis flowmeter.
[Description of Symbols]

[0145]

1 Coriolis flowmeter
2, 3 measurement tube
4 detector

5 converter

6 vibrator

7 left velocity sensor

8 right velocity sensor
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110 frequency conversion section 111 nmultiplier 112 | ow pass filter 120
transmtter 130 phase difference neasurenent unit 140 frequency conversion
section 150 clock 160 frequency neasurenment section 161 nultiplier 162

| ow-pass filter 163 transmitter for frequency neasurenent

9 temperature sensor

10 drive control section

11 phase measurement section

12 temperature measurement section
30, 34 low-pass filter

31, 35 A/D converter

70 vibration velocity sensor

80 vibration velocity signal computing device
85 frequency conversion section

90 transmitter

95 phase difference measurement unit
100 signal processing apparatus

110 frequency conversion section

111 multiplier

112 low-pass filter

120 transmitter

130 phase difference measurement unit
140 frequency conversion section

150 clock

160 frequency measurement section
161 multiplier

162 low-pass filter

163 transmitter for frequency measurement
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[ Name of the Document] Scope of Clains [Caiml] A signal processing
nmethod for a Coriolis flowreter in which at | east one flow tube or a pair
of flow tubes which is included in a neasurenent flow tube is alternately
driven by causing a vibrator to be actuated by a driving device to vibrate
the at | east one flow tube or the pair of flow tubes, and at | east one of a
phase difference and a vibration frequency proportional to a Coriolis force
acting on the at |east one flow tube or the pair of flow tubes is detected
by tw[NehecpfytkenBorsmentac8eppeavifofileemsors which are vibration
detection sensors, to thereby obtain at | east one of a nmass flow rate and a
density of a[flaid 10 be neasured, the signal processing nethod conprising:
perform ng frequency conversion to conbi ne, based on an arbitrary

osci |l l ati on Arsigueficyroeach iolh hwohbbovwr at €osi ghak st ohirat ned by whd Bh
conversion on input signals of the vibration frequency proportional to the

Coriolihs fesse aetinNbwnidde &t d eastr e fleawriwee anitheipaihcofidkbow
tubes, which are detected by the two velocity sensors or accel eration

SeNsor sy atife KN Adie B €0BRASIHEL: § %@%k&%ﬂ%&e&?ﬁfﬁ'veq by causTBsa i BYaor
frequency of the conposite frequency signal associated with at | east one of

the two,vel Qe (ReNEPr S 1 AGREHELALEON SENSANS: thikalsmdddNg R ¢eBLT ol

signal based on the neasured frequency; controlling a frequency of a sum or

diff erggggé{%ggg%ciyr oPARONENLQT 1P COMAN LRI LIYINEYe L @Rk hR

constant v

and a vibration frequency proportional to a Coriolis force acting
on the at least one flow tube or the pair of flow tubes is detected
by two velocity sensors or acceleration sensors which are vibration
detection sensors, to thereby obtain at least one of a mass flow
rate and a density of a fluid to be measured,

the signal processing method comprising:

performing frequency conversion to combine, based on an
arbitrary oscillation frequency, each of two flow rate signals
obtainedbyA/Dconversionon input signalsof thevibration frequency
proportional to the Coriolis force acting on the at least one flow
tube or the pair of flow tubes, which are detected by the two velocity
sensors or acceleration sensors, to obtain a composite frequency
signal;

measuring a frequency of the composite frequency signal
associated with at least one of the two velocity sensors or
acceleration sensors;

transmittinga control signal based on themeasured frequency;

controlling a frequency of a sum or difference frequency
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obtaining a resonance frequency of the at | east one flow tube or the pair
of flow tubes based on the control signal, calculating the density of the

fluid to be neasured based on the control signal; and measuring a
phase fromthe sumor difference frequency conponent of the conposite
frequency signal having the controlled frequency. [C aim 2] A signa

processi ng net hod according to claiml1l, wherein the frequency conversion
for conbining based on the arbitrary oscillation frequency includes:

mul ti ptyinpgnanti aputhsi geraboSIINT, £ feomiidie ormnaf tche twostehdciveyusensors
or acceleration sensors by the transmtted control signal cose2; and
filtering ancbuspuingigmakoabhakentdedpyetde cukhiephyilegshyore firleguenby
filter to extract only a | owfrequency signal. [Caim 3] A si gnal

pr ocesst nghdareidiad o&c o di hgod © elsaidoh, tMbef®@itrd he ifgreqyenaycaoayensi on
for conbining based on the arbitrary oscillation frequency includes:

nul ti pkyéng e dppit £1sé gnali St e heasltrBe 908 8fort BRetaMh eI 106k baggnsor s
or acceleration sensors by the transmtted control signal cosT2; and

filteripg an output signal obtained by the nmultiplying by a

measuring a phase from the sum or difference frequency
component of the composite frequency signal having the controlled
frequency.

[Claim 2]

A signal processing method according to claim 1, wherein the
frequency conversion for combining based on the arbitrary
oscillation frequency includes:

multiplying an input signal SIN6; from the one of the two
velocity sensors or acceleration sensors by the transmitted control
signal cos9,; and

filtering an output signal obtained by the multiplying by a
frequency filter to extract only a low-frequency signal.

[Claim 3]

A signal processing method according to claim 1, wherein the
frequency conversion for combining based on the arbitrary
oscillation frequency includes:

multiplying an input signal SIN6; from the one of the two
velocity sensors or acceleration sensors by the transmitted control
signal cos6,; and

filtering an output signal obtained by the multiplying by a
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frequency filter to extract only a high-frequency signal. [Claim4] A

si gnal processing nethod according to claim11, wherein: t he i nput
signals of the vibration frequency proportional to the Coriolis force
acting on the at |east one flow tube or the pair of flow tubes, which are
detected by the two velocity sensors or accel eration sensors, are sanpled
by the A/D conversion to obtain digital signals; and the conposite
frequency signal obtained by the frequency conversion based on the

t ransnttegdeonont folltsirghal eks reont polllyed soghhdtrethentyvegueney .of the sum
or difference frequency conponent of the conposite frequency signal is 1/4
of a sanplingcfaegquency for the A/D conversion. [C aim5] A signal
processi ng apparatus for a Coriolis floweter in which at | east one flow

tube or a pahrsefnhloprbubesingi gBthsdi Aektudaedngnta aeasur enentefkbaw:t ube
is alternately driven by causing a vibrator to be actuated by a driving

device to vibprate e salynlaaast rongs fligwattube erefhenpaigrfodd aywdubes, and
at | east one of a phase difference and a vibration frequency proportional

to a Ceg'b%éiépfg%&%é‘ 0GRt BR Ae l823La00C AL QW dHRELRN o hePRIH Of
flow tubes 1s detected by a velocity sensor or acceleration sensor which is

a_vi br gii oncflel eGLLON SENS0L o 19 { herehy, otal .31 Joant; QNS ol -dmass 1 ow

rate an nsity of a t e neas € Sl gna rocessli ng
apparatus GQURILSINGL oy are AAIANSHILEL 05 LLAPSPLELA NG, B ffqquency
si gnal Fch™i's Tnoduratabt e; “and
digital signals; and
the composite frequency signal obtained by the frequency
conversion based on the transmitted control signal is controlled
so that the frequency of the sum or difference frequency component
of the composite frequency signal is 1/4 of a sampling frequency
for the A/D conversion.
[Claim 5]
A signal processingapparatus foraCoriolis flowmeter inwhich
at least one flow tube or a pair of flow tubes which is included
in ameasurement flow tube is alternatelydrivenby causinga vibrator
to be actuated by a driving device to vibrate the at least one flow
tube or the pair of flow tubes, and at least one of a phase difference
and a vibration frequency proportional to a Coriclis force acting
on the at least one flow tube or the pair of flow tubes is detected
by a velocity sensor or acceleration sensor which is a vibration
detection sensor, to thereby obtain at least one of a mass flow

rate and a density of a fluid to be measured,

the signal processing apparatus comprising:
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a frequency conversion section for perform ng frequency conversion to add
(or subtract) an output frequency Fx fromthe transmtter to (or from an
i nput frequency detected by the velocity sensor or acceleration sensor and
shifting a frequency val ue obtained by the frequency conversion to a
constant value. [C aim 6] A signal processing apparatus fora
Coriolis floweter in which at | east one flow tube or a pair of flow tubes
which is included in a nmeasurenent flow tube is alternately driven by
causi ng a vi bratansmot ber att vateth byl @t drg i Mg edpvdrncy 56 gvihr athe chhe sat

| east one flow tube or the pair of flow tubes, and at | east one of a phase
di f f ereodelandbaeyi bnédti on frequency proportional to a Coriolis force
acting on the at |east one flow tube or the pair of flow tubes is detected
by a pair of avereejucyncsensaise 041 @&eCeketabhorr Senser somhi g a&reqaepair of
vi bration detection sensors, to thereby obtain at | east one of a mass fl ow
rate apgndcdensht ¥oohida fibei dube rbetneasuiRdputhe &i@hRalc Processhinghne
apparatus conpri sing: atransmtter for transmtting a frequency

si gnal + Wahghi k8 cmodul gt-adl &) anqunﬁ?fEESﬁEnE&QﬂH§Q9%a§%9W§&§%%Qo%%%&i0”
for perform ng frequency conversion to add (of subtract) an out put

freqyeggxgg(:%rp éé‘@eié%‘é{@rﬁE%EFnga(nQ{stm%gB fﬂw%efrﬁj i 2, L CEQUENCY

obt ai ne y converting a signa one of t palr ration detection

sensorg, jpLoa.di gie{aék giog%‘% bya.hi Lst alb.gonyerter, to adjust a
frequengy val ue dbtar e y Re Prequency conversion to a constant val ue;
and a cond_frequency conversion section for perform ng frequency

conver si on t&égaﬁm(gﬁ subtract) the output frequency fromthe transmtter
to (or fronm _an input signal frequen obt ai ned .by .converting a signal of
anot her one. B LORB I oS bR RET A CIE LGt T D TS BGrs RS o B T
signal by_a second AID converter, to adjust a frequency value obtai ned by
the frafueRe§tconvet $PBnC e Lechdtant Valder [@Rgsmvich 1s included

in ameasurement flow tube isalternatelydrivenbycausinga vibrator
to be actuated by a driving device to vibrate the at least one flow
tube or the pair of flow tubes, and at least one of a phase difference
and a vibration frequency proportional to a Coriolis force acting
on the at least one flow tube or the pair of flow tubes is detected
by a pair of velocity sensors or acceleration sensors which are
a pair of vibration detection sensors, to thereby obtain at least
one of a mass flow rate and a density of a fluid to be measured,

the signal processing apparatus comprising:

a transmitter for transmitting a frequency signal which is
modulatable;

a first frequency conversion section for performing £frequency
conversion to add (or subtract) an output frequency from the
transmitter to (or from) an input signal frequency obtained by

converting a signal of one of the pair of vibration detection sensors
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A signal processing apparatus for a Coriolis flowreter in which at |east
one flow tube or a pair of flow tubes which is included in a neasurenent
flowtube is alternately driven by causing a vibrator to be actuated by a
driving device to vibrate the at |east one flow tube or the pair of flow
tubes, and at |east one of a phase difference and a vibration frequency
proportional to a Coriolis force acting on the at |east one flow tube or
the pair of flow tubes is detected by a pair ofvibrationdetectionsensors,
to theteby coBiaihnaatsigwest burref ot sa AHssohvewtear e aadiasdendireguefica f 1 ui d
to be neasured, the signal processing apparatus conprising: a
transnvatee bbtatnadshit thagfacfineguencynsegaabnwiicch ceongbdotatvablue;

a first frequency conversion section for shifting in frequency, to a

const aahdfrequency signal, an input signal frequency obtained by
converting a signal of one velocity sensor of the pair of vibration

detecti on seasecsnidteudh@f tahvsignah skby:ta ohi fst p&F B eanvgrtreruehased on
an out put frequency fromthe transmtter to nove the input signal frequency

to anotbgletEegHeney RaNdior subBra8ePNErly eAUENRY £ORYeESEPNreeRt icor for
shifting in frequency, to a constant frequency signal, an input signal

ff?qUeBE¥n§H3€£Q§dt€y(%QP%%&kbngn@-§&§W@|sQénéﬂokbéﬁpMQ&?CbBXa%%@@O% f the
pair of vibration detection sensors into a digital signal by a second A/D

converf gfyoased 0 Lhey Ut L. ALEQURNSY a1 he Ly ANSIN 142k R ONE the

i nput sSigna quency to anof her frequency band; an requency

”easursgﬁgg{gemgna fdt‘ir i%ﬁsgﬁgﬁglﬁ?%rae%%%%%% R‘C/Dac%ﬁ%%tg%f e“&be%%k}ﬁ#?,:tgna' :

whi ch 7§ obtained as € cons qguency si ghal the s ing by
and output fromthe.first fre ncy, conversion section, and outputting the
measur 8 TRy or SR T 1T PPy BHUeRES B gaT o 16T hot FErfeLEer o

control, _based on the frequency after the shifting by the first frequency
converg?ﬁﬁesection, out put frequencies fromthe first frequency conversion
section and the second frequency conversion section so that the input
si gnal frequéﬁ%?18bgéined by converting the signal of the one velocity
sensor of the pair of vibration detection sensors_into the digital signal
by the firstAADTEIREPERTSIRYI araespied Freqterdyl ipd M me]e AL gral
processi ng apparatus according to any one of clains ' o

at least one flow tube or a pair of flow tubes which is included

in ameasurement flowtube isalternatelydrivenby causinga vibrator
to be actuated by a driving device to vibrate the at least one flow
tube or the pair of flow tubes, and at least one of a phase difference
and a vibration fregquency proportional to a Coriolis force acting
on the at least one flow tube or the pair of flow tubes is detected
by a pair of vibration detection sensors, to thereby obtain at least
one of a mass flow rate and a density of a fluid to be measured,

the signal processing apparatus comprising:

a transmitter for transmitting a frequency signal which is
modulatable;

afirst frequencyconversionsectionforshiftinginfrequency,

to a constant frequency signal, an input signal frequency obtained
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5, 6, and 7, wherein the frequency conversion section conprises: a
multiplier for multiplying a reference signal cos02 from the transmtter
by an input signal SINT1 fromthe first AID converter; and a
| ow-pass filter for filtering an output signal obtained by the
mul tiplication by the nultiplier through a frequency filter to extract only
a lowfrequency signal. [Claim9] A signal processing apparatus according
to any one of claims 5, 6, and 7, wherein the frequency conversion section
conpr i SEsorw afifl itk iserorfagdr o rehnei i Yo gigt aseaperericehsirgial ot g P2Zattiom t he
transmtter by an input signal SINTi fromthe first A/D converter
detection sensors into a digital signal by a first A/D converter,
based on an output frequency from the transmitter to move the input
signal frequency to another frequency band;
asecond frequencyconversionsection forshiftinginfrequency,
to a constant frequency signal, an input signal frequency obtained
by converting a signal of another velocity sensor of the pair of
vibration detection sensors into a digital signal by a second A/D
converter, based on the output frequency from the transmitter to
move the input signal frequency to another frequency band; and
a frequency measurement section for measuring a frequency of
a first frequency signal, which is obtained as the constant frequency
signal through the shifting by and output from the first frequency
conversion section, and outputting the measured frequency of the
first frequency signal to the transmitter to control, based on the
frequency after the shifting by the first frequency conversion
section, output frequencies from the first frequency conversion
section and the second frequency conversion section so that the
input signal frequency obtained by converting the signal of the
one velocity sensor of the pair of vibration detection sensors into
the digital signal by the first A/D converter is a desired frequency.
[Claim 8]
A signal processing apparatus according to any one of claims

5, 6, and 7, wherein the frequency conversion section comprises:

a multiplier for multiplying a reference signal cos6, from
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and a high-pass filter for filtering an output signal obtained by
the multiplication by the nultiplier through a frequency filter to extract
only a high-frequency signal. [C aim 10] A signal processing
apparatus according to any one of clains 7, 8, and 9, wherein: t he
frequency neasurenent section conprises a nultiplier connected to the first
frequency conversion section, a |owpass filter connected to the
multiplier, and a transmtter for frequency neasurenment which is connected
to t hethewrpassifitierdry and nates yera bl Iogh puerstymal retdm henvent pass
filter; the nultiplier conpares an output signal sin (0+8x,) from
the fiasd frequency conversion section with a phase of an output signal
cosd fromthe transmtter for frequency nmeasurenent and outputs a

di fference sidgral-arek disdumrstfgnafittetiey kowepasstfsidrexl obtained hg

| ow-pass filter filters an output signal fromthe multiplier through a
frequeney hiltleritecexhract thsl yuathpws éreguenayhskgnakiyuandy filtera
phase anount V of a fundanental output waveformis generated based on the

| ow f r egueREYa st 9BAL yOut put-Erequtheyl evgpass filter and satisfies a
condition of V-0 by the transmtter ¥orm?requency measur enent .

[Claim 9]

A signal processing apparatus according to any one of claims
5, 6, and 7, wherein the frequency conversion section comprises:

a multiplier for multiplying a reference signal cosB,; from
the transmitter by an input signal SIN®; fromthe first A/D converter;
and

a high-pass filter for filtering an output signal obtained
by the multiplication by the multiplier through a frequency filter
to extract only a high-frequency signal.

[Claim 10]

A signal processing apparatus according to any one of claims
7, 8, and 9, wherein:

the frequency measurement section comprises a multiplier
connected to the first frequency conversion section, a low-pass
filter connected to the multiplier, and a transmitter for frequency
measurement which is connected to the low-pass filter and receives
an output signal from the low-pass filter;

the multiplier compares an output signal sin(6+6yx,) from the

first frequency conversion section with a phase of an output signal

cosd from the transmitter for frequency measurement and outputs
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[Caim11] A signal processing apparatus according to anyone of
clainms 7, 8, 9, and 10, further conprising a clock for synchronizing an
output of the first AID converter and an output of the second Al D converter
to synchronize a digital signal of one of the pair of vibration detection
sensors which is output fromthe first A D converter and a digital signa
of another one of the pair of vibration detection sensors which is output
fromthe second A/ D converter. [Claim 12] A signal processing

appar atudiaéevedragstonahyandeaobunl aigsa?, tg, tbe 1low-madslifiluherein the
phase nmeasurenment section perfornms processing of a discrete Fourier
transform (DEd¢ droverdesst Fouteer firldresfor en( ERBDpuy Ceabmel3]from theA
Coriolis flowreter in which at |east one flow tube or a pair of flow tubes
whi ch melthplidedhrmuarhreasayesanty fillowttbextgaakterinat eby-dreyennby
causing a vibrator to be actuated by a driving device to vibrate the at

| east engnklowahybe or the pair of flow tubes, and at |east one of a phase
difference and a vibration frequency proportional to a Coriolis force

acting on thg Aadeeanbunber HEawrtiHhgnehtbhepaiut AbvElkewntubgsnksadetect ed
by a pair of velocity sensors or acceleration sensors which are a pair of

vi brat },98c et £GHON SRSV et LIEHERYoAPLAL Nr Alm | §AST QNG Qfs &;iRES flow
rate and a density of a fluid to be neasured, the Coriolis flowreter

conpri shh9s fisfies @éornﬂsd%& %][f {06 }B%Wénttrtalrpsgnia:ﬂce{re%%%¥eahgﬂ@? whi ch
i s nodul at abl e; a first frequenty conversion section for shifting
in freﬂggg8¥Emggta constant frequency signal, an input signal frequency e
obt ai ne y converting a signal of one velocity sensor of the pair of

vi bration deiggt&on ?gnsors into a digital signal by a first A/D converter,
based on an ot %u? % guency ex], fromthe transmtter to nove the input

signal frequency to a desired frequency band; . _
9 9 g sfénal procesging ap%arat%s according to any one of claims

7, 8, 9, and 10, further comprising a clock for synchronizing an
output of the first A/D converter and an output of the second A/D
converter to synchronize a digital signal of one of the pair of
vibration detection sensors which is output from the first A/D
converter andadigital signal of another one of the pair of vibration
detection sensors which is output from the second A/D converter.

[Claim 12]

A signal processing apparatus according to any one of claims
7, 8, 9, 10, and 11, wherein the phase measurement section performs
processing of a discrete Fourier transform (DFT) or a fast Fourier
transform (FFT).

[Claim 13]

A Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is

alternately driven by causing a vibrator to be actuated by a driving
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a second frequency conversion section for shifting in frequency, to a
constant frequency signal, an input signal frequencyaobtained by converting
a signal of another velocity sensor of the pair of vibration detection
sensors into a digital signal by a second A/D converter, based on the
out put frequency Txn fromthe transmtter to nove the input signa
frequency to a desired frequency band; and a frequency neasurenent
section for nmeasuring a frequency of a first frequency signal, which is
obt ai neédvaset he copstanttiie equeheyst sighdl L avhrtodgh arhé hehipktiirng foy Land
output fromthe first frequency conversion section, and outputting the
measur edoés equency loést laefo f gtpHarseqiiehtyr sngmahdteov titvea t ram$smetitiencyo
control the output frequency so that the frequency after shifting by each
of theptopsttivequencya conwesBlonfsect it iang drhe 'seaand ehrsequercy low
conversion section is a desired frequency.
tube or the pair of flow tubes is detected by a pair of velocity
sensors or acceleration sensors which are a pair of vibration
detection sensors, to thereby obtain at least one of a mass flow
rate and a density of a fluid to be measured,
the Coriolis flowmeter comprising:
a transmitter for transmitting a frequency signal which is
modulatable;
afirst frequencyconversionsectionforshiftingin frequency,
to a constant frequency signal, an input signal frequency 6 obtained
by converting a signal of one velocity sensor of the pair of vibration
detection sensors into a digital signal by a first A/D converter,
based on an output frequency Oy, from the transmitter to move the
input signal frequency to a desired frequency band;

a second frequencyconversionsection forshiftingin frequency,
to a constant frequency signal, an input signal frequency 0 obtained
by converting a signal of another velocity sensor of the pair of
vibration detection sensors into a digital signal by a second A/D
converter, based on the output frequency 6x, from the transmitter
to move the input signal frequency to a desired frequency band;
and

a frequency measurement section for measuring a frequency of

a first frequency signal, which is obtained as the constant frequency
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signal through the shifting by and output from the first frequency
conversion section, and outputting the measured frequency of the
first frequency signal to the transmitter to control the output
frequency so that the frequency after shifting by each of the first
frequency conversion section and the second frequency conversion

section is a desired frequency.
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