S| GNAL PROCESSI NG METHOD, Sl GNAL PROCESSI NG APPARATUS, AND CORI QLIS
FLOWETER [ Technical Field] [0001] The present invention relates to a
Coriolis flowreter 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 quid to be neasured. [Background

Art] [0002] _A Cori % %% % % a E? poi nt
that a Cbr|o¥F§N%Br§ bé@ ﬁ%ﬁﬁ EEH¢§O g&@?%% 8 2 ?%§F€§Ube to be
vibrated is referred to as flowt g % #' nal to a mass flow rate
in a case where the fIOM/tubéNPhF§ g L&%i§%8w§£ #gid to be neasured flows
is supported at both ends and vibration is applied about a support point
inadirection perpendicular to af lowdirection of the flow tube. The
Coriolis flowreter is well known and a shape of a flow tube in the
Coriolis [Tevmrierl iBigkdladl y divided into a strai ght-tube type and a
curved-tube-type. [0003] The Coriolis flowreter is a mass flowreter for
detecting a phab®ailfference signal proportional to a nass flowrate in
symretrical positions between both end support portions and central
portion of a neaBhue gEsderntubiventiaaseltee tthe Camaure
t hrough which a fluid to be neasured fl ows

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]

A Coriolis flowmeter is a mass flowmeter based on a point
that a Coriolis force acting on a f£low tube (hereinafter, flow
tube to be vibrated is referred to as flow tube) is proportional
to a 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 toa flowdirectionof the flow tube. The Coriolis
flowmeter is well known and a shape of a £low tube in the Coriolis
flowmeter is broadly divided into a straight-tube type and a
curved-tube-type.

[0003]

The Coriolis flowmeter is a mass flowmeter for detecting

a phase difference signal proportional to a mass flow rate in

symmetrical positions between both end support portions and

central portion of a measurement tube in a case where the



is supported at both ends and the central portion of the supported
nmeasurenent tube is alternately driven in a direction perpendicular to a
support line. The phase difference signal is the quantity proportional to
the mass flow rate. When a driving frequency is nmaintained constant, the
phase difference signal may be detected as a tinme difference signal in the

observat | gn pocl tions 41,4 he Measurement | ube., J0004), en.Lhe ier nate

driving f 8 asur ube “i's ‘'made equal to the natural
frequency of th t be, dr i vi
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natural frequency and the phase difference signal is detected as the tine
di f f er encPFRARAICYHTOZC aTHEPRPF highte t uBBet PPRSEH I T $ehCs SwvPdr has a

structure in which, in a case where vibration is applied in a direction
per pendi cularthe quantiiyHprereet konal ofo ke Mia s Wi of "Res faj ght
tube supported at both ends, a displacenent difference of the straight

t ube whi chdrsv e eeguengyCos imaling aficredeconpipant | $heaphnae didiffefrenssce
signal is obtained between the support portion and central portion of the
strai ght tshgnahndap bassetklcawd a@te d st et edi £0ebased engnhé phagde
difference signal. 2 The straight-tube type Coriolis flowreter as descri bed
above observation positions of the measurement tube.

[0004]

When the alternate driving frequency of the measurement
tube is made equal to the natural frequency of the measurement
tube, a constant driving frequency corresponding to a density
of the fluid tobe measured is obtained, and hence the measurement
tube may be driven with small driving energy. Therefore,
recently, the measurement tube is generallydrivenat thenatural
frequency and the phase difference signal is detected as the
time difference signal.

[0005]

The straight-tube type Coriolis flowmeter has a structure
in which, in a case where vibration is applied in a direction
perpendicular to a straight tube axis of a central portion of
a straight tube supportedat bothends, adisplacement difference
of the straight tube which is caused by a Coriolis force, that
is, a phase difference signal is obtained between the support

portion and central portion of the straight tube, and a mass

flow rate is detected based on the phase difference signal.



has a sinple, conpact, and tough structure. However, the Coriolis

fl owreter al so has a problemthat high detection sensitivity cannot be
obtained. [0006] In contrast to this, the curved-tube-type Coriolis
flowmeter is superior to the straight-tube type Coriolis flowreter in the
point that a shape for effectively taking out the Coriolis force nmay be

sel ected. The nmass flow rate may be. actug|ly detect ] i

sensi ti vi t§*¢ &EEHEaHT gfypg 88?7?03?18 gi?r‘é&en‘_é raarsg%ge\e@ncterlrlaréldggﬁg‘efg as
driving neans for driving the flow tube. %Pe coil _and thﬁ nagnet are
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direction of the flow tube because_a positional relat Lgnﬁh'

t he ip, deyi.ation
bet ween t HOEHRI1anEleWee HaHnatsPs hafi @ MY SThERRF ofe I ﬁeﬁeggéémof a

curved-tube-type Coriolis flowreter including two parallel flow tubes, the
two paral |s$ns¥tiovry el oateRkiehee%o as to sandwich the coil and the
magnet. Therefore, a design is nmade so that the two opposed fl ow tubes
are separated froG&&Ech other at an interval to sandwich at |east the coil
and the magnet. [0007] O Coriolis flowreters including two flow tubes
| ocated in parali ebopktanes, ta Cbhisli $He | owneedr thbor hygpra IGorge ldiSanet er
ora Coriolis f lowre ter having high f low tube rigidity is required to
i ncrease ppyewmefedr i nupwans; aod thencetrdiglst rBges sayype3 dorisdidwi ch
| arge driving neans between the two fl ow tubes.
flowmeter in the point that a shape for effectively taking out
the Coriolis force may be selected. The mass flow rate may be
actually detected with high sensitivity.
A combination of a coil and a magnet are generally used
as driving means for driving the flow tube. The coil and the
magnet are preferably attached topositions which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet is
minimized. Therefore, in a case of a curved-tube-type Coriolis
flowmeter including two parallel flow tubes, the two parallel
flow tubes are attached so as to sandwich the coil and the magnet.
Therefore, a design is made so that the two opposed flow tubes
are separated from each other at an interval to sandwich at
least the coil and the magnet.
[0007]
Of Coriolis flowmeters including two flow tubes located
inparallel planes, a Coriolis flowmeter having a large diameter

oraCoriolis flowmeterhavinghighflowtuberigidityisrequired

to increase power of driving means, and hence it is necessary



Therefore, a design is nmade so that an interval between the flow tubes is
necessarily w dened even in a fixed end portion which is a base portion of
the flow tubes. [0008] As illustrated in FIG 16, a Coriolis flowreter 1
which is generally known and includes U shaped neasurenent tubes includes
a detector 4 for two U shaped neasurenent tubes 2 and 3, and a converter
5. The detector

4 fqr .the neasur.enent tubes d i u i_hrator 6
for resonanteNPI:t njjui%ee Cfl;rl%ale}fslﬁ'lrgerrrneer‘?tnstueets e%% atn§ %Wo gﬁl&eﬂf '?uég?'(ici ty

sensor 7 fqor detectin vi bration vel oci ener.at ed ’n a.left side of

t he measur gcﬁﬁ)’egéf%ﬁf@% i BRd%§C lf&yatthgrbilﬁligtré’ra GPeé:wreeﬁht%h\?el ocity
sensor 8 for detecti ng a vibration vel oci t%fﬁglenerat do z%_ﬁ%i %htt.si de of

t he measurfefRhttuhSthés BEGRASAT Vi Brigt &% Vibfat ofe 6, ST hgCF - o

tenperature sensor 9 for detecting a te&perature of a fluid to be
measur ed, YRFFRNS 3 RESE RIUGHR Hef N ur kMt *R&bes 2 and 3 at the
detection of the vibration velocity. The vibrator 6, the left velocity
sensor 7, the rifHiO8&lel ocity sensor 8, and the tenperature sensor 9 are
connected to the converter 5. [0009] The fluid to be neasured, which flows
through the nedsuridimsttragiessin BRA- SLof a Rerdetisl FEovmewpetle™hLchf | ons
fromthe right side of the neasurenent tubes 2 and 3 (side on which right
vel ocity semsgendraklyrkuodedintioinkéutiest Usistlep4dt mepsuirefieinge tawpeshi ch
| eft velocity sensor 7 is provided).
includes a detector 4 for two U-shaped measurement tubes 2 and
3, and a converter 5.
The detector 4 for the measurement tubes 2 and 3 includes
a vibrator 6 for resonance-vibrating the measurement tubes 2
and 3, aleft velocity sensor 7 fordetectingavibrationvelocity
generatedona left side of the measurement tubes 2 and 3 vibrated
by the vibrator 6, a right velocity sensor 8 for detecting a
vibration velocity generated on a right side of the measurement
tubes 2 and 3 vibrated by the vibrator 6, and a temperature
sensor 9 for detecting a temperature of a £luid to be measured,
which flows through the measurement tubes 2 and 3 at the detection
of the vibration velocity. The vibrator 6, the left velocity
sensor 7, the right velocity sensor 8, and the temperature sensor
9 are connected to the converter 5.
[0009]
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



Therefore, a velocity signal detected by the right velocity sensor 8 is an
inlet-side velocity signal of the fluid to be neasured flowing 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
flowing fromthe nmeasurenment tubes 2 and 3. Each of the left velocity

sensor 7 LAl ridhle (Bl aflion 1389506184 Chelebecy LBeokbDE dLsPY

vel ocities ma e an accel erati on sensor The con erter 5 of the

Coriolis flownretgl, %O Q%el%tcg%?t L’Jfgrﬁaglesbéiéglié‘&e% #d Grléﬁt The

converter 5 of the |s f I owne rrve roI ction 10,

a phase rrea ure nt sectl n 11 ef ature measuyr e t ctlon 12.
That is, ePt8r° %St% 8@ oI| ﬁf,’% Ste¥ HS Li ETetrqflpu gout put

port 15. dr|ve Si ut termn 16 included, i th ec nt r ol
section 109 ?%F‘S@Fg‘@d gf?ﬁ?ang Hp TSP t'fg T%earb# :é\Ie gont r ol
section 10 outputs a predeterm ned node Si 1g—jlnal fromthe drive S|gnal
output t SFMiGEH Y ¢ igeathdefrritatoPY 6t At e hed $ P T He r?@é?iﬂrer?er’f Bibes 2
and 3 to resonance-vi brate the neasurenent tubes 2 and 3. [00Q11] ,The drive

si gnal outgtitletersidmrelncisy coieck 88 the 41udf ke beineafureBiLAriagh an

anplifier 17. The drive circuit 5 18 generates a drive signal for
r esonance-faw dtiehgnegmuirement tubes 2 and 3.

Each of the left velocity sensor 7 and the right velocity
sensor 8 which detect the vibration velocities may be an
acceleration sensor.

[0010]

The converter 5 of the Coriolis flowmeter has a block
structure as illustrated in FIG. 17.

The converter 5 of the Coriolis flowmeter includes a drive
control section 10, a phase measurement section 11, and a
temperature measurement section 12.

That is, the converter 5 of the Coriolis flowmeter has
an input and output port 15. A drive signal output terminal
16 included in the drive control section 10 is provided in the
input and output port 15. The drive control section 10 outputs
a predetermined mode signal, from the drive signal output
terminal 16 to the vibrator 6 attached to the measurement tubes
2 and 3 to resonance-vibrate the measurement tubes 2 and 3.

[0011]

The drive signal output terminal 16 is connected to a

drive circuit 18 through an amplifier 17. The drive circuit



measurenent tubes 2 and 3 and outputs the drive signal to the anplifier
17. The anplifier anplifies the input drive signal and outputs the drive
signal to the drive signal output termnal 16. The drive signal out put
fromthe anplifier 17 is output fromthe drive signal output term nal 16
to the vibrator 6. [0012] A left velocity signal input termnal 19 to

to th 6 Teft veloc | term -
Si'de of (RS mOREOPAREAL TuBEA'D APy BPR c by TRe W hraor 61 § nput

'S provi ded I, Lhe IRy ANd QUPHL BOLL 15 ThR. delt. el el v sigpal

i nput ternina uded™in the ™ p measuar enen A right

velocity signal_.in termnal 2010 which detection sjgnal of the
vi bration V&rﬁﬁcﬁ%i}péteznerg{%am%ﬁt%er A %eﬁeg%? Jfrﬁ%utmed reeﬁéﬁpa?ubes 2
and 3 vibrated by the_ vibrator, 6 i.s input._is prqvided in the input_and
ot put  portid PEEBHHE TP LURIHHENAY 59 GiE8 AF REGE E8RT AP0 L REf uded
in the phase neasurenent section 11. [0013] . The phase neasurenent section
11 per f or S A/ BhCoAVEVEI BHINBA PREPYF bt BRT oS iagi iH 1GT tie 15aPHEBRE
velocity sensors in the case where the predeterm ned node signal is output
from the drewehs ghalveodignak QUi tegmigalhd bvitler &06r VEPAPLRENEd to
the nmeasurenent tubes 2 and 3 to vibrate the neasurenent tubes 2 and 3 by
the vibrator 6, t@@iXereby performdigital 6 conversion processing, and
t hen obtains a phase difference

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 vibratedby the vibrator
6 is input is provided in the input and output port 15. The
left velocity signal input terminal 19 is included in the phase
measurement section 11.

A right velocity signal input terminal 20 to which a
detection signal of the vibration velocity generated on the
right side of the measurement tubes 2 and 3 vibrated by the
vibrator 6 is input is provided in the input and output port
15. The right velocity signal input terminal 20 is included
in the phase measurement section 11.

[0013]

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, to thereby perform digital



bet ween the converted signals. The left velocity signal input term nal 19
is connected to an input termnal of an anplifier 21. An output term nal
of the anplifier 21 is connected to an A/D converter 22. The A/ D converter
22 converts, into a digital value, an anal og signal obtained by amplifying
the vibration signal output fromthe |left velocity signal input termna

19 by the anplifier 21. The A/ D converter iS CoO ting
devi ce 28ONVEEEAPT BHATES e f1h?ﬁﬂ%§% @n%i%2§ﬁ£$%p%?f?%$%ﬁggl 20 is
connected to an input termnal of, an_anplifier 24. An output term nal of
the anpl i PEEWEED (TS GIMYETEES §1@TAFD converter 25. The A/D converter 25

converts, into a digital value, an analog signal  obtained by a Lifying
the vibration siT§faledbtPRACCH vy tgREEVEFBRIES siyndl c¥ﬂ5§$ £@r ni nal
20 by the anplifier 24. Further, the digital signal output fronlthf A'D
convert er ta2Bn §npugutervinhe ebnputdmRl Helhte2 3. APOOEEPULFEFFRERS a
tenperature signal input termnal 26 included in the tenperature

neasur enertf sbéet poplifies hith cordead@d 60 anah (R JIWBBELRE RenpeFatur e
sensor 9 is input is provided in the input and output port 15. The

t enper at urZe/ INeasue eoENR 2 EETte Ors 1 2nperfdrgkta Livaluenmseranated edFpehsati on
based on the 7 detection tenperature obtained by the tenperature sensor 9
whi ch 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.

[0014]

Further, the right velocity signal input terminal 20 is
connected to an input terminal of an amplifier 24. An output
terminal of the amplifier 24 is connected to an A/D converter
25. The A/D converter 25 converts, into a digital value, an
analog signal obtainedbyamplifying the vibration signal output
from the right velocity signal input terminal 20 by the amplifier
24.

Further, the digital signal output from the A/D converter
25 is input to the computing device 23.

[0015]

Further, a temperature signal input terminal 26 included
in the temperature measurement section 11 to which a detection
value from the temperature sensor 9 is input is provided in
the input and output port 15. The temperature measurement

section 12 performs tube temperature compensation based on the



is provided in the neasurenment tubes 2 and 3 and detects an internal
tenperature of the nmeasurenent tubes 2 and 3. A resistance type tenperature
sensor is generally used as the tenperature sensor 9 to neasure a

resi stance value, to thereby calculate a tenperature. The tenperature
signal input termnal 26 is connected to a tenperature measurenment circuit

27. The ! JIRAIALWL: BSI GIPBh G hEUNy Ao EehbULAL AR AR AIAALN

tenperature of 'the asurenent tubes 2 and ased on the resistance val ue

ot oo ? ERRLLSIRCR! e SISOk Renl e bBLCR Bha! STRRAARUE Ecr O ahne

measur ene ubes ich's cal culate enperature

measur ement tci rCl{ pr%‘t%q%&k%}iur}%utq%%h%g%ec%rﬁg%%%%me veisc 23:q [30016] In the

pBase nea;ll?r sitng rioll er as déscri bed
above, vibration is aggl ied i{n a pri rrara/ node, to t.he neasu «irrent (tiubes 2
ANge LYPE HETPT A F1es 415 Ukg

and 3, from the’VFBPAPEPES GYPECHEEPTD measitetenf tibes % dRd“3. when
the fluid to_ be nmeasured flows into the measurement, tubes 2 gnd 3 while
the vibr&S RS SCHBBFREUTCSHPERE InbQePESPF B dSP iHFAME WBastr ehBnt
tubes 2 and 3. Therefore, the signal (inlet-side velocity signal) from the
right vel dé1a8ENefSdiC Bat® the SIRFFATYSUt | et - si de velocity signal) from
the left velocity sensor 7 in the Coriolis floweter 1 are output as a
formin which t e wempegisdivs carsd I@de Ainppds ET1g g4 8&cRSofRBASCASS| gnal
output as the formin which the two
to a temperature measurement circuit 27. The temperature
measurement circuit 27 calculates the internal temperature of
the measurement tubes 2 and 3 based on the resistance value
output from the temperature sensor 9. The internal temperature
of the measurement tubes 2 and 3 which is calculated by the
temperature measurement circuit 27 is input to the computing
device 23.
[0016]
In the phase measurement method using the Coriolis
flowmeter 1 as described above, vibrationis appliedinaprimary
mode, to the measurement tubes 2 and 3, from the vibrator 6
attached to the measurement tubes 2 and 3. When the fluid to
be measured flows into the measurement tubes 2 and 3 while the
vibration is applied, a phase mode is produced in the measurement
tubes 2 and 3.
Therefore, the signal (inlet-side velocity signal) from
the right velocity sensor 8 and the signal (outlet-side velocity

signal) fromthe left velocity sensor 7 in the Coriolis flowmeter

1 are output as a form in which the two signals are superimposed



signals are superinposed on each other includes not only a flow rate
signal but also a |large nunber of unnecessary noise conponents. In
addition, a frequency is changed depending on, for exanple, a change in
density of the fluid to be neasured. [0017] Therefore, it is necessary to
remove an unnecessary signal fromthe signals fromthe right velocity

sensor 8 and the | gt vel oci t en 7. ver, . to shYehYcHifflgult to
rml in! whYEhYeHETE4S!
renove th&" ﬁﬁﬁ§c8§ Sy g’%*ﬁ%?gﬁ‘fo%ﬁ} e & gn\e%fes fromthe 1ight velocity
sensor 8 and the left velacity sensor z}t cal cul he Qg%ﬁf FHgL her
g . a Lo
t he CorlOFF§HEQ§WHE?@Wpfﬁ¥§¥5%F§ﬁo?éﬁﬁi gghFEJJ#3©%%V%rthlg L Oréci si on
measur enent and hi gh- speed respons§. I n orger t sq%igggégqgh noise
requi renedBse £BHut PR 8dFPcé ntRTHY ™WBPY T c Siipl € Tonput at i 0n™ and
hi gh- processing performance_is  necessary, and hence t$ Coriqlis flowreter
1 itsel f iCOMPONENtExpeRBialditARRy, 2 HEETHIOY it FPANRE! dEPEE P28 an
establ i shed phase difference nmeasurenent nethod usjng both an ogtinum
filter alfmayexBipleo a FRARIE difeFErFiEqUesclhand W hitghPepBEASEERYut i ng
met hod. [0018] In conventional phase difference neasurenent nethods of
calculating a fll®wLl7dte, a filter processing nmethod of renoving noise is
divided into a nethod using an analog filter and a nethod using a digital
filter. 9 The mmﬂanéﬂmﬁauﬁther&ﬂaaﬁyﬁﬂt@éﬁmﬁﬁ?aﬂ#$@#%ﬁ$%%WWSlgnal
from the signals from the right velocity sensor 8 and the 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
havevery—high—precisionneasurementandkﬁgh-speedresponse.
Inordertosatisfysuchrequirements,acomputingdevicehaving
very-complex computation and high-processing performance is
necessary, and hence the Coriolis flowmeter 1 itself is very
expensive.

Thus, the Coriolis flowmeter 1 requires an established
phasedifferencemeasurementmethodusingbothanoptimumfilter
alwaysfittx:ameasurementfrequencyandakﬂgh—speedcomputing
method.

[0018]

In conventional phase difference 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.



i nexpensi ve (see, for exanple, Patent Docunment 1 and Patent Docunent 2)
However, Patent Docunent 1 and Patent Docunent 2 have a limt to inprove
the perfornmance of the filter, and hence, there is a problemthat the
filter is not sufficient for the Coriolis flowreter. [0019] In recent
years, a large nunber of Coriolis flowmeters wusing digital signa

processi ng have been devel oped, and the . nethod usi t L gl ilter
has been devel opE8 E?tpﬁg'H%Hﬂ%‘tﬁﬁwﬁﬁﬁﬁﬁqufﬁgh %xﬁ%%:$§ﬁg%?%%f*%§%e in
t he conventional phase difference gﬁasurenen gethodsF?i gglcy£géﬁgg t he

f1 ow r at e inEXREPEA¥ Sofl S€6nV ERE] EKATPL§peS2EFRtnEOEHIFD OWET €F S
using digital signal processing include a nethod of asur | a _phase
< Bk tibntosy

usi ng a FoeCu@ents ahsf oEAVEERl, FarerikARTEeBatleAlt Rd a
met hod of selecting an optimumtable fit to an input freguﬁgcg fromfilter
tabl es i n@l baivegaal hoithteiirrrovaridia REFHERERISCS Ot &Rt 51 nEGSur@™A phase
(see, for exanple, Patent Docunent 4 and Patent Docunent 5). [0020
<<Phase Me@suresmeherebtisod priohdeRothipsr theahdtsekpssAnebniBFE&F18F Tt he
Coriolis flowreter based on the phase neasurenment nethod using the Fourier
t ransf or mfras thebloaaki olsiter dtawmetasc.i | lustrated in FIG 18. In FIG 18, the
|l eft velocity signal input terminal 19 provided in the input and out put
port 15 to whichoigh®ldetection 10 signal of the vibration velocity
(outlet-side velocity signal)
In recent years, a large number of Coriolis flowmeters
using digital signal processing have been developed, and the
methodusingthedigitalfilterhasbeendevelopaiasthefilter
processing method of removing noise in the conventional phase
difference measurement methods of calculating the flow rate.
ExamplesofconventionaltypesoftheCoriolisflowmeters
using digital signal processing include a method of measuring
a phase using a Fourier transform (see, for example, Patent
Document 3) and a method of selecting an optimum table fit to
an input frequency from filter tables including a notch filter
and a band-pass filter to measure a phase (see, for example,
Patent Document 4 and Patent Document 5).
[0020]
<<Phase Measurement Method using Fourier Transform>>
A converter of the Coriolis flowmeter based on the phase
measurement method using the Fourier transform has a block
structure as illustrated in FIG. 18.

In FIG. 18, the left velocity signal input terminal 19

provided in the input and output port 15 to which the detection

10



which is generated on the |left side of the neasurenent tubes 2 and 3
vi brated by the vibrator 6 and which is detected by the left velocity
sensor 7 is input is connected to a |lowpass filter 30. The | ow pass
filter 30 is a circuit for extracting, through a frequency filter, only a
| ow-frequency left velocity signal (outlet-side velocity signal) fromthe

| eft vel oci,t si gnal utl et -side vel oci L gnad Q}létl%l.git&rg Lhey left
vel ocity sc’éﬁg‘&l %g&g‘tee t Jﬁ%tf%%v ﬁt?rcéttiyoﬁ(g%{/t_éf%%i %y&%enerate g% tﬁ)e | ef t
side of the neasurenment tuhes 2 an\cj]i3 in.the wher Lgment
tubes 2 afiShats IPBRERERSLT™t He® %’f}tats&ré]e é’.cfaﬁg‘SszgSﬁﬁ%Q?%gf%ggs filter
30 is connected to an A/D converter_  31. The A/L.D &ﬁnverte(ri ﬁlcgogv rts,
into a di gi e&C 3i yRRFateRe LY P VAPERELY §i GRYI RAFEhFsOThECHRAI 8¢ si gnal
output from the lowpass filter 30, The |left vel ocitg siC?na!l obt ai ned as
the digi t &heslghl vOYOLHFY &eISHT Byt R DISoROBPEEFE315T & 1PHpEESEo a
phase difference nmeasurenent unit 32. The A/D converter 31 is connected to
a timng deddreatdp. 3the Thw-pesicnkl Heresdt bF B31HEHeF ARt RAFAGTof
sanpling Mtines (Mis natural nunber) the input frequency. [0022}11 On the
ot her handhndweylr agitequedrony 1fy;l§i€gma¢n13ﬁ@uﬂ-0b’efﬁ?ﬁaﬁncquﬁltoi\i?é@ﬂ1 W the
i nput and output port 15 to which the detection signal of the_vibration
vel ocity (dijretl sicde heal-aridey velgralty siynali)crion goeedgfedvEeAOEREYT i ght
side of the neasurenment tubes
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.
[0021]
The low-pass filter 30 is connected to an A/D converter
31. The A/D converter 31 converts, into a digital signal, the
left velocity signal which is the analog signal output from
the low-pass filter 30. The left velocity signal obtained as
the digital signal by conversion by the A/D converter 31 is
input to a phase difference measurement unit 32.
The A/D converter 31 is connected to a timing generator
33. The timing generator 33 generates a timing of sampling
M-times (M is natural number) the input frequency.
[0022]
On the other hand, the right velocity signal input terminal
20providedintheinputandoutputportlStovmichthedetection

signal of the vibration velocity (inlet-side velocity signal)
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2 and 3 vibrated by the vibrator 6 and which is detected by the right

vel ocity sensor 8 is input is connected to a lowpass filter 34. The

|l ow-pass filter 34 is a circuit for extracting, through a frequency
filter, only a low f requency right velocity signal (inlet-side velocity
signal) fromthe right velocity signal (inlet-side velocity signal) output

fromthe Ly 4oL %{rgt 59Tk JaLEE! Lide de P bRkl YRIRCLLYes

gener at ed e of asurenent tu in the case
shers he EAMETSIL LUBER 2 003,058 o @%ésbzﬁs@%@%aéa% (0023
Wi ch i o (e EREPET I SOERUE P o nEHE ToRcoRes T o 39 HREETT ah
Convert o Toar °PESL<f”e$a%?~h@ta%%a€ TRt RS
[ ng. erdmais? 83 KRt ber niAg 1ot LURRBRONE Y T (RLPESha ural
nunber) the |nput frequenc [ 0024] Furt her, the right veIOC|ty si gnal
i nput t er Mg 0l ingredvisdete iveliasd tyhpuonadd SHPUENSoFEINE VELRRAER t he
detection signal of the ylpratlon_veloqltyléenlet side velocity signal)
whi ch is gergrad etinhet heide gielordeyofsigne lieasiimientrembese ¥2ghtand 3
vi brated by the vibrator 6 and which is detected by

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.

[0023]

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 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 measurement unit 32.

Further, the A/D converter 35 is connected to the timing
generator 33. The timing generator 33 generates a timing of
sampling M-times (M is natural number) the input frequency.

[0024]

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 velocity signal)

which is generated on the right side of the measurement tubes
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the right velocity sensor 8 is input is connected to a frequency
measurenment unit 36. The frequency neasurenent unit 36 neasures the
frequency of the detection signal of the vibration velocity (inlet-side
velocity signal) which is generated on the right side of the neasurenent
tybﬁf 2 ?nd_? V|brated8by the vibrator 6 and which is detected by the

right velocity sensor 8. The frequency, neasure i 36

t he tlnlﬁgaﬁgnéréﬁgFa§§§ gﬁeLg?e&bgﬁ%§oﬁe§sﬁ?ggﬂ%§gﬁh%sf?%%%%%%@qﬁ?ted Ho
nmeasurenent unit 36 is qutput to the timng. generator 33. T im.ng of
sanpl i ng MPEi Fed§ NP A& LT 3 ST The? )lnPH«Eng%SSPneF(r% ﬁlu%%@yﬂ?esq%éerqnaesf gt ed by
the timng generator 33 and output to the A/D convertet%.%} and 35. The
phase di f lepshEemeassidneht THIQ TBIURRSY PEAPHESTGRh& A ot® B32°4hT " t he
frequency neasurenent unit 36 are included in a phase nmeasurepent

conput i ng tilevicequency @F28he detedid OphasE A Ssur BFEMCTREIBI BsPAg“Y he
Fourier trans formas illustrated in FIG 18, the input signal (inlet-side
vel oci ty diigialt) sfidenvehecriityhsigeabtiviicknspIsggmrtad on gHSuF-g]PB t he
frequency neasurenent unit 36 to neasure a frequency. The frequency

nmeasur ed by deheff ties wercyu mresir epbrts 2rmnd 36vibsatadly tée HébTRRPHg
generator 33. The timng of sanpling Mtinmes (Mis natural nunber) the

i nput freqgueRry wks cgener aleatkctad tdye thiemimigrhge verlatdrit 3@ easdr fput to t he

A D converters 31 and 35. 13 Further, the detection signal of the

vibration vel ocifthe 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
generator33,andthefrequencyneasurementunit36areincluded
in a phase measurement computing device 40.

[0025]

In the phase measurement method using the Fourier
transformasillustratedinFIG.18,theinputsignal(inlet—side
velocitysignal)fromtherightvelocitysensorEBisfirstinput
to the frequency measurement unit 36 to measure a frequency.
The frequency measured'by the frequency measurement unit 36
is input 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 input to the A/D converters 31

and 35.
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(outlet-side velocity signal) which is generated on the left side of the
nmeasurenent tubes 2 and 3 and obtained as the digital signal by conversion
by the AID converter 31 and the detection signal of the vibration velocity
(inlet-side velocity signal) which is generated on the right side of the
measurenent tubes 2 and 3 and obtained as the digital signal by conversion

b t heA/ D t 35 | . h | i
by hEAD convariet 32 B1e I A Wingihase T asencsfeastastept | i

t f ci ar oErler- ansf or ne Iscrete Fourier
ransform unit incqrporated.in the se . difference e t it 32
and a pha§QU§#@FéFéﬂ€eV?iog6ﬁ§uFéﬁnggg§g%ﬁg% W r 9%§abe%§g%hgggr%%
conponent and i nmagi nary conponent of_the converted signals. [002
<<Phase l\/@éréi@r%?ré%@ A FOE TR h G UBegi 4 QPSF% Apgta %Fttz}esé(l)?lg%i%

Coriolis flowreter based on the phase neasurenent _neth usi.ng the digital
filter areigeedr PreePwiersioRier ERe A 10 SHROER S é&t%ﬁ‘gﬁh& ga?gﬁglon
|!Iustrateq in FIGS. 19 and 20. Frequency, sel ectjon nmeans such as ? not ch
filter or sigrdndfpelee vibmadriqrsvesdeaisy {Helefi ufide VLAY ARI%A N ratio
of an input signal is inproved using the frequency selection neans such as
t he not ch whildrer sogehbrabaddomade frilghsr sife@L 191§ MegsraMestathPeek
structure of a converter of the Coriolis flowreter using the notch filter
as thF di @i taald 3 idriceobthd ritke aisnpulie digisatlpstgpedt bysconNerFare P¥El ocity
si gna
theA/Dconverter35areinputtothephasedifferencemeasurement
unit 32. The detection signals are Fourier-transformed by a
discrete Fourier transform unit incorporated in the phase
difference measurement unit 32 andaphasedifference is computed
based on a ratiobetween a real component and imaginary component
of the converted signals.
[0026]
<<Phase Measurement Method using Digital Filter>>
Converters of the Coriolis flowmeter based on the phase
measurement method using the digital filter are described with
reference to block structural diagrams illustrated in FIGS.
19 and 20.
Frequency selection means such as a notch filter or a
band-pass filter is used as the digital filter. An S/N ratio
of an input signal is improved using the frequency selection
means such as the notch filter or the band-pass filter.
FIG. 19 illustrates a block structure of a converter of

the Coriolis flowmeter using the notch filter as the digital

filter.
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input termnal 19, the right velocity signal input termnal 20, the

| ow-pass filters 30 and 34, and the AID converters 31 and 35 as
illustrated in FIG 19 have the sane structures as the input and out put
port 15, the left velocity signal input ternminal 19, the right velocity
signal input termnal 20, the |owpass filters 30 and 34, and the A/D

converters 31 and 35 i | Lust din El G j

FIG 19, (he A Bﬁeoaggﬁ PG SHERNE had G shE ASREPFELLKELY eyl (T
ilter sel ect _ b . . i i . Wi i
bt &1 ned ADPMG SENEAL SPgnaPe By RnVErSEshTny PR iRl LaRES" (o

as to inprove an S/'N ti f i i
il ter SLa% SBANbEVEERED B DHRcE 1oaStr shertod e D CRREephagE i

nmeasurenent unit 52 neasures a phase of the left velocity signal which is
obt ai ned aad BE agilanssrghal 1ByFEdnvkt SIHHF & \ﬁﬁf”@hnguF FG¥edin S/N
rati o by the nptch filter 51. Further, the notch filter 51 is connected to
a frequendche mmasyr emdnoutpiltt BTt THe: frheyd&fdy vedesdtanEnenan tRBYt
nmeasures a fr'equency of _th.e left velocity signal which is obtained as the
digital signaliral convehsioighindelliciity sionploveput FemNLFatil BYet he
notch filter 51. The frequency neasured by the frequency measurement unit
53 is i nputow-pddie Alatelrsf Blot end5314, 18n@ 028]A/D converters 31 and 35
as illustrated in FIG. 18, respectively.
[0027]
In FIG. 19, the A/D converter 31 is connected to a notch
filter 51. The notch filter 51 selects a frequency based on
the left velocity 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 velocity signal which is obtained as the digital signal
by conversion and which is improved in 8/N ratio by the notch
filter 51.
Further, the notch filter 51 is connected to a frequency
measurement unit 53. Thefrequencymeasurementunit53n@asures
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.

Thefrequencyneasuredknfthefrequencyn@asurementunit

53 is input to the notch filter 51.
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Further, the A/D converter 35 is connected to a notch filter 54. The notch
filter 54 selects a frequency based on the |left velocity signal which is
obtained as the digital signal by conversion by the A/D converter 31, so
as to inprove an S/IN ratio of an input signal to be output. The notch
filter 54 is connected to the phase nmeasurenent wunit 52. The phase

nmeasur enent uni% %ésgeasures a phase of the right velocity signal which is
obt ai ned as t he ‘gt al signal by conversion and which is inproved in S/N

tio by th tch filt 54., Furth the _fr
frequenty  measERERERE. uRPE 44D] OTHEGEE oS PheS uPRner heeroch hthor 11
FIG 19, a clock 55 is used for_synchroni zation, and _input %o tge A/ D
convert er $13tean 435 Tl AR ot L% e ec??&n\?egfggu@ “dnd°the A'D

converter 35 with each other. The notch filters 51 aﬂdé§4. tqf hasg
measur emerieuk@ £t VBAOCHRY $ @k By CRek® BPEARREN T FR8 S Hhid ﬁgg%? ck 55

are included in a phase neasurenent conputing device 50. [0030 FILG 20
i || ustrat éy aobierkionrirtuhe AdP GOBBAVERPE L ofSO RReCCOTIRHTE PPoREt er
usi ng the band-pass filter (BPF) as the digital filter. The input and
out put pordatlipy dfher dffpurelsdgnal diqgis OUtBWR- terminal 19, the right
vel ocity signal input termnal 16 20, the lowpass filters 30 and 34, and
the A/D convert @t Rdtch 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 the digital signal
by conversion and which is improved in 8/N ratio by the notch
filter 54.
Further, the frequency measured by the frequency
measurement unit 53 is input to the notch filter 54.
[0029]
In FIG. 19, 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.
The notch filters 51 and 54, the phase measurement unit
52, the frequency measurement unit 53, and the clock 55 are
included in a phase measurement computing device 50.
[0030]
FIG. 20 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, the right velocity signal input terminal
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and 35 as illustrated in FIG 20 have the same structures as the input and
out put port 15, the left velocity signal input termnal 19, the right
velocity signal input termnal 20, the lowpass filters 30 and 34, and the
Al D converters 31 and 35 as illustrated in FIG 19, respectively. [0031]
In FIG 20, the A/D converter 31 is connected to a band-pass filter (BPF)

61. The bapd- passi bl %sgs 18 OId GUid 3EOT an@ XU AG i GontRERUIR 81

frequency ter, ~onl ocity Sidgnal having a set frequency

(out] ot side, vl ggi Ly gkggpfﬁpﬁ%pﬁwt NS L9l Lout) g1 of de

vel oci ty 5 SF§26u t vel ocity sensor etecting
the vibration vel OCIt ated o t..si.de of. the measut t

t ubes 2 antg“es m&twﬁfléhOﬂg t%?ﬁ‘édf%’sn"tekhee Hi 1 og Siigar 1By icoﬁnggm on by
the AID converter. 31 in the, case where the asure t ub a 3 are
vi brat ed BPEHSAY BPat bR 6 19He SIREs S1BPPLef B4 %e%ﬂ?itzéd Eg €aphase

measurenment unit 62. The phase neasurenpent unit 62 neasures a phase of the
left vel odiaw RaAsghL Wieeh 3i0s 288t af nedPAstihe i idale i hial 8;9/1 coAversi on
and which is inproved in SINratio by the band-pass filter 61. [0032]
Further, tdfe Bandirered iin #1&1 §S camrattddaloya frequency neasur ement
unit 63. The frequency neasurenent unit 63 neasures a frequency of the
left velocity sil®allwhich is 17 obtained as the digital signal by
conversion by the A/D converter

InFIG. 20, theA/Dconverter 31 is connected toaband-pass

filter (BPF) 61. The band-pass filter 61 is a circuit for
extracting, 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.

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 is obtained as the digital signal
by conversion and which is improved in S/N ratio by the band-pass
filter 61.

[0032]

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
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31 and which is inproved in S/INratio by the band-pass filter 61. The
frequency neasured by the frequency neasurenent unit 63 is input to the
band-pass filter 61. [0033] Further, the AID converter 35 is connected to
a band-pass filter 64. The band-pass filter 64 is a circuit for
extracting, through a frequency filter, only a right velocity signal

having a set .fregque inlet-side veloci '-ggﬂ[ r

vel ocity Qi"&ﬁ‘&lne?i g{%& (%Lt\?; %%ﬁ?%/l g&é:(r:loanf )e%nll C %55%%{?&?&\1{%%%1{ he
right velocity sensor 8 detecting.th i bratiqnvel oci _ r n the
right sidélofPehEbnelsti elﬁﬁ’rﬁovteﬁgé? g/ énﬁa%m gor}ﬁ%\ﬂ% %hylldsg%lg)? a?%ggegs t he
digital signal by conversion by the AID converter 35 in the case where the

measur ene®tl -t ubes 2 and 3 are vibrated by the vibrator 6. The band- pass
filter 64 is connected to the phase _ neasurenent unit 62. The phase

measur enent uni ThE2f HRAYEREE me&‘%ﬁeblﬁftk{%gr?@??n%I“Iﬁﬁstlﬁfeé‘}edﬁa\m\l/\ﬁi chis
obtained as the digital signal by conversion and which is inproved in S/ N
rati o by ézhe shampyrads file st PdF0I4] tethé band- pass filter 64 is
connected to the frequency neasurenent unit 63. The frequency neasured by
the frequency n@aswlenent unit 63 is input to the band-pass filter 64. In
FIG 20, a clock 65 is used for synchroni zation, and 18 a cl ock signal
fromthe clock Grdthdmpthetiyn heniébtevrdfeiserannected to a band-pass

filter 64. Thehmnd—passfilter64jj;acircuitforextracting,
through a frequency filter, only a right velocity signal having
a set frequency (inlet-side velocity signal) from the right
velocity signal (inlet-side velocity signal) which is output
fromtherightvelocitysensorBdetectingthevibrationvelocity
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 comnnected to the phase
measurement unit 62. The phase measurement unit 62 measures
a phase of the left velocity signal which is obtained as the
digital signal by conversion and which is improved in S/N ratio
by the band-pass filter 64.

[0034]

The band-pass filter 64 is 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. 20, a clock 65 is used for synchronization, and
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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 neasurenent
unit 62, the frequency neasurenent unit 63, and the clock 65 are included
in a phase neasurenent conputing device 60. [Prior Art Docunent] [Patent
Docunment] [0035] [Patent Docunent 1] JP 02-66410 A [Patent Docunent 2]

JP 10-503017. A  [Patent Docunent 3] JP_ 2799243 .B__[.Rat 4] JP
2930430 B2 FHFEM TeufERn ’%?e fﬁ‘%"é‘l@iz’zs I%n[péll}n%%rty&o??%}h%ﬁwnggﬁ Ton]

[ Problens to be solved by the Invention 036]. In e se enment
met hod us?ﬁgﬂF%%5F@ﬁMQﬁthW%ﬁ%?%?ﬁ(ﬁ§4§¥éﬁ'q¥ ?ﬂdégféﬁﬂ? %ﬁ%ﬁ§%£3, when
the input frequency of the input detection signal of the vibration

vel ocity 3i5s wishseash cihgfase neasurenent met hod having

very-hi gh-frequency selectivity may be performed because the Fourier
transformis us&def banfirpagenéylseract’ oind iidweFde PRASENBSARIHRBYECTEI ng t he
Fourier transformas described in Patent Docunent 3, when the input
frequency wfit ®he thpufrdgtientioneasgnanent Wikt ddr AT APeFderky®Ps

changed 19 according to a density or a tenperature, it is necessary to
are included in a phase measurement computing device 60.

[Prior Art Document]
[Patent Document]

[0035]

[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]

[0036]

In the phase measurement method using the Fourier
transform as described in Patent Document 3, when the input
frequencyoftheinputdetectionsignalofthevibrationvelocity
is constant, a phase measurement method having
very-high-frequency selectivity may be performed because the
Fourier transform is used for frequency selection.

However, in the method using the Fourier transform as
described in Patent Document 3, when the input frequency of

the input detection signal of the vibration velocity is changed
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change the transform nethod or the sanpling rate. Therefore, the conputing
cycle or the conputing nethod is changed, and hence a neasurenent value is
vari ed and thus unstabilized. [0037] In addition, in the method using the
Fourier transform as described in Patent Docunent 3, when the input
frequency of the input detection signal of the vibrationvelocity is

chatoes sccoraing 10"\ neeceral s o Lo Lomecl (e LU LS desedoacy 1o

e sanmpl 'rng rate é input requencty of the
i nput vibration vel oci t ignal ,..and hepce ' .S, ve i cat ed.
Therefore#%ﬁﬁ%%tgg %?%g%ﬁ?g%wﬁﬁﬂ?fﬁﬁéﬁﬁ?ﬁ?ﬁéﬁﬁﬁfg?ﬁgh E¥e§§g8¥%bid to

be nmeasured is rapidly changed or _the densi,t is.rapi.dly, changed m Xi ng
H%ﬁpgppgipgg 18 ¥n&ndad Q&

ai r bubbl &8'§ IR GYFLT RE ThEaSaME Pon®i §7eXkeremefly

reduced. Further, the nethod using the Fourier E{ansforn1%? ,qgigr-bed in
Pat ent Dod\fFsift 38 MPASUF NG A LUTatl S FEHEhémd VS MR RG 16Eessi ngs

becones very | arge because of the execution of the Fourier transform
[0038] In the n®OBdds of selecting the optinumtable fit to the input
frequency fromthe filter tables including the notch filter and_the
band- pass filterln eddédsone fihethhasethed desErg Hete FRUIPSrefT2RSERHBNt 4
and Patent Docunent 5, when the sanpling rate is held, the design nay be
sinplifieds 2kddvihest imPaternth@ammerd 3si mperhébrodnPet CrEAseaFn

oftheinputdetectionsignalofthevibrationvelocityischanged

according 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 processings becomes very large because of the
execution of the Fourier transform.

[0038]

In the methods of selecting the optimum table fit to the
inputfrequencyfromthefiltertablesincludingthenotchfilter
and the band-pass filter to measure the phase as described in

Patent Document 4 and Patent Document 5, when the sampling rate

is held, the design may be simplified.
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as described in Patent Docunent 3, the phase neasurenent nethods wusing the
digital filter as described in Patent Docunent 4 and Patent Docunent 5
require a very large nunber of filter tables corresponding to changed

i nput frequencies, and hence have a problemthat nmenory consunption of a
conputing device is large. In addition, the phase neasurenent nethods using

the digital fih%%%v?%rgggcﬁg?ﬁﬂeiHFEﬂganhnggrgﬁﬁtFéuﬁﬂgrP@£§H§fogﬁpunﬁnt

5 have a probl emtha S fcult ' to se e optimumfilter in a

case where the input.fr en rapi dl C E
measur emef® Nt Ho e%%Fﬁ%H¥ﬁ§y8?§??§P¥3¥iP@%ggégeﬁgg%gﬁﬁﬁﬁ |nm€g?§§§
Docunment 4 and Patent Doc t 5 haye a probl.em.t hat V r.g unber
of conput é’tsil@ﬁstﬁg é13r%3qtiﬁ‘fg§qtt§ri ﬁﬁr% le‘ﬂ?s% ér?g%asgptégq?%%ﬁepﬁét?#ogﬁgnce.
[ 0039] The phase neasurenment mnet hods usig%@the d%git thktert %?
descri bed D8P4t BREUBBRE e ME B 5> PA Bh t DSEURBRPSE Hadd L Hhe FBIFBwi ng
problens. (1) The nethod cannot follow the change in in ¥} frequency at
hi gh pr ecicora1eSPRRRting toj hpBIGe, JRBYE fF LAY O T Rald HEEs faé(ﬁe%t ina
case where the density of the fluid to be nmeasured rapidly changes because
of air bulEcedlenkEhat MeMonYhcoREERPE &N R B\ROMRTE MBHEEMES el8tBFfon
performance, a very l|large nunber of conputations are required. Therefore,
it is difficult Iro adskltiin hitgie sphase respowsencnpdupbhedst HEing1thet hod i s
unsui tabl e for batch processing for a short period

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 phase measurement methods using the digital
filter as described in Patent Document 4 and Patent Document
5 have a problem that a vary large number of computations is
required to improve frequency selection performance.

[0039]

The phase measurement methods using the digital filter
as described in Patent Document 4 and Patent Document 5 have
the following problems.

(1) The method cannot follow the change in input frequency at
high precision. That is, it is very difficult to realize
measurement inacasewhere the densityof the fluid tobe measured
rapidly changes because of air bubble mixing.

(2) In order to improve the frequency selection performance,
a very large number of computations are required. Therefore,

it is difficult to realize high-speed response, and hence the
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of time. (3) The nenory 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. [0040] Wen all the
factors are considered, in any of the conventional phase neasurenent

met hods including the digital filter processing, a noise of a frequency

band ot her_th .he q i f qﬁﬁpgy hubes,@r-akd 3 is
renoved, maeﬁél%&e%%euflf%%eigg?\ngﬁgh?ﬁgc%%é%lﬁep%% er table, tﬁe chaIr)lg]é of the
conput i ng qgthod, and the change of the sanpling rate are required to

al ways f ol e t ube frequenci es of the neasurenent tubes 2 and 3.

Therefore,, there is a problemthat it_is necessary t for utation
which is vierly & nBFW@ﬁgeaoﬁﬁHmP tRE O%iém%éﬁggﬁl5%%#5@#@%%@35$%§§, when t he
nmeasurenent tubes 2 and 3 are vibrated 'bé tHe vigratgr 6, it is ve%y
likely to358hdishe® LRpmMiettay 18r FEPPLACBEEH  var eI FOR Bf EhE Fhipd
frequencies of the vibration velocity signals which are detected by the
right vel stinurtdgisand @esbyn dete PRy ICRESH PRANMNTY FLFEVRPtaaReH St ed on
the right side of the measurenment tubes 2 and 3 and the left velocity
sensor 7 figr agettecting the vibration velocity generated on the left side
of the nmeasurenent tubes 2 and 3, and hence there 1is a problemthat

measur enent preci®i4dd is very low. 22 [0041]

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
computingmethod,andthechangeofthesamplingratearerequired
to always follow the tube frequencies of the measurement tubes
2 and 3. Therefore, there is a problem that it is necessary
to perform computation which 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 variation of the input frequencies of the vibration
velocitysignalswhicharedetectedbytherightvelocitysensor
8 for detecting the vibration velocity generated on the right
side of the measurement tubes 2 and 3 and the left velocity
sensor 7 for detecting the vibration velocity generated on the
left side of the measurement tubes 2 and 3, and hence there

is a problem that measurement precision is very low.
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An object of the present invention is to provide a signal processing

nmet hod, a signal processing apparatus, and a Coriolis flowreter, in which
even when a tenperature of a fluid to be measured changes, even when air
bubbl es are m xed into the fluid to be nmeasured, or even when the fluid to
be neasured rapidly changes froma gas to a |liquid, neasurenent may be

al ways perfornq oWy h constant precision, phase neasurenent with high
filtering performance is realized, and a conputing processing anmount nay

b d dt t I |1 t. f [ hg. I

[0042) A i gnal B SLLEST 5 RBCHRE OLOHBEN LR S VR R 18T ovl dea
t I th bove- ti, bl ' ' I ' t hod

For a Cor EBII-ESRIGRTEIOq nogHaER L ST EoRt SREORF B C U0 M o o ol 11 ow

tubes which is included _in_a neasurenent flow tube is op%éatﬁd byba
driving dEHEEEFENg 1na WP BRaEBERt BRel (2 ERRF A S € Fe T4t Fe58t®Bne 1 ow
tube or the pair of flow tubes, and a phase difference, and/qr vlgration
f r equency MeesHEEd SRANIED, £VEH VR §ifrdrdel R ARG B ehansP thIeegl"tll ne flow
tube or the pair of flow tubes are/is detected by velocity sensors or

accel er at itan beemeassrofli cor @verm whgy thef Lipbaate if HEREEEPENTaRALLY s
provided on a right side and a left side of the at | east one flow tube or
the pair afhdrdgms fudesawbes theaatlipest, omaduxRRenba'dy PRedpyrYSof flow
tubes is vibrated, to thereby obtain a mass flow rate and/or density 23
of a flui bdrEdmmgteasuhethnstant precision, phase measurement with high

filtering performance is realized, and a computing processing
amount may be reduced to an extremely small amount.
[Means for solving the Problems]

[0042]

A signal processing method described in claim 1, which
is provided so as to solve the above-mentioned problems, is
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 operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected
by velocity sensors or acceleration sensors which are a pair
of vibration detection sensors provided on a right side and
a left side of the at least one flow tube or the pair of flow
tubes when the at least one flow tube or the pair of flow tubes

ig vibrated, to thereby obtain a mass flow rate and/or density
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t he signal processing nethod being characterized by including: a first
step of converting, into digital signals, analog signals output fromthe
pair of vibration detection sensors; a second step of performng frequency
conversion on the two digital signals which are obtained by the converting
in the first step and correspond to the pair of vibration detection

sensors; a_third step of neasuri a frequency based on one digital signal
of the tw@degFﬂgﬁdsiSnaesmﬁhlgﬁ%gre obtained by the converting in theg

first step and rrespond to the pair of . .vibrat.i I on sQrs; and
a fourth step o%gﬁeﬁ%%ﬂ$%gpﬁo??% e c?eEPagaﬁ%ﬁ?rréﬁ%ﬁ#ﬁﬁéﬁ}%%fl of a
digital signal of the f requency measured in the third step, the signal
proce55|ndnﬁEFW&@9belng characterized in that a phase difference between

detection signals fromthe pair of vjbration etect%on sensors i?odetected

based on the fréqfiéhey Stsnggélcwf?fet‘s%dilﬁlﬁot 19} 1R 0 f° HHE Fi gF P °%i gnal

which is generated in the fourth step. [0043] A signal processing method
descri bed signslls euzpukhfeAm Fbep@%¥¥d§HV§6W§§¥9§-§§%§€tﬁﬁ€ §BBY¥8I Hent i oned
problems, is a signal processing method according to claim 1,
characterized iansehandi stepeof pepfornjagef EEANGRENCIHRIUTIRTY 8 §Ral 24
corresponding to 1/N of the digital signal of the frequency

two digital signals which are obtained by the converting in

the first step and correspond to the pair of vibration detection
Sensors;

a third step of measuring a frequency based on one digital
signal of the two digital signals which are obtained by the
converting in the first step and correspond to the pair of
vibration detection sensors; and

a fourth step of generating a frequency signal
correspondingtol/Nofadigitalsignalofthefrequencymeasured
in the third step,

thesignalprocessingneth@dbeingcharacterizedjJ1that
a phase difference between detection signals from the pair of
vibration detection sensors is detected based on the frequency
signal corresponding to 1/N of the digital signal which is
generated in the fourth step.

[0043]

A signal processing method described in claim 2, which
is provided so as to solve the above-mentioned problems, is
a signal processing method according to claim 1, characterized

in that in the step of generating the frequency signal
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e which is output froma frequency neasurenent unit, a frequency ex is
obt ai ned for frequency conversion to satisfy e/ N=e-ex. [0044] A signal
processi ng net hod described in claim3, which is provided so as to solve
t he above-nentioned problens, is a signal processing nethod according to
claim1, characterized in that Nis determ ned such that the frequency
signal carrespondi

to 1/ f the digital ,si t f
which i s SGPBOELATSIEn S AdL8Rcy e acdr SRen LaArt P& Shsl FEPITPRYY So e
0045] A si | . [ t d i bed i |aim 4, _which i
brovi ted SovEot BT RNt AEoAD S GERERET G BB Ot £ EbrgRarcy S
processin% apparatus for _a Coriolis f |lowreter in mhiﬁg at k§§§E one fl ow
tube or aFait BPLRLBRAt HPESIVRILHRTY GIUFRP™ itF §are8SYr BABRY ~P¥ow t ube

is operated by a driving device using a vibrator to alternately drive the
at |east one flJdRO%dBe or the pair of f |ow tubes, and a phase difference
and/or a vibration frequency proportional to a Coriolis force acting on
the at |east oRestbowltbDbecefFsiRg ParRodfdeseedbdd &le/iims 3detBefBd by
vel ocity sensors or acceleration sensors which are a pair of vibration
det ect i on isempgoviqedoecdes ¢ solivghthei abogadmeatiengdspgebdpmehelfit | east
one flow tube or the pair of flow tubes when the at |east one flow tube or
the pair ef sfgoultphesesssnyimethpddactordiey doycbbiniln ahpussterdwedat e
and/or density 25 of a fluid to be neasured,

in that N is determined such that the frequency signal

corresponding to 1/N of the digital signal of the frequency

6 which is output from the frequency measurement unit is smaller

than 50 Hz.

[0045]
A signal processing apparatus described in claim 4, which

is provided so as to solve the above-mentioned problems, is

a signal processing apparatus for a Coriolis flowmeter in which

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

in a measurement flow tube is operated by a driving device using

a vibrator to alternately drive the at least one flow tube or

the pair of flow tubes, and a phase difference and/or a vibration

frequency proportional to a Coriolis force acting on the at

least one flow tube or the pair of flow tubes are/is detected

by velocity sensors or acceleration sensors which are a pair

of vibration detection sensors provided on a right side and

a left side of the at least one flow tube or the pair of flow

tubes when the at least one flow tube or the pair of flow tubes

is vibrated, to thereby obtain a mass flow rate and/or density
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t he signal processing apparatus being characterized by including: A/D
converters for converting, into digital signals, analog signals output
fromthe pair of vibration detection sensors; a pair of quadrature
frequency nodul ators for perform ng frequency conversion on the two
digital signals which are output fromthe A/D converters and correspond to

the pair %f vi brat.i ogoeet gnctais%r}:es nsors; a frequency neasurenent unit for
measuri ng Rt 3: ased B one digital signal of the two digital

signals which are output fromthe A/D converters, and.corr tn the
pair of vibratidiF &éﬁ%@hi85°§8ﬁ§bpg;a%FﬁF%F?$ r%ﬁﬁ%iﬁgérﬁgﬁ%ggggPa?Yng a
frequency signal, corresponding to e (1-1/N) of a digital signal of the
frequency * Hﬂhn3¥on1the frequency neasurenent unit, the signa
processi ng apparatus being characterized in that a 8hase giftere ce is
obt ai ned based &1 HOXIJPHRSLS ghter e@RBET biY helPEPr 6P 1HBadFaltifes:
frequency nodul ators. [0046] A signal processing agparatus described in
cl ai ms, wHmEHLod ssigmAd YeetEorast oM sBnQePahE QboVéPkaREPBNEGEFFEBPENE, s
a signal processing apparatus according to claim4, characterized in that
t he frequesmysaomasurenent unit for measuring the frequency based on one

digital signal of the two 26 digital signals which are output fromthe A'D
converters and a pair of quadrature frequency modulators for performing

frequency conversionon the two digital signals which are output
from the A/D converters and correspond to the pair of vibration
detection sensors;

a frequency measurement unit for measuring a frequency
based on one digital signal of the two digital signals which
are dutput from the A/D converters and correspond to the pair
of vibration detection sensors; and

a transmitter for generating a frequency signal
corresponding to 8(1-1/N) of a digital signal of the frequency
output from the frequency measurement unit,

the signal processing apparatus being characterized in
thataphasedifferenceisobtainedbasedonthesignalsgenerated
by the pair of quadrature frequency modulators.

[0046]

A signal processing apparatus described in claim5, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 4,
characterized in that the frequency measurement unit for

measuring the frequency based on one digital signal of the two
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correspond to the velocity sensors or the acceleration sensors which are
the pair of vibration detection sensors has a phase |ocked |oop (PLL) for
frequency neasurenent. [0047] A Coriolis flowreter described in claim®6,
which is provided so as to solve the above-nentioned problens, is a
Coriolis flowreter in which at |east one flow tube or a pair of flow tubes

which is incluyded i,n_a.nmeasurenent flow tu i 0 a rivikng

devi ce usfi%?%%%% 5806 St § éFﬁe?ﬁ%t%?%pu%rﬁﬁéﬁt Y %?Eﬁgggyg%ﬁgrgléﬁptube or
the pair of flow tubes, . and_.a phase difference and/ar a . vibr

fr equency SYGFSRABhEP tho VEL1E5H 8l TERTIr T € abt T 7y Sn Fe ot géﬁggr%ne f1 ow
tube or the pair of flow tubes are/is detected by a vibration dﬁtection
sensor whéfieage FBaRbhe MdRTAtEe eFﬁSthPrS%I?S?]f%\%‘a}sijﬁeg aPs
vibrated, to thereby obtain a nass flow rate and/or density of a fluid to
be neasur dckate 1osm ol B I TS IUsaITYy W& zed by including a
signal processing apparatus including: A/D converters for converting, into
digital signals,[00#7Ydl og signals output fromthe pair of vibration
detection sensors; a pair of quadrature frequency nodul ators for |
perfornng freduetmyicbiwefiponcbart Hescwdbargilfalcldighat s WhAtEh afe

output fromthe A/D converters and correspond to the pair of vibration

det ecti on mensictex] &Y as freqesehey hbasabemennenhionedr preldaMENglg 2

frequency .
Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is
operated by a driving device using a vibrator to alternately
drive the at least one flow tube or the pair of flow tubes,
amjaphasedifferenceand/oravibrationfrequencyproportional
to a Coriolis force acting on the at least one flow tube or
the pair of flow tubes are/is detected by a vibration detection
sensor when the at least one flow tube or the pair of f£low tubes
is vibrated, to thereby obtain a mass flow rate and/or density
of a fluid to be measured,

the Coriolis flowmeter being characterized by including
a signal processing apparatus including:

A/D converters for converting, into digital signals,
analog signals output from the pair of vibration detection
Sensors;

a pair of quadrature frequency modulators for performing
frequencyconversianonthetwodigitalsignalswhichareoutput

from the A/D converters and correspond to the pair of vibration

detection sensors;
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based on one digital signal of the two digital signals which are output
fromthe A/D converters and correspond to the pair of vibration detection
sensors; and a transmtter for generating a frequency signal correspondi ng
to O (1-1/N) of a digital signal of the frequency output fromthe
frequency neasurenent unit, the signal processing apparatus being

characterized in -LDal, .oNase- 0L LISHENGE: | S OPhaned basedconatbecsi onal s

guadratar e frequéency nodul at ect of the

I nventi on 0048] The _neasurenent tube qf the ri.oli.s_t as

vari ous g%?%?@s?nFSPeeQéﬁ'b?%? ?h%?%ia? t;}lecutrw\?egq“ t}%@ laﬁggggggsgﬁéﬁﬁ t ube.
There is a type driven in any of various m)dea i ncl udi nxg a I%H nary node
and a secEFFaPYLRYdeITAR Hhefi® CORVERTTT g PR OTEREITEhet £ T8 T 0049]
As is well known, the driving frequency band obtained fromthe measurenent
tube is s&@fervdbradi gl deFashiGhISqnTRrs FG%xanpl e, when the nmeasur ement
tube using a U-shaped tube is vibrated in the primry node, the frﬁquency

is approxi matel v Io@ngnitmesn tiee meeserefeRg t be TRRENRECY sEA9PBMt shape

is vibrated in the primary node, approximately 500 Hz to 1,000 Hz is
real i zed. ddowememqnding sovefy- HiNF icfubtdipl e} Péamethel g éreggency
measurenment of the Coriolis flowreter by always the sane

output from the frequency measurement unit,

the signal processing apparatus being characterized in
thataphasedifferenceisobtainedbasedonthesignalsgenerated
by the pair of guadrature frequency modulators.

[Effect of the Invention]

[0048]

The measurement tube of the Coriolis flowmeter has various
shapes. For example, there are 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
measurement tube.

[0049]

As is well known, the driving frequency band obtained
from the measurement tube is several ten Hz to several kHz.
For example, when the measurement tube using a U-shaped tube
is vibrated in the primary mode, the frequency is approximately
100 Hz. When the measurement tube having a straight shape is
vibrated in the primary mode, approximately 500 Hz to 1,000

Hz is realized.

However, it is very difficult to perform the phase
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processi ng over the frequency band of several ten Hz to several kHz in a
single f lowreter converter. Therefore, it is necessary to separately
design several types. [0050] According to the signal processing nethod in
the present invention, the essential problens as described above may be
removed by advant ageous signal processing based on an identification

algorithm_Even in the ca of , t he .chan in .t rat of ﬂ%e %hgid to
be measur F2FHE R n%fo?:%& CBUBHIS, gf%“rm?%%grggi %\lg{?g’r?get of the fluid
to be neasured fromthe qﬁi to the |i uig, thg staghg nea %;enggka y be
al ways pefFGQSfsF iR PHEEO ?gﬁf?qblreélc??fsli’%ﬂ OfhaShRh3e LS A ShERY SWth hi gh
filtering performance i s_advantageous, and hence ?i h .performance may be
provi ded. HH05RP SR §LAYNEESE ROTYISFHAT pr GEEES; ﬂgeadﬁajr%flﬁﬁ:eﬁﬁaﬁ{e
present invention, even when the tenperature of the fluid to be neasured
changes, d&erfSRptEly Blables sferriddR9to the fluid to be neasured, or
even when the fluid to be neasured rapidly changes froma gas to a |liquid,
the stable neasuf@® Xt nmay be al ways perfornmed with constant precision,
and the phase neasurenent with high filtering perfornmance may be realized
with a smal |l corfputdmiing boesise g FFBUPLOCE 0952y merdrwt dinghe ®rgsedtiol i s
flowreter in the present invention, 29 even when the tenperature of the
fluid to hemveasised thargesntial problems as described above may be

removed by advantageous signal processing based on an

identification algorithm. Even in the case of the change in

temperature of the fluid tobe measured, the mixingof air bubbles,

or the rapid change of the fluid to be measured from the gas

to the liquid, the stable measurement may be always performed

with constant precision. The phase measurement with high

filtering performance is advantageous, and hence high

performance may be provided.

[0051]
According to the signal processing apparatus in the

present invention, even when the temperature of the fluid to

be measured changes, even when air bubbles are mixed into the

fluid to be measured, or even when the fluid to be measured

rapidly changes from a gas to a liquid, the stable measurement

may be always performed with constant precision, and the phase

measurement with high filtering performance may be realized

with a small computing processing amount.

[0052]

According toa Coriolis flowmeter in the present invention,
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even when air bubbles are mxed into the fluid to be neasured, or even
when the fluid to be neasured rapidly changes froma gas to a |liquid, the
st abl e nmeasurenent may be al ways performed w th constant precision, and

t he phase neasurenent with high filtering performance may be realized with
a small conputing processing anmount. [Brief Description of the Draw ngs]

0053] [FIG_1].A block di i td i nG| iggal
or ocessi nd 8t BA R SR er it 8l g T A8 7 SeBfta Foalbly” 1 o

a appé}a us "accor I nvent

2] Adiagramillh%stratin frequenc vef orm of.. a Lol | F ter of
which a diS¥A™hY Peﬁhﬁrﬁ'%]?a]seﬁﬁgwlxgﬁﬁl%t? rtélﬁug%%&dwa({;/e eol?nrgﬁafg 9\gg'(slori olis
flowreter of which a drivi ng,frequ}(ﬁan%{ IS 1é 000 Hz in tf}le Si r%%lm a
processi nPRFE RIS tPruStPifelCi e AIRSUTe] BBISYY A S5 a
illustrating a frequency waveformin a case where the drivi ng fregaency of
the Cori 01938 £PAWBERE D o heusitap e ar Py ERERF MEUBR A 1Y L 86 T HY ™
divided. [FIG 4] A diagramillustrating a frequency waveformin .a case
wher e t he wirtilyiargsfsau ®FefF 168 orheatsr Fbe| RNIFQVRRABH ST GWHIIER PHERdr i vi ng
frequency is 100 Hz is shifted. [FIG 5] A specific structural diagram
i 11 ust rat i figl temei ng igprdflonmeouss Maygbepparai aedi Vi s ta &med 4 FORPBLINT [FI G
6] A diagramillustrating a detection signal of 30 a vibration velocity
whi ch i s geteredethommoureft side of

[Brief Description of the Drawings]

[0053]

[FIG. 1] A block diagram illustrating a principle of a
signal processing method and apparatus according to the present
invention.

[FIG. 2] A diagram illustrating a frequency waveform of
a Coriolis flowmeter of which a driving frequency is 100 Hz
and a frequéncy waveform of a Coriolis flowmeter of which a
drivingfrequencyjjs1,000Hzlethesignalprocessingapparatus
illustrated in FIG. 1.

[FIG. 3] A diagram illustrating a frequency waveform in
a case where the driving frequency of the Coriolis flowmeter
of which the driving frequency is 100 Hz is divided.

[FIG. 4] A diagram illustrating a frequency waveform in
a case where the driving frequency of the Coriolis flowmeter
of which the driving frequency is 100 Hz is shifted.

[FIG. 5] A specific structural diagram illustrating the

signal processing apparatus illustrated in FIG. 1.

[FIG. 6] A diagram illustrating a detection signal of
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nmeasurenent tubes and output froma lowpass filter illustrated in FIG 5.
[FIG 7] A diagramillustrating a signal obtained as a digital signal by

sanpling, at arbitrary constant intervals, the signal illustrated in FIG
6, which is output froman A/D converter illustrated in FIG 5. [FIG 8] A
diagramillustrating a transm ssion frequency signal (eXn) output froma

transmtter ilJustrated in FLG S.. .JEIG 9 i i tr.atid.n
'EZ;)-degree LhrtPTeFYREI Vo ogﬁtgutwﬁﬁtcrlsilgsnaqe ec%‘ést(e%&\?\#ﬁg% Féygutsgﬁite %rfgm t he

D converter and generated in_an_inper rtion of .a,guadrature | at or
i|lustrat é&e?%uﬁ‘@g%.t“%ﬁlsén%}l%@&i g‘@‘?‘&% ‘?VY‘LPs%SrSaFil%geﬁ -“dsetgfrag%%;hi ft
signal of an output signal (coseXn) which is output fromthe transmtter
and gener at®d“f%-tPe inner portion of the quadrature nodulator illustrated
in FIG 5. [FIG 11] Adiagramillustrating a signal obtained b
quadrature frequéhEy- convercsiag 3y ilesqradiacupes haaat ap B2 1Rt A1 Fated in
FIG 5. [FIGS 121 Diagrans illustrating timng charts for the specific
structure @fgibelssigral gnocesmligdappsr atRs tTRFY uSRR AT imEyals, [ FlGs.
13] Diagrams i II ustrating timng charts for the specific structure of the
si gnal proteksssignabpdriataisratdd dst Fafedsi iR 1B ogtplf Eronsan A D
operational flow chart for the specific

converter illustrated in FIG. 5.

[FIG. 8] Adiagram illustrating a transmission frequency
signal (6Xn) output from a transmitter illustrated in FIG. 5.

[FIG. 9] A diagram illustrating a 90-degree shift signal
of an output signal (cos®) which is output from the A/D converter
and generated in an inner portion of a quadrature modulator
illustrated in FIG. 5.

[FIG. 10] Adiagram illustrating a 90-degree shift signal
of anoutput signal (cos6Xn) which is output fromthe transmitter
and generated in the inner portion of the quadrature modulator
illustrated in FIG. 5.

[FIG. 11] A diagram illustrating a signal obtained by
quadrature frequency conversion by the quadrature modulator
illustrated in FIG. 5.

[FIGS. 12] Diagrams illustrating timing charts for the
specific structure of the signal processing apparatus
illustrated in FIG. 5.

[FIGS. 13] Diagrams illustrating timing charts for the

specific structure of the signal processing apparatus

illustrated in FIG. 5.
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structure of the signal processing apparatus illustrated in FIG 5. [FIG
15] A block diagramillustrating a frequency neasurenent unit illustrated
in FIG 5. [FIG 16] A structural diagramillustrating a general Coriolis
flowreter to which the present invention is applied. [FIG 171 A bl ock
structural diagramillustrating a Coriolis floweter converter of the

Corioli's flownetgryg |14 4sstiatedine FLG, 1610l FLr 480 bhacl.diagsam

illustrating a phase neasure d using urier trans or the

Coriolis flowreter ¢ erter illustrated in Fl T LE ock
di agram i Iﬁ'ifs‘fcf%“f]ﬁgog%heassel%sl?rréjrﬁaer?t&nrgetaﬁggrt?;tiuﬁg l%&sgﬁ%%%le@e?é f or
the Coriolis floweter converter illustrated in FIG 17. [FIG 201 A bl ock

di agram i IHRt raat | ng a phase neasurenent nethod using band-pass filters
for the Coriolis floweter converter. illustrated in FIG 17. [Mdes for
Carrying out theliRentPbnPr Poo%l] diadremant HHTHRAGRI hd & ¢y
invention to be able to  al ways perform neasurenment wth constant

preci si on,MeP RN Uphaskl Healsta e MR wWitH- i gh filtering performance,
and to be able to reduce a conputing processing anmount to an extrenely
smal | ampunt. EvVERLGwherpla & erfparciuiael ¢t agnaniid 1us e tidis @ agneyal

changes, even when air bubbles are mxed into the fluid to be '
Coriolis flowmeter to which the present invention is applied.

[FIG. 17] A block structural diagram illustrating a
Coriolis flowmeter converter of the Coriolis flowmeter
illustrated in FIG. 16.

[FIG. 18] Ablockdiagramillustrating a phase measurement
method using Fourier transform for the Coriolis flowmeter
converter illustrated in FIG. 17.

[FIG. 19] Ablockdiagramillustrating a phase measurement
method using notch filters for the Coriolis flowmeter converter
illustrated in FIG. 17.

[FIG. 20] Ablockdiagramillustrating a phase measurement
method using band-pass filters for the Coriolis flowmeter
converter illustrated in FIG. 17.

[Modes for Carrying out the Invention]

[0054]

It is an object of the present invention to be able to
always perform measurement with constant precision, to realize
phase measurement with high filtering performance, and to be
able to reduce a computing processing amount to an extremely

small amount. Even when a temperature of a £luid to be measured
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measured, or even when the fluid to be neasured rapidly changes from a gas
to aliquid, the object may be realized. [Enbodi nent 1] [0055]

Herei nafter, Enbodinment 1 of a node for carrying out the present invention
is described with reference to FIGS. 1 and 13. FIG 1l illustrates a
principle of a signal processing nethod and apparatus according to the

present | ESALOD, I wied Llisbiabes.ls sauRneu iRy eher ;M ofaa Ond ol 1 s

fl ownet er of rch a driving cy _
of a Oorio}ls.floymerer, of Wioh.a frivdng fLeauenced s.4. 0
illustrates a freguency waverormin a case ere he drivi
the CoriolLs fl owneter

AV
v don CHEomS RE oo 2 ol lutle s oe b ST e E

h

requency wavef orm

Hz. FIG 3

5ﬂ§§5ﬁ§hcy of

ch_th drivine fre uenc% %s 100 Hz is
2thg&e* where t he

driving fr en of the Coriolis flowneter of which the driving frequency
P oR rean 1

is 100 Hz S
illustrating the signal processing apparatus illustrated in
is adiagramill £e%

IG 5 is a specific structural diagram

FIG 1. FIG 6

%ling a detection signal of a vibration velocity which

is generated on a left side of neasurenent tubes and output froma

| ow-pass filter Heresprbied Embodigers 1piGa pode| gy carey1adspghdine
obtained as a digital signal by sanpling, at arbitrary constant intervals,
t he si gnal preéséust irrention FlGdepenifiesh wishoneferehesntant IED. coranst t er

33 illustrated in FIG 5. FIG 8 illustrates a transm ssi on
13.

FIG. 1 illustrates a principle of a signal processing

method and apparatus according to the present invention. FIG.

2 illustrates a frequency waveform of a Coriolis flowmeter of
which a driving frequency is 100 Hz and a frequency waveform
of a Coriolis flowmeter of which a driving frequency is 1,000
Hz. FIG. 3 illustrates a frequency waveform in a case where
the driving frequency of the Coriolis flowmeter of which the
driving frequency is 100 Hz is divided. FIG. 4 illustrates a
frequency waveform in a case where the driving frequency of
the Coriolis flowmeter of which the driving frequency is 100
Hz is shifted. FIG. 5 1is a specific structural diagram
illustrating the signal processing apparatus illustrated in
FIG. 1. FIG. 6 is a diagram illustrating a detection signal
of a vibration velocity which is generated on a left side of
measurement tubes and output froma low-pass filter illustrated
in FIG. 5. FIG. 7 illustrates a signal obtained as a digital
signal by sampling, at arbitrary constant intervals, the signal

illustrated in FIG. 6, which is output from an A/D converter
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frequency signal (9Xn) output froma transmtter illustrated in FIG 5.

FIG 9 illustrates a 90-degree shift signal of an output signal (cosh)
which is output fromthe A/D converter and generated in an inner portion
of a quadrature nodulator illustrated in FIG 5. FIG 10 illustrates a

90-degree shift signal of an output signal (cos6Xn) which is output from

modul at or THTICTYATEE R FTE 5 FIAC 1D 1 Gt ARBS a s gha T GaLary

nodul at or 111 es a signal “obtained by
guadr at ure_frequency_ .conversi by.th uadr ature _madul at.qr, il lustrated in
da 5 e S b R L, BrblE.PHRE F i TR ot T
structure of the signal, processing apparatus illustrated in FJG_5. FIGS.
13 are didyrE@ts o uEFFat%’ngﬁt‘ﬁﬁ]%gt%% ?é'é&ﬂrfaﬁesébtgi?+%na£t?%€fhre of
t he signal processing apparatus illustrated in _ FIG 5.51\[3})05% FIG 1 is a
di agram i | PHERYat$HFF T he! §RF i PHEIbF LT MR G Oridte dYith G HEEHEE Tand
apparatus according to the present invention. In FIG 1, when neasurenent
tubes 2 ami@ FEREXAERALEY AbylRney R oo, O i radBit WO AAGESL Geher at ed
in the neasurenent tubes 2 and 3 are detected by a vibration velocity
sensor 70.1Thesdeated dd Fillsr-abi onF1@| dd tildssiratesnpud ehegicee pdddssed by
a vibration velocity signal conputing device 80. The vibration velocity
sensor 70 sbgnalpohds toitphe [sébnadel(gosPiin) 3ghiehsds qutpiet tfreow jtdiet
vel ocity sensor 8 of FIG 16.

transmitter and generated in the inner portion of the quadrature

modulator illustrated in FIG. 5. FIG. 11 illustrates a signal
obtained by quadrature frequency conversion by the quadrature
modulator illustrated in FIG. 5. FIGS. 12 are diagrams
illustrating timing charts for the specific structure of the
signal processing apparatus illustrated in FIG. 5. FIGS. 13
are diagrams illustrating timing charts for the specific
structure of the signal processing apparatus illustrated in
FIG. 5.

[0056]

FIG. 1 is a diagram illustrating the principle of the
signal processing method and apparatus according to the present
invention.

In FIG. 1, when measurement tubes 2 and 3 are vibrated
by a vibrator 6, vibration velocities generated in the
measurement tubes 2 and 3 are detected by a vibration velocity
sensor 70. The detected vibration velocities are computed and
processed by a vibration velocity signal computing device 80.

The vibrationvelocity sensor 70 corresponds tothe left velocity
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[ 0057] The vibrationvelocity signal conputing device 80 includes a
quadrature nodul ator 85, a transmtter 90, and a phase neasurenent unit
95. The quadrature nodul ator 85 perforns quadrature nodul ation 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 angerg%@f% Vé.lp(ﬁ aéﬁ%orf%htt, h\?ei/(i)@:{ Oéeﬁso §i<9f]gilé1é rofg ! he

transmtter I's input e quadr at ur e nodul at or . Then, signals
obt ai ned by quadgggyge nodul ati on by the quadrature nodul ator 85 are input
to the phase neasurenent section 95 provided in a subsequent stage of the
quadrature nodyl.ator. 85, ., The ﬁhas% neasur.enent section. 95 erfqrg% Al D
conversi on on t eSS BERFVORVEAS S o TSt et T DAC VT 5 & Py C 18T Sor 70,
to thereby performdigital conversion processing, and then_obtains a phase
di f f er ence®t ABR E@FH%%nF“F@é@§PI'Kgéorgiﬁ&ap§m9%§e§iéﬂél PPdcas H¥FSret hod

and apparatus illustrated in FIG 1, the input signal is subjected to 1/N
quadr at ur E"¢FBHERPRYT comer2?on and the phase neasurement is performed
after the frequency conversion, and hence an input frequency band is
reduced to 1/ N afkE stapherphase niadulahbht SRay DsE fparror MBRALES Wdscri bed
above, according to the present invention, 35 the phase and velocity

si gnal i npuedfilapionorsahsoribsatonnerekerities which are generated in

the measurement tubes 2 and 3 and detected by the vibration
velocity sensor 70 when the measurement tubes 2 and 3 are vibrated
by the vibrator 6. A signal from the transmitter 90 is input
to the quadrature modulator 85.

Then, signals obtained by quadrature modulation by the
quadrature modulator 85 are input to the phase measurement
section 95 provided in a subsequent stage of the quadrature
modulator 85. The phase measurement section 95 performs A/D
conversion on the velocity signals from the vibration velocity
sensor 70, to thereby perform digital conversion processing,
and then obtains a phase difference therebetween.

[0058]

According to the signal processing method and apparatus
illustrated in FIG. 1, the input signal is subjected to 1/N
quadrature frequency conversion and the phase measurement is
performed after the frequency conversion, and hence an input
frequency band is reduced to 1/N and stable phase measurement
may be performed.

As described above, according to the present invention,
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into the 1/N (Nis arbitrary nunber) frequency by frequency conversion and
the phase difference after conversion is neasured. Therefore, the filter
havi ng the sane band is always used to realize the present invention. Even
when the frequency of the phase and velocity signal is changed by a change
in density or tenperature of the fluid to be neasured, the flow rate may

be ”eas‘”e g%é\%'ét 2 @%%cﬁfttyeﬁrﬁ%leﬁggﬁﬂ'ﬂ Fh?rsee‘ﬂs%xoﬂsfo!o nvERt 'éh' ng

i nterval . exanple ro ownet er
driving freque g@ JIIustrat d |n en
frequency Hang gggstN l?éﬁ%% %aﬁﬁsﬂ%W %%?en%QM% <§uéﬁ%¥b shift
t he dr|V|n fre uencg qu %ﬁ%gﬁ f i.lter fr%gﬁf ¢y, band bé the cha ge in
density or Yipe? Leuped © ?%? i FFF?EFe51 TSP ¥ T EyuB NG
around the fllter frequency band, for exang a table for a ran e of 85
Hz to 95 HEDGRRTAreabtR® Fiohter MavgdDithifosame Pand15° 1Bl Res MR M&d. When
the filter frequency band is w dened, the nunber of tables is reduced.
However, are@hbue dhenPraaeBtoimyoRetRs &Vl §)epHae fagguepsyoef thissi gnal |
and hence neasurement precision is significantly degraded. Wen a phase
and vel ociphasegrad véleotktCosiwnal ¥ ovwmangsd kif awthanahdrddensigy
frequency is 1,000 Hz is to be neasured, it is necessary to change a
sanpl i ng ratecameemfute exf tthlel € luidnido Henoeasverechl theat Low prezimdEyon or
the conputing interval 36 changes.
be measured without almost affecting calculation precision or
computing interval.

[0059]

For example, inthe Coriolis flowmeter of whichthedriving
frequency is 100 Hz as illustrated in FIG. 2, when a filter
frequency band is set to a range of 95 Hz to 105 Hz, it is likely
to shift the driving frequency outside the filter frequency
band by the change indensity or temperature. Therefore, filter
tables for frequency bands around the filter frequency band,
for example, a table for a range of 85 Hz to 95 Hz and a table
for a range of 105 Hz to 115 Hz are required. When the filter
frequency band is widened, the number of tables is reduced.
However, a measurement waveform becomes a noisy phase and
velocity signal, and hence measurement precision 1is
significantly degraded.

When a phase and velocity signal of the Coriolis flowmeter
of which the driving frequency is 1,000 Hz is to be measured,

it is necessary to change a sampling rate and a filter table,

and hence the calculation precision or the computing interval
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[0060] In the Coriolis flowmeter of which the driving frequency is 100 Hz
in signal processing according to the present invention, as illustrated in
FIG 3, for exanple, when a value of Nis set to 4 in a case where a
frequency of a phase and velocity signal input fromthe sensor is 100 Hz,
the frequency is converted into 100/4 Hz, that is, 25 Hz. After the
frequency &g gégion, the phase and velocity signal is filtered and then
phase calculation is performed. In a case where the used filter band is a
band of approxiﬂggggy 20 Hz to 30 Hz, even when the driving frequency is
changed by the change in density or tenperature, the same filter table may
be al ways used out si.de.a_band of. 80 Hz to_120. Ther ef or. t he

Teasur avent may b RGOS HRUE HAOTICET e LR T SR b ee? SRR Y
conputing interval. Further, in the Corioljs flo ter of which. the driving
frequency 184 9&%&4&}9ﬁﬁ§RkPﬁgsﬁéP8€9ﬁ°ﬁéﬁ%9Eﬁfﬁ$8rﬁﬁ?nF&?V%ﬂ9iﬁW%ue may
be nmeasured based on conpletely the sanme filter and as i.n the Coriolis

f1 owret er ¥f %}‘éﬁtjf?ﬁtee@lr’r@i%ﬁgf requitic e X3P k90 LD BOFHYE B ther® in
the present invention, as illustrated in FIG 4, the nmethod of performng
the 1/ N coB§er&e dh i6h a KesshasereandivenBerty Sf ghaPl3sR Iy FtHod of
frequency shifting the input frequency w thout being divided. In the case
of the 37 €hgnaliaput|iogmwtee sgasioristeated the Freuancy ke qapiariackquency

into 100/4 Hz, that is, 25 Hz. After the frequency conversion,
the phase and velocity signal is filtered and then phase
calculation is performed.

In a case where the used filter band is a band of
approximately 20 Hz to 30 Hz, even when the driving frequency
is changed by the change in density or temperature, the same
filter table may be always used outside a band of 80 Hz to 120
Hz. Therefore, the measurement may be always made at stable
calculation precision and computing interval.

Further, in the Coriolis flowmeter of which the driving
frequency is 1,000 Hz, when the value of N is set to 40, the
flow rate may be measured based on completely the same filter
band as in the Coriolis flowmeter of which the driving frequency
is 100 Hz.

[0061]

Further, in the present invention, as illustrated in FIG.
4, the method of performing the 1/N conversion on the phase
and velocity signal includes a method of frequency shifting

the input frequency without being divided. In the case of the
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is frequency shifted without being divided, and hence there is a feature
that the flowrate may be calculated without loss of a filtering effect.
For exanpl e, when the input signal is subjected to 1/N frequency division
as in the case of the Coriolis flowreter illustrated in FIG 3, a noise
conponent is also subjected to 1/N frequency division. Therefore, even

when a fi '&?%%8%%Q%ﬂ%wn{' A QﬁGStEQ%Fﬁffﬁﬁigfggpgﬁde 9@8{1\;%%%316 d.

Thus, when ase and vel ocCi signal "i's” su sion by

f requency §Q| Hr'e ”19%%%4 gh%?@e&a‘/%letl’?é t% %eelrtcgolr%f\!fsjlhc%é,g%mﬁtkfeﬁlé:! th Setrreat ed in

FIG 4, the nors onen I's ST iul t anéo ency, but
t he filter.bang may_ be, red ceqP%P 1/g and _hence ver ffective filtering
Ty be acht CvaERE EonPar ct i ITbERGE Y SuBRLS AR HYEIOYO0SEE Fi G 5
iIIustratesfthe specific structure of the signal processing apparatus
illustratedfid FFESHINgneEFeSts, a left pick-off (LPO 7 (corresponding to
| eft wvelocity sensor 7) is caonnected to a |lowpass filter 30, That is,
during vi brati onf'®%i STEPTHIES vivHiedt &% InRNENSATRBL B VWP T RfAI EQRL /AT
vibration velocity (outlet-side velocity signal) which is generated on the
|l eft side SFCURRNEBaSLY LAEAR 2TbER thpe FRESY 9% e P lys tHeownster
pick-off 7, the detection signal of the vibration velocity (outlet-side
vel ocity sighasyrasedniputFIQ.o3the 1olepasmdrandr 1802188 Je] ¢oveddss
filter 30 is a circuit for extracting, through
1/N frequency division. Therefore, even when a filtering band
is narrowed, the effect cannot be much expected.
Thus, when the phase and velocity signal is subjected
to 1/N conversion by frequency shifting as in the case of the
Coriolis flowmeter illustrated in FIG. 4, the noise component
is simultaneously shifted in frequency, but the filter band
may be reduced to 1/N, and hence very effective filtering may
be achieved as compared with before frequency shifting.
[0062]
FIG. 5 illustrates the specific structure of the signal
processing apparatus illustrated in FIG. 1.
In FIG. 5, 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 velocity signal)
which is generated on the left side of the measurement tubes
2 and 3 is detected by the left pick-off 7, the detection signal

of thevibrationvelocity (outlet-sidevelocity signal) is input

to the low-pass filter 30.
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a frequency filter, only a lowfrequency left velocity signal (outlet-side
vel ocity signal) fromthe left velocity signal (outlet-side velocity
signal) output fromthe left velocity sensor? detecting the vibration
velocity generated on the left side of the neasurenent tubes 2 and 3 in
the case where the neasurenent tubes 2 and 3 are vibrated by t he vi brator

6, [0063] The I ate pagschikten 30 4569 exgé&%fgf%;&féfagta b3l The

A/ D converter converts SI gha outle ocity
il ter 30 into

1) wh t h t
ZI glngl %al !s::% I suenﬁ?ryeafqgﬁ ﬁggl?y Si Sgﬁaqquzegtr?tyl efef5| de a:f%\é stl)g Si gnal )
bt d t al b b h t 1
“nput | to L8P oRa* %%iaizgi?%g%piﬁgéi%’ﬁ culle ettt d' a
right p| ck-of f %RPO%} 8 \(/corresgondl ng to r| ht _velocity sensor 8
connect ed {8UEIFbUEpEASSVELPERFY 249N %étoygp YU Ty Vibriior UaT yEhe
vibrator 6, when a_ detection signal of a vibration velocity (inlet-side

vel ocity §?§ﬁ9¥)7 ARFBALIBI Jdifer aPEAT AN YR 95 ight IsraEabedttethtdafitenent
tubes 2 and 3 is detected by the right pick-off 8, the detection signal of
t he vi br at fdfevef okhe yneagnsengnget yeedc? té}rmél ign?en)thff sagputhers e
| ow-pass filter 34. The |lowpass filter34 isa circuitfor forextracting,
thro a freneaagyehenterubeal § antlod arequehegtedghy Veeocibyatdynal 39
(inlet-side velocity signal) fromthe right velocity signal

[0063]

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 conversion by the A/D converter 31 is input
to a signal processing apparatus 100.

[0064]

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 signal of a vibration velocity (inlet-side velocity
signal) which is generated on the right side of the measurement
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 low-pass filter 34.

The low-pass filter34 isacircuit forextracting, through

a frequency filter, only a low-frequency right velocity signal
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(inlet-side velocity signal) output fromthe right velocity sensor 8
detecting the vibration velocity generated on the right side of the
measurenent tubes 2 and 3 in the case where the neasurenent tubes 2 and 3
are vibrated by the vibrator 6. [0065] The | owpass filter 34 is connected
to an A/D converter 35. The A/D converter 35 converts the right velocity

signal (inlet-side velqcity. signal ich Ls _the i gnal. . ut
fromthe I(d\ﬁq‘ﬁé-’s'sﬂ(faaiel '& °§4'¥1ynts 951"’%)3‘?\9”? ar lsc?lg%ngﬁgﬁgﬁ’%g%??g?h%lgl:f%gal
processi ng .apparat.us 100 i s _connect to the _ A/D convert 3 The si gnal
processi ng“é‘ﬁ-ﬁir’ Y66 ° &t §F|$§la§SNOH%38FaFEP@ %ﬁSq’ﬁéﬁ% ‘é%%?,‘é%g on on
each of the right velocity signal (inlet-side velocit i | ) _and the
left vel GENSPLSE §RACCEIRE e ¥F8€a§éPBé}ietl)Pcs"itgn%‘F?ejé%%e%8?‘9%7%%&5 phase
measurenment after the frequency conversion, so as to reduce  the j gut
fr equency S3aied afo thenmereurenste tabogs) @ pRasé 1Re5B6r ERERL ‘.’Vhﬁﬁ%ég In the
signal processing apparatus 100, the signal from the A/ D converter 31 is
connect ed mep surpREd tatioE shd dngt ¢ arel 0 ibmed asu &t S & R4 & 110
perfornms 1/ N quadrature frequency conversion on the left velocity signal
(outl et-side velo®&sly signal). Further, the signal fromthe A/D converter

31 is connected to a frequency neasurenent unit 120. The frequency
measur ement 40 T flov2@aseasill eerad 4 rieguenogcsedt he dwfy/ D/ ePBYRLes| gnal

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
performs 1/N quadrature frequency conversion on each of the
rightvelocitysignal(inlet—sidevelocitysignal)andtheleft
velocitysignal(outlet—sidevelocitysignal)andperformsthe
phasemeasurementafterthefrequencyconversion,soastoreduce
the input frequency band to 1/N and realize stable phase
measurement.

[0066]

In the signal processing apparatus 100, the signal from
the A/D converter 31 is connected to a quadrature modulator
110. The quadrature modulator 110 performs 1/N quadrature
frequency conversion on the left velocity signal (outlet-side
velocity signal) .

Further,thesignalfromtheA/Dconverter31isconnected

to a frequency measurement unit 120. The frequency measurement
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(outlet-side velocity signal) obtained by converting, into a digital
signal, by the A/D converter 31, the left velocity signal (outlet-side
velocity signal) output fromthe left velocity sensor 7 detecting the

vi bration velocity generated on the left side of the neasurenent tubes 2
and 3 in the case where the neasurenent tubes 2 and 3 are vibrated by the

i br at F L I I
b S kbR A e A Dgenietieyeficlgyeannesten (o

a qgadraturfe nodu he q rature nodul at or

guadrature, fr ency, conversiqn [y . cl J (:inl et-side
¥e| ocity sf%%%%. 'Tg%b%gf]e\ﬁoﬁsjft%e&u F\l%r}%ng%ggﬁrelﬁéﬁ%yv%%\é&nea ré%&t?ytdt he
requency .neasurenment unit 120 S output to a transmitter 140. .The

]E ransmitt eqlg_L%% PaABRATLt PYaEDY 8‘6&%%%&(?3?%(}5@%%6% B%S?Cl%%g’égng% t he
requency asurenent value output fraomthe frequen urenment, unit
120. The oRputSsigH ¥5fthe s i (FEPUGE |t%ugee?% Vteﬁg’c&ﬁé'dr ature
nodul at or 110 and t he quadrature nodul ator 13Q0. A carrier frequency is
obt ai ned t$RRIRGN 7t IREIFERRB AP VAU PR AE LT YIZRRC T HESE PENEHT SF@% 140,

and the quadrature nodulator 110. The input_ frequency of the left velocity
signal (citdetesitde vieaitsnentyiaNes rpnd romh KA B oM et 81 and
the output frequency output fromthe transmtter 140 are nodul ated by the
quadr at ur engreitenots guoes 2 rard| 3 bt avHerrtey bodibatVHrratdatéis, one
of a sumof or difference between 41 the frequencies of both the input

si gnal s based orFutizhemrddihesignal from the A/D converter 35 is connected

to a quadrature modulator 130. The quadrature modulator 130
performs 1/N quadrature frequency conversion on the right
velocity signal (inlet-side velocity signal).

[0067]

A frequency measurement value measured by the frequency
measurement unit 120 is output to a transmitter 140. The
transmitter 140 transmits a predetermined frequency signal
based on the frequency measurement value output from the
frequency measurement unit 120.

The output signal from the transmitter 140 is input to
the quadrature modulator 110 and the quadrature modulator 130.

A carrier frequency is obtained through the frequency
measurement unit 120, the transmitter 140, and the quadrature
modulator 110. The input frequency of the left velocity signal
(outlet-side velocity signal) input from the A/D converter 31
and the output frequency output from the transmitter 140 are
modulated by the quadrature modulators 110. A result obtained

by modulation, that is, one of a sum of or difference between
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theoremis used for frequency shifting. The output frequency of the
transmtter 140 is controlled such that the nodul ation frequency becones
1/ N of the input frequency of the input left velocity signal (outlet-side
velocity signal). Wen the transmtter 140 is controll ed as descri bed
above, as in the case of the quadrature nodulator 110, also in the

s R el RN AR e g PR

f requency conver |on i'S”con e i nput frequency of

t he right |OCIt | et - S|de y p he A/D
converter éé % @ﬁg ﬁﬁ@nf?eauen y éutgﬁgg ﬁ?ﬁﬁgk?gansn%tter
140. [006 A phase difference neas t unit conn .to the
quadraturé”%6@€IEFﬁPsTiBtﬁﬁdP%%éjbﬁgafigﬁﬂgdnﬁﬁﬁp%gb %@@ mo%Hi gﬁgge

di fference neasurenent unit Zgo erforns hase nmeasur.enent, baseg n an

out put fr EFHRMGPST §REPTES 1 ﬁﬁ&f“ﬁglnl% lﬁ’%%’fer’t%olfn% ﬁgfl of the
left velocity signal (outlet-side velocity signal) which is input fromthe
A D convérelcidly gremad plautieimaite grkhsitl S1BWdt)at or 110 and  an

out put frequency signal corresponding to 1/N of the input frequency of the
ri ght velocity hpmth¢ cmpasmiitgenid bes cpntyicgaglasBieerrikedaApavVeirom t he
A/ D converter 35 and output fromthe quadrature nodul ator 130. Wien such a
struct ur e dss ienpiley et seacdordiengiuesinativere aasbdiateit 110he ailsgutinf £8§uenci es

(left velocity signal and 42 right velocity signal) are converted into | ow
frequency dandlsature modulator 130, the frequency obtained after

performing the frequency conversion is controlled to become
1/N of the input frequency of the right velocity signal
(inlet-side velocity signal) input from the A/D converter 35,
based on the output frequency output from the transmitter 140.

[0068]

A phase difference measurement unit 150 is connected to
the quadrature modulator 110 and the quadrature modulator 130.
The phase difference measurement unit 150 performs phase
measurement based on an output frequency signal corresponding
to 1/N of the input frequency of the left velocity signal
(outlet-side velocity signal) which is input from the A/D
converter 31 and output from the quadrature modulator 110 and
an output frequency signal corresponding to 1/N of the input
frequency of the right velocity signal (inlet-side velocity
signal) which is input from the A/D converter 35 and output
from the quadrature modulator 130.

When such a structure is employed, according to this

embodiment, the input frequencies (left velocity signal and
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(1/N of the frequencies). Therefore, the input frequency bands (left

vel ocity signal and right velocity signal) becone 1/N and the nunber of
filter tables is significantly reduced. In addition, the phase nmeasurenent
processing may be nore effectively performed. [0069] A clock signal is
input froma clock 160 to the A/D converter 31 and the A/D converter 35.

The cl ock %gght? THanZes £ ﬁtnz Iepé%évé’i é@%r@fl‘é@”ﬁﬁé&ﬁ%? X dhe AD

converter syn es t e d|g|t si gna e ocity
si gnal fr ert e
right veloi9?§ si%ﬁ%%ggﬂﬁl Cg%g mthe. %%Egggh&2%t§h9§%§k?ﬁhgﬂ (%$e
nmodul at or t he, freguenc ene the qu dratur

modul at or 130EE(FELETR SR Fear 15 T b phelec Y el il TS A uni
150, and the.clock 1 are_i clude t.he si l, essin paratus
100, [0070TSNERR ERETe B FiL EShpAT P ek o aF LGRECOTaTFRer ence

measur enent conputatlon in the signal processing apparatus 100 |IIustrated
in FIG 5 #4d§eseri bddi® WebASeheMARASEFBRBRt RUMRSS DLnhd 8 Yarke viiLdt ed by
the vibrator 6 of a Coriolis flowreter 1, the output signals (left

vel ocity sehartavalyi parfoeredity signal) fromthe vibration velocity
sensor 70 (leftpick-of f 7andrightpick-off 8) provided in the nmeasurenent
tubes 2 and 3 ar €0®b?hi ned as input signals 43 of the LPO and the RPO as

illustrated in FIG 2.
Aclocksignal is input fromaclock 160 totheA/Dconverter

31 and the A/D converter 35. The clock 160 synchronizes the
outputs of the A/D converter 31 and the A/D converter 35, and
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.

The quadrature modulator 110, the frequency measurement
unit 120, the quadrature modulator 130, the transmitter 140,
the phase difference measurement unit 150, and the clock 150
are included in the signal processing apparatus 100.

[0070]

Next, a specific computing method of phase difference
measurement computation in the signal processing apparatus 100
illustrated in FIG. 5 is described.

When the measurement tubes 2 and 3 are vibrated by the
vibrator 6 of a Coriolis flowmeter 1, the output signals (left
velocity signal and right velocity signal) from the vibration
velocitysensor 70 (leftpick-off 7andright pick-off 8) provided

in the measurement tubes 2 and 3 are obtained as input signals
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in this case, the input signals of the LPO and the RPO are defined as
follows (5p: phase difference between LPO and RPO) . [Expression 1] Right
pi ck-of f: sin(e) (1) [Expression 2] Left pick-off: sin(e+6p) (2) [0071]
The output signals (left velocity signal LPO and right velocity signal
RPO fromthe two sensors (left pick-off 7 and the right pick-off 8) are

converted fro tﬁ% nal Sig%?lhs i h igital_signals by the AID
converters® 1@%% @ ?‘rﬁ(?g%%% e oﬁ%%%%ﬁ?%(?e}?rg %%é'a%' 34 provided in
t he converter of t@gj[Corioli flowreter .1, res c%' v% an he
transferred to Yhé &[S Dr %&?s%inﬁ’bl aﬁﬁgpﬁiﬁsgﬁo Il.le lé(%le‘—’}srcl:ri theedq%';]ijl:())ove,
t he signal processi ng appar.atus %%0 is divid g into four bl o&@s i_nc)] udi ng
the quadr attF CHOMAREE SOLLRY e la0t3BRaEReIt T EGHENCS e aneR UM ¢ 120,
the transmtter 140, and the phase difference nmeasurenent unit 150. A
phase di fRBPknce between the output signal LPOfromthe |eft pick-off 7
and the output signal RPO fromthe right pick-off 8 is conputed, and then
converted [Expressiew thte signal based on the frequency signal output
fromthe frequency neasurenent unit 120 and tenperature data detected by a
t enper at urkigensprcR-o0f0079in4d) Theldet ecti on signal of the vibration
vel ocity
[Expression 2]
Left pick-off: sin(0+3¢) (2)
[0071]
The output signals (left velocity signal LPO and right
velocity signal RPO) from the two sensors (left pick-off 7 and
the right pick-off 8) are converted from the analog signals
into the digital signals by the A/D converters 31 and 35 through
the low-pass filters 30 and 34 provided in the converter of
the Coriolis flowmeter 1, respectively, and then transferred
to the signal processing apparatus 100.
As described above, the signal processing apparatus 100
is divided into four blocks including the quadrature modulators
110 and 130, the frequency measurement unit 120, the transmitter
140, and the phase difference measurement unit 150. A phase
difference between the output signal LPO from the left pick-off
7 and the output signal RPO from the right pick-off 8 is computed,
and then converted into a flowrate signal based on the frequency
signal output from the frequency measurement unit 120 and

temperature data detected by a temperature sensor 9.

[0072]
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(outlet-side velocity signal) generated on the left side of the
measurenment tubes 2 and 3, which is detected by the left pick-off 7, is
input to the lowpass filter 30 illustrated in FIG 5. The |owpass filter
30 outputs a sine signal (sine) as illustrated in FIG 6, fromwhich a
harnmonic noise is renoved to elimnate the influence of aliasing in AAD

conversion. The shoe 5kgRaLibal NekgAULPULE T QMd Ne hinass fdigl; 20 as
G ed r

illustrated in F 6 I's sanp igital signal conversion at an
arbitrary ¢gnsiaptsigLeryal.by tg %ﬁéﬂf N £% La 34 LR Of ' ling
signal (si ?le? as iFFustra?ea Fh ? ,Qang ﬁen out pu? ér%émni]ﬁdeesﬁ%
converter . 10073 The si.gnal. (si as .illustrated, i FI% 7, ichis
out put frglrllnet & %%\ﬁa%%rslg FrreRr fdld;% §”§%ﬁ ed"f %Fgﬁfﬁ?aa?ys'}b%a]levﬂ
conversion_by. th AéD.conver%e 31l{5 is input ta.the quadrature dul at or
110 and ¢ hBLFFathbnky TodRibnbRt ORI IO e Tor Gt L BF BEREE g
apparatus 100 illustrated in FIG, 5 Further, a trapsmtter output_ signal
out put froftfhet r df¥itMePass filEed) 8 PHRBEE02t PeRgustiRd tir € 3stul at or
110. When the neasurenent val ue of the output_ signal frequency output from
the frequefgy INgEiHaRchindeld i bn SN WEiFAGPAFBONER ¥ Hh M 1YRAVEA0, the
transm ssion frequency signal ieXn) of the transmtter 140 is transmtted
at a desirbd etégieaty thaséafonenne abasbiesbhy Bl BéDofonKersu®Put si gnal
frequency, and a cosine signal (coseXn) as illustrated in FIG 8 is output
45 at the sane tThaseinsivigml plaintat eugputhéreomnphengovrpasyafilter
30 as i1llustrated in FIG. 6 is sampled for digital signal
conversionat anarbitrary constant interval by theA/Dconverter
31 to obtain a sampling signal (sin®6) as illustrated in FIG.
7, and then output from the A/D converter 31.
[0073]
The signal (sin®) as illustrated in FIG. 7, which is output
from the low-pass filter 30 and sampled for digital signal
conversion by the A/D converter 31, is input to the quadrature
modulator 110 and the frequency measurement unit 120 of the
signal processingapparatus 100 illustratedinFIG. 5. Further,
a transmitter output signal output from the transmitter 140
is also input to the quadrature modulator 110.
When the measurement value of the output signal frequency
output from the frequency measurement section 120 is input to
the transmitter 140, the transmission frequency signal (6Xn)
of the transmitter 140 is transmitted at a desired frequency

based on the measurement value of the output signal frequency,

and a cosine signal (cos6Xn) as illustrated in FIG. 8 is output
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of the input signal in the A/D converter 31. [0074] Wen the signal (sine)
as illustrated in FIG 7, which is obtained as the digital signal by
sanpling by the A/D converter 31, is input to the quadrature nodul ator
110, the input signal (sine) fromthe A/D converter 31 is subjected to
90-degree shifting in the inner portion of the quadrature nodul ator 110

Lo generale: ol nale (oanehiasbhl HsLbaL ekl hedsatliend e dilana

(coseXn) as strate I's output fr transnltter

140, is |nggtt£8 %H§u?4gg§ggur ?gdg}?o é%Q%rtépe input signal (coseXn)

fromthe transmt S su ]EC egree shifting in the inner
portion of the qg$g§gﬁure nodul ator 110 to generate a signal (sinOXxn) as
illustrated in In the quadrature nodul at or 110, quadrature

frequency conversion is perf atlon shiftip ed on

0- degree” si gnal "% %ngtbh%le'%r ngsdzﬂecgoﬁstﬁ Pﬁﬁﬁ?tgggﬁﬁl ?% i ne) WIi‘lrcdr’nthe
A/ D converter 31 and a 0-degree signal .and 90-degree of the input
si gnal (coé%%ﬁ?aﬂpéﬂ%%%ﬁ?ﬂ&ﬁéﬁ%ﬁ%ﬂgq%bbyS§@pa§qi?%Eﬂ%%2P§9¥V94@%ﬁgnaI
(si necoseXn- cosesrneXnLPof the 1input signal (sine) fromthe A/ D converter
31 as illuslratednPuy FpGhe guatatyaferat@dsPynal0i $h6u pRLt 9 Hdthe
quadrature nodulator 110 of the signal processing apparatus 100

i1l ustratedsing) FEeom5the0875] coavEREephdde idi furianteddiaveir degrasut put

signals (left
shifting in the inner portion of the quadrature modulator 110

to generate a signal (cos6) as illustrated in FIG. 9. When the
signal (cos6Xn) as illustrated in FIG. 8, which is output from
the transmitter 140, is input to the quadrature modulator 110,
the input signal (cos6Xn) from the transmitter 140 is subjected
to 90-degree shifting in the inner portion of the quadrature
modulator 110 to generate a signal (sin®Xn) as illustrated in
FIG. 10.

In the quadrature modulator 110, quadrature frequency
conversion is performed for modulation shifting based on a
0-degree signal and 90-degree signal of the input signal (sing)
from the A/D converter 31 and a 0-degree signal and 90-degree
signal of the input signal (cos6Xn) from the transmitter 140,
so as to generate a 1/N-signal (sinfcos®Xn-cos0sinbXn) of the
input signal (sin®) from the A/D converter 31 as illustrated
in FIG. 11. The generated signal is output from the quadrature
modulator 110 of the signal processingapparatus 100 illustrated
in FIG. 5.

[0075]
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velocity signal and right velocity signal) fromthe vibration velocity
sensor 70 (leftpick-of f 7 andrightpick-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 flowreter 1 is conputed by the four

bl ocks including the quadrature nodulators 110 and 130, the transmtter

140, the phase gif Oﬁli&é'é?ed{@@éf’é é%%eﬁwgé? A e freauencye e

measurenment unit 12 I ncluded In e signal processing dpparatus 100
illustrate \ QE%HE [ e ted
into the f %%p?a%é?SI na g% 28 on f%equ aqu%éﬁglgﬁﬁfgg¥%$¥%ﬁ{the
frequency JBasur nment._un 2 ng, th em t t t he
tenperature s%%%oyseﬁsofd%ﬁg% P %?? 3§f3pera ﬁ%ﬁgg%gghgfggﬁﬁﬁ%ng%%%55|ng
appar at us illustrate n, Fl s, d crlbed w th _reference o) time
charte 111 HEERRA T TR tiotgAnR axt T5S aRR R cPReRE G | T,
the i nfl UCRLBSSGF 34 AHTE (RO HSobar SPon Yo 2%5'@2. Gra s iyt ©
illustrated. in FIG 6 is output._Wen the sine signal (S|ne illustrated
in FIG 6i5bavpater tlhelsslﬁ‘émlé‘tlﬁ%gl bysith® Feyusbracks iRCEMEINg S nput
to the A/D converter 31 . Then, the signal is sanpled for digital signal

conver si onTaadBAturei nedrlaterst Ak *nd et 3@l Bye t Ao Bk ekt ®r they 31 to

obtain a sanpling signal (Yl=sine) as illustrated in FIG
phase difference measurement unit 150, and the frequency

measurement unit 120, included in the signal processing
apparatus 100 illustrated in FIG. 5. Then, the computed phase
difference is converted into the flow rate signal based on the
frequency signal output from the frequency measurement unit
120 and the temperature data detected by the temperature sensor
9.

[0076]

Next, an operation of the signal processing apparatus
100 illustrated in FIG. 5 is described with reference to time
charts illustrated in FIGS. 12 and FIGS. 13.

First, in the low-pass filter 30 illustrated in FIG. 5,
when a harmonic noise is removed to eliminate the influence
ofaliasinginA/Dconversion, asine signal (sin6) asillustrated
in FIG. 6 is output.

Whenthe sine signal (sinf) illustratedinFIG. 6 isoutput,
the sine signal (sin®) illustrated in FIG. 6 is input to the
A/Dconverter 31. Then, the signal is sampled fordigital signal

conversionat anarbitraryconstant interval by theA/Dconverter
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12(A) and output fromthe A/D converter 31. [0077] The sanpling signal

(sine) illustrated in FIG 12(A), which is output fromthe A/ D converter
31, is input to the quadrature nodulator 110 and the frequency neasurenent
section 120 of the signal processing apparatus 100 illustrated in FIG 5.

The frequency neasurenent section 120 of the signal processing apparatus

100 measur gg é&ebtagﬂtge@g hplinhe; biekd (MElAt)Vas Al Atd LS e

velocity signal) which is ai'ned” as t gital signal by conversion by

the A/D tlet d I t
S|gnal) aﬁ?cﬁﬁlgégétalgﬁﬁea ?ﬂ g%g X?bogb£¥e§kgg§£%ggsergloil gyvfhgck/%

converter 31 is 'QQV% to the quadrature nodulator 110 of the signal
processi ng apparé 00 iIIustrated in FIG 5, the i nput signal (sine)

fromthe A/D conyerter 31.is sub o9 hlft e i nner
portion to generﬁP% %?%P%h%? S1E03 g)?%éné {éﬁ (§ﬂ§2(£% ['0078]
A frequenc nal neasured based on the di taI S|gnal out put fromthe
A D conver%@?c 11FSOBGPBGt L PBmtPRe A Pe §OENEY teteddur éfen™ tiDF®0 of
t he signal processing apparatus 100. A neasurenent val ue of the output

si gnal ~f r egHBAEFCBHE RAIUIGTR LhE TR GHENT P IR BRBFUTSBERLFTEATPT s

input to the transmtter 120. The transmtter 120 to which the out put
signal 481RP fuéheysignahRKoRSfEing apranatupahefriidsivst rateguenRdELSi gnal

5.

The frequency measurement section 120 of the signal
processing apparatus 100 measures the frequency of the left
velocity signal (outlet-side velocity signal) which is obtained
as the digital signal by conversion by the A/D converter 31.

When the left velocity signal (outlet-side velocity
signal) which is obtained as the digital signal by conversion
by the A/D converter 31 is input to the gquadrature modulator
110 of the signal processing apparatus 100 illustrated in FIG.
5, the input signal (sin®) from the A/D converter 31 is subjected
to 90-degree shifting in the inner portion to generate a signal
(cosB) as illustrated in FIG. 12(B).

[0078]

A frequency signal measured based on the digital signal
output from the A/D converter 31 is output from the frequency
measurement section 120 of the signal processing apparatus 100.

A measurement value of the output signal frequency output
from the frequency measurement section 120 is input to the

transmitter 120. The transmitter 120 towhich the output signal
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(eXn) satisfying the foll ow ng expression eXn=ex(1-1/N) based on the

out put signal frequency, and outputs a cosine signal (Y3=cos6Xn) as
illustrated in FIG 12 (C) at the sane transm ssion output rate as the
sanpling interval of the input signal in the A/D converter 31. [0079] The
cosi ne signal (Y3=cos6Xn) as illustrated in FIG 12 (C) , which is output
fromthe tEanSALLLE 151§HputQ%ér{b%&tetsothéecra{?imrsaéll&r?f?QE}?EﬁE(}rs1393'r%1 Wen

t he cosine signal (Y3=cos6X as illustrated 1n FIG 12 is Input to

th d 1 3=co0s6X | ustrated
inFIG 1ol AR ol FIESRRAITe A Y 00 o st

i ssubj ect e%&gQngng{%%(shl ftl ng to generate a sine signal (Y4=sineXn) as

illustrate [0080] In the quadrat ure m)dul ator 110,
gquadrature,_frequ r5| on i erfornmed _for ation _shifting based
on the  0-HRGFeE S imaNCRHG Do tagh seTer A BP GHEY %F°§ﬁ&ﬁaﬁlg(’¥’}qn
fromthe A/D converter and the ree signal and 90- de reesi naI of
the l npot” SPAmar Rk L s MhAatas 17 Eiemia &) Subhe Sepeud st o,

the 1/ N-signal (sinecoseXn-cosesineXn) of the input sj gnal (SI ne fromthe
A D converP8FP3Y TRt He the g%%fpp%ms}%%%‘é%krp%o%lmht—sﬁ% )1nas
illustrated in FIG 13(E). The sine signal 49

(Y5=si necoEBXn2 {BseenHoRRes| At9/N)) as illustrated in FIG

[0079]

Theéosinesignal(Y3=cos@Xn)asillustratedinFIG.12(C),
which is output from the transmitter 120, is input to the
quadrature modulator 110. When the cosine signal (Y3=cos6Xn)
asillustrated in FIG. 12 (C) is input to the quadrature modulator
110, the cosine signal (Y3=cos6Xn) as illustrated in FIG. 12 (C),
whichis input fromthetransmitter140, issubjectedto 90-degree
shifting to generate a sine signal (Y4=sino6Xn) as illustrated
in FIG. 12(D).

[0080]

In the quadrature modulator 110, quadrature frequency
conversion is performed for modulation shifting based on the
0-degree signal and 90-degree signal of the input signal (sinf)
from the A/D converter 31 and the 0-degree signal and 90-degree
signal of the input signal (cos6Xn) from the transmitter 140,
o) és to generate, as the 1/N-signal (sinfcos6Xn-cosbsinbXn)
of the input signal (sin6) from the A/D converter 31, a sine
signal (Y5=sinbcosbXn-cosdsinbxXn=sin(6/N)) as illustrated in

FIG. 13(E). The sine signal
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13(E), which is generated by the quadrature nodulator 110 is output from
t he quadrature nodul ator 110 of the signal processing apparatus 100 :
illustrated in FIG 5 and input to the phase difference neasurenent unit
150. [0081] Further, in the lowpass filter 34 illustrated in FIG 5,
when a harnonic noise is renoved to elimnate the influence of aliasing in

A D COWer?%@QsiﬁeéEQ@x L ggab iﬁb{%ﬁgéf?ﬁ)(é/#lﬁ gut Hlitlus%%@.ehhe.i_nsiﬁr%.g gnal

(sin(9+6(p)) is output fromthe OW- pass ter 34, the sine sig

(1 n(3-COPL (b | DRy 0 JRADEORNSELCE 8. TUED nbley 21000114 S 229 0
Convertor J3°PECED Bot AR Er S0 HE gL AT YT FLEIRd A S BH SR of

[0083] - THEPERER eSS LBt 198 EREERn nd T | dorrit daPEh s PE? R3S hi ch
is output fromthe transmtter 120, .is input to the quadrature nodul ator

130. When BhefeseNAe BegRRFePeBECBESXn}5Cas illustrated in FIG 12 (O is

input to the quadrature nodul ator 130, the cosine signal (Y3=cos9Xn) as
illustrated in FI&83P(C), which is input fromthe transmtter 140, is

subj ected to 90-degree 50 shifting to generate a sine signal (Y4=sinOXn) as
illustrated Further, in the low-pass filter 34 illustrated in FIG.

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

When the sine signal (sin(6+d¢)) is output from the
low-pass filter 34, the sine signal (sin(6+0¢)) 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 sampling signal (sin(6+3¢)) output from the A/D
converter 35 is subjected to 90-degree shifting in the inner
portion of the gquadrature modulator 130 to generate a cosine
signal (cos(6+d0)).

[0082]

The cosine signal (Y3=cos6Xn) as illustrated in FIG. 12 (C),
which is output from the transmitter 120, is input to the
quadrature modulator 130. When the cosine signal (Y3=cos6Xn)
as illustrated in FIG. 12 (C) is input to the quadrature modulator
130, the cosine signal (Y3=cos6Xn) as illustrated in FIG. 12 (C),

whichis input fromthe transmitter 140, issubjectedto 90-degree
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in FIG 12(D). [0083] In the quadrature nodul ator 130, quadrature
frequency conversion is performed for nodul ation shifting based on the

0- degree signal and 90-degree signal of the input signal (sin(O+tb(p) )
fromthe A/D converter 35 and the 0-degree signal and 90-degree signal of
the input signal (cosOxXn) fromthe transmtter 140, so as to generate, as

the 1/ N-si t ' i i foom.t ,

Sime si gnarE LV o EOTBn Oy B O b as I st ared TR e 13
(F) . The.éiprsiQ%%) (Y6= (sin (O+tQ(p-OXn) =sin (O N+b(p)) as illustrated
in FIG 133( ), " Which'is generated by the quadrature nodulator 130 is

output fromthe ﬁﬂ@ﬁ]ature nodul at or 130 of the signal processing
apparatus 100 il ated in FIG 5 and input to the phase difference

measur enent uni t_150. [00841]e%tAs descrij bed bovmlg%h t he sine signal
(Yoosin(O'N)) o2 | P STIRR e P FIREIEE Q) 0w T Bt (s RO he
quadrature nodul ator, 110, and the sine signal (Y6=sin(8/ N+b(<8)cé_l as
i || ust rat eSCRRERFEPN 155 @O LORMFE f Ots M pat 1PRoRE AELHE R SR 4 YaSdul at or
130, are input to the phase difference neasurenent unit 150. In the phase
di f f er enced n@egueenBAgnNad; 25090 xdegpal Sigeadisq) ¢ udrPEFeFiFRaR G 13
(G is output as aphase difference 6cp based on the sine signal
(Y5=si n(Q Npip (@+d@kt rimam tihe RYT colvener)35 wiidc AhiesO vdegrge fyismatthe
guadr ature nodul ator 110 and
and 90-degree signal of the input signal (cos6Xn) from the
transmitter 140, so as to generate, as the 1/N-signal of the
input signal (sin®) from the A/D converter 35, a sine signal
(Y6=(sin(6+3p-6Xn) =sin(6/N+3¢)) as illustrated in FIG. 13 (F).
The sine signal (Y6=(sin(6+35¢-06Xn)=sin(6/N+d¢)) as illustrated
in FIG. 13(F), which is generated by the quadrature modulator
130 is output from the quadrature modulator 130 of the signal
processing apparatus 100 illustrated in FIG. 5 and input to
the phase difference measurement unit 150.
[0084]
As described above, both the sine signal (Y5=gin(6/N))
as illustrated in FIG. 13 (E) , which is output from the quadrature
modulator 110, and the sine signal (Y6=sin(6/N+d¢)) as
illustrated in FIG. 13 (F), which is output from the quadrature
modulator 130, are input to the phase difference measurement
unit 150.
In the phase difference measurement unit 150, a signal

(Y7=0¢p) illustrated in FIG. 13 (G) is output as aphase difference

8¢ based on the sine signal (¥5=sin(6/N)) illustrated in FIG.
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input to the phase difference neasurenent unit 150, and the

si ne signal

(Y6sin(e/ Nt5cp)) illustrated in FIG 13(F), which 1is output fromthe

guadrature nodul ator 130 and input to the phase difference
unit 150. [0085] Wen the conputing interval is synchroniz
sanpling time as descri bed above, the real tine perfornmance

measur enent
ed with the
for phase

measurement 5 jRY Do, | mproyed; £Ur bher, (8ach 0h LDe,SSho8l1ERE 8 Pl oci ty
i 555 €0 s

signals (STne and sin(e+ I's subjecte € Same proc

phase cal cylatiop, and hence Ghere.ls @l st no.comuti
[

1n€
Ther ef ore, 7accur at e phaSe Cal culat1 on may be achieve

essl1 ng r

rar

o&?ﬁ%ﬁ?KE]

0086 Her ei naf di f de f ' he . .
[ nvont i on PP BeRtFTHka W [EPE: 10 g s et ko dstt bl o

operational flow chart faor the specific %Fructure of th,s
appar at us 1P| 8EPAt F IR the Guasitaiyng Bodpgdator, 150 0aR
iIIustrating the frequency neasurenent unit_ of the signal
appar at us PRRESt fafEgrePReFPeRsSurepeBB 71K &014 is the fl

i gnal rocessin
? %he 9

dt T ant©

processi ng
ow chart

illustrating quadrature frequency nodul ati on and phase neasurenent in

phase differencel828dkasurenent conputation of the vibratio
si gnal

n velocity

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

(sin6 and sin(6+d¢)) is subjected to the same processing for

phase calculation, and hence there is almost no computing error.

Therefore, accurate phase calculation may be achieved.

[Embodiment 2]

[0086]

Hereinafter, Embodiment 2 of a mode for carrying out the

present invention is described with reference to FIGS. 14 and

15.

FIG. 14 is an operational flow chart for the specific

structure of the signal processing apparatus illustrated in

FIG. 5 and FIG. 15 is a block diagram illustrating the frequency

measurement unit of the signal processing apparatus illustrated

in FIG. 5.

[0087]

FIG. 14 is the flow chart illustrating quadrature

frequency modulation and phase measurement in phase difference
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conputing device 80 illustrated in FIG 1, which is used for the signal
processi ng apparatus 100 illustrated in FIG 5. In FIG 14, in Step 200,
paranmeters of the vibration velocity signal conputing device 80
illustrated in FIG 1 are initialized. Wen the paraneters of the

vi bration velocity signal conputing device 80 are initialized in Step 200,

in Step %%Qas&{]grﬂé’ﬁés% ({Ilt\ég)l%gf tcyfs't%a'\?lﬁlf 1dhe Lygese S%réﬂ(aleft

pi ck-of f 7 andright pick are sanpled at arbitrary sa

i nterval s Qé!%& ﬁéDd&\Q{‘cVé”éc?r ﬁ%sa&%te@ %{PIEO”YQV filc 51é 2 Qsett denghate a

si ne wavef or cOsihé waveform Tespectively, Pase sanpl ed
data. [008 he_sine waveforma ne_waveform ener at ed
' St ep 21071 T &R 853 CEnef e ! Deyes Pl eae elom e, genes by
t he frequency neasur uni, t a N—value i s determ.ned based on
the neasured fre Eﬁ@e %ﬁenlph vg%ﬂe PEIRBEEFTENET i <$}%iﬁ}]?n Step
230, the neasured frequency is divided by a set tarq$t fre%uengg di vi si on
val ue "N' Y®laetky fifial CoidAdy devereRAdraititeatsd ¢ #ér si on.
When the frequency after quadrature frequency conversion  is detennined in
Step 230, tRisieplzad; dhsmdheRI@nataiyl thaaveknah an e lassitve
reference signal waveformare generated by the reference signal

transmtt ef1948] SR UEEVACarE0 afeckyelhisyl b2an st orP i29 Opet R &ilhemd by

the quadrature nodulators 53 110 and 130 based on the reference waveforns.
As a resul 210eddte phase and velocity signals from the two sensors (left

pick-off 7andright pick-off 8) are sampledat arbitrary sampling
intervals by the A/D converter 31 and the A/D converter 35 to
generate a sine waveform and a cosine waveform, respectively,
based on the sampled data.

[0088]

When the sine waveform and the cosine waveform are
generated in Step 210, in Step 220, the frequency of the sampled
data is measured by the frequency measurement unit 120 and an
N-value is determined based on the measured frequency.

When the N-value is determined in Step 220, in Step 230,
the measured frequency is divided by a set target frequency
division value "N" to determine a frequency after quadrature
frequency conversion.

When the frequency after quadrature frequency conversion
is determined in Step 230, in Step 240, a sine reference signal
waveform and a cosine reference signal waveform are generated
by the reference signal transmitter 140 and the quadrature

frequency conversion is performed by the quadrature modulators
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frequency- nodul ated signal has a value equal to 1/N of the input
frequency. [0089] Wen the quadrature frequency conversion is perfornmed
in Step 240, in Step 250, the quadrature nodulators 110 and 130 send, to
t he phase difference neasurenent unit 150, the sine signal and the cosine
signal which are generated as the sine waveform and the cosine waveform

each having; g afrfcfﬂk‘@@fa)éecﬁggaéglﬁtt? ﬂé%ﬂée%@re’f’&%‘r}% Jreguepey, Yy, giagy ature

frequency conversi on, base e ref erence vvave orns, on the'si gnal S

Campl 1 ng 1 FEERUBreY b, o Ra PR STVt Fls A PR R D BAR TR e

t he sine SI a nd.the cosine signal are sent to t he phase difference
measur ement’ 1 H#t§igguenc¥§ep 250, in Step 260, the phase difference
measur enent unit é?% falculates the phase difference based on the sine
signal and the ce 2 signal which are the phase and velocity signals
having the 1/ N fre&genc which are obtained by the frequenc d%#%tion
and output from "ERR o dg%?%¥%t¥¥%q§@ﬁ@§eW5ﬁd¥ BT YA dh P - phase
and velocity signals obtained by the frequency conversion is used for
phase neastiPefBfP. 2¢00967 Stay %g% e ftodhatens thi & and
enbodi nent, a nethod using the prlnC|pIe of 54 phase-| ocked | oop gfLL) i's
used for théofﬁéa@en59 Heesplirependifference measurement unit 150, the

sine signal and the cosine signal which are generated as the
sine waveform and the cosine waveform each having a frequency
equal to 1/N of the input frequency by quadrature frequency
conversion, based on the reference waveformsg, on the signals
obtained by sampling the phase and velocity signals at the
arbitrary sampling intervals by the A/D converter 31 and the
A/D converter 35.

When the sine signal and the cosine signal are sent to
the phase difference measurement unit 150 in Step 250, in Step
260, the phase difference measurement unit 150 calculates the
phase difference based on the sine signal and the cosine signal
whichare the phase andvelocity signals having the 1/N frequency
which are obtained by the frequency modulation and output from
the quadrature frequency modulators 110 and 130. The phase and
velocity signals obtained by the frequency conversion is used
for phase measurement.

[0090]

(1) Frequency Measurement Unit

In this embodiment, a method using the principle of
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met hod. The PLL is an electronic circuit in which a signal which is equal
in frequency to an input alternating current signal and | ocked in phase
therewith is output from another oscillator by feedback control

Therefore, the PLL is fundanmentally a phase-lock circuit and may produce a

signal | ocked in phase with an input signal. The PLL is an oscillation
circuit f d 4 | i f s R5&ld@t i on so
that a ph %£§§f$§§%%§gﬂ5 tmegﬂ ggfg eré%%égéﬁgﬁk%ﬁ+§ﬁ%¥I¢%0n1ane%§t5|de
and an out rom.,th i [ i [ ef. the
PLLmaybe r@&??\%el nllheeag%’ c%%%?‘rgﬁgkgagggﬁl%e fn%ﬁg%%%éegggg V%l%ré]

has the st Frctare: 4 '?‘%q%%e{r%& 58 R Hret 1al S Pl R G Ee?”
is connected to ltiplier . 121. AE out ut fromthe AD converter 31 is a
left vel octRY LO§k§HRED FAS e EPEF QB bR 5P §p§Fgfor¥aY1r5 a8Ph eﬁﬁsﬁlﬁé‘d‘ 9t a case

where a detection signal of a vibration velocity (outlet-side velocity
si gnal ) ha®¥ n§eapha geC%PF¥%}ence and/or a vibration frequency
proportional to a Coriolis force, which is generated on the left side of
the pair of nea§§¢%ﬁ%ﬁ@r?u5é§fﬁLhﬁd5QuﬂﬂéﬁenFﬁélﬁéhﬁhﬁéﬁeﬁ?ckdHé%“E*hnd 3
are alternately driven by the vibrator 6, is detected by the |eft pick-off
7, input tandhey Peedysssafsignal 3eakedeknralasomitnpowi npelydianall ef t

velocity 55 signal (outlet-side velocity signal), and converted into a
ThePLLisanoscillationcircuitforfeedback—controlling

anoscillatorinaloop foroscillationsothat aphasedifference
between a reference signal input from an outside and an output
from the oscillator in the loop is constant. Therefore, the
PLLmaybe relativelyeasilyconstructedusingacomputingdevice
and may perform high-speed computation.

[0091]

The frequency measurement unit 120 has the structure as
illustrated in FIG. 15.

That is, the A/D converter 31 is connected toamultiplier
121. An output from the A/D converter 31 is a left velocity
signal (outlet-side velocity signal) sin6 obtained in a case
where a detection signal of a vibration velocity (outlet-side
velocity signal) having a phase difference and/or a vibration
frequency proportional to a Coriolis force, which is generated
on the left side of the pair of measurement tubes 2 and 3 when
the measurement tubes 2 and 3 are alternately driven by the
vibrator 6, is detected by the left pick-off 7, input to the

low-pass filter 30 toextract only a low-frequency left velocity
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digital signal. The nultiplier 121 conpares the phase of the left velocity
signal (outlet-side velocity signal) sine which is obtained as the digital
signal by conversion by the A/D converter 31 wth the phase of an out put
signal cosh output fromthe transmtter 123 for frequency neasurenent and
outputs the signals to the lowpass filter 122. [0092] Therefore, an

out put endg I 1 n t h s .t r 122.
The Iomfpasgg?g?te?y%ﬁégei%égcgélbéng g§§ﬁg§ regﬁgngﬁhgggﬁga ﬁ%gﬁlt e

out put si 1gi i_ %gfrfn1 the multiplier 121 through a frequency filter.

Thus, in t ér~ 121, by the product of the left velocity signa
sine by the out ransmitter fre asur nt, a
sum si gnal and a iEéﬁ@éeggﬁﬁgFomg?rggﬁ&%ﬁﬁ%ﬁ%gﬁqﬁg iﬁggﬁﬁaévgﬁy'in
this case, onlyadifference onent i s, ext acte from.the output sjgnal
but put {1 o PRRL O ET ST B8 S LT Shigs St QU (g opsimed O

connected to the transmtter 123 for frequency measur enent. The

transmitt ets 193 FOFI 1 botdRd. MDA SRTEHRIMLJe Y dthe MR SOWATE ST Bdsed on
the |owfrequency signal output fromthe |ow pass filter 122. The
transmtte¥it23ther ghasriepfy afeRifFRiHentignRpucedsd LRIt puL remgitdle cosh
to the multiplier 121. In the multiplier 56 121, the phase of the input
dat a (si neyrapsmipeelr ag28hdadi dineduency measurement and outputs the

signals to the low-pass filter 122.

[0092]

Therefore, anoutput endof themultiplier 121 is connected
to the low-pass filter 122. The low-pass filter 122 extracts
only a low-frequency signal from the output signal output from
the multiplier 121 through a frequency filter.

Thus, in the multiplier 121, by the product of the left
velocity signal sin6 by the output cosd of the transmitter for
frequency measurement, a sum signal and a difference signal
of band daregenerated. However, inthiscase, onlyadifference
component is extracted from the output signal output from the
multiplier 121.

[0093]

The low-pass filter 122 is connected to the transmitter
123 for frequency measurement. The transmitter 123 for
frequency measurement generates phase data & based on the
low-frequency signal output from the low-pass filter 122.

The transmitter 123 for frequency measurement outputs

the output signal cosd tothemultiplier 121. In themultiplier
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val ue by conversion by the A/D converter 31 is conpared with the phase of
the output signal cosh and the difference signal and the sum signal
thereof are output fromthe | ow pass filter 122. A feedback |oop is forned
such that output data "V' (frequency conputing function V) of only the

di fference conponent obtained by filtering by the | ow pass filter 122

becones 0. 0 When t struct r S d

mat hemat i c};\%?y%%sppﬁs?h rhgqln %§ d%lécgis ggﬁg?ﬂ um:?r?e%% Lsrll? atl?%d in
FIG 15, the input signal is SS by sine t he out of
the transni#18F 4259 e?%%cffhgﬁpf% n§29u¥8ﬁ¥ﬁft?3§ kpressdt y co (2 Wen
the two waveforns are nultiplied b thefollovmngls
obt ai ned. CREFRAIRIUNEEE sihopt %Jo%me{] £Qs éPﬁ( %%Slfe-r IR 8195 ) 2
(3) Input waveform sine Qutput waveformof transmtter or f_requency
neasur emeng@nd %y?umﬁgwalm%%aﬂfﬁl PrRpPRe LA G8S( %‘i"?’le%%%%)fﬁlst i tered
by the lowpass filter 122, a high-frequency coggonent is renoved by t he

| ow pass f1lR2er A2feefhacks doop tife FommRENYCRokBaEI RYLPRENSAEN "V out put

fromthe lowpass filter 122 is expressed 57 as foll ows.
(frequency computing function V) of only the difference

component obtained by filtering by the low-pass filter 122
becomes 0.

[0094]

When the structure as described above is described
mathematically, as in the frequency measurement unit 120
illustrated in FIG. 15, the input signal is expressed by sin®
and the output signal of the transmitter 123 for frequency
measurement is expressed by cosd. When the two waveforms are
multiplied by the multiplier 121, the following is obtained.

[Expression 3]
sin@-cosd = %(sin(& +0) +sin(@ - 5))

Input waveform: sinb

Output waveformof transmitter for frequency measurement:
cosd

[0095]

When the multiplied value (sin6-:cosd) is filtered by the
low-pass filter 122, a high-frequency component is removed by
the low-pass filter 122. Therefore, the frequency computing

function V output from the low-pass filter 122 is expressed
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[ ExXpression 4] V=sin(9-6) (4) Wen a value of (8-6) in Expression (4) is a
sufficiently small value (V~0), the frequency conputing function V may be
approxi mately expressed as follows. [Expression 5] V=8-b 0 (5) [0096]
When an out put waveform of the output signal of the transmtter 123 for
frequency neasurenent is controlled so that the frequency conputing
function V bQEQﬂPs 0, the phase 8 of Expression (5) may be obtai ned. Wen
Ta i ndi cat®3 mMeasur ement sanpling interval, the phase 8 before frequency
conver si on %Qlch i s ogé ined by the nethod as described above is conputed
usi ng the ForPoRfHg"™ gression (6), Expression (7), and Expression (8),
and as a resul fre ency "f" may be obtained. [0097] [Expression 6]
49 =w=2. 1CVTS{%§ 'gh 'ndicates a change in tine and is equal to the

I I Ther ef h
computy ng TNt erual (SampLing. 81} THSLELOe 1) RIS L) g,y essed

small value (V~0), the frequency computing function V may be

approximately expressed as follows.
[Expression 5]
V=06-0%0 (5)

[0096]

When an output waveform of the output signal of the
transmitter 123 for frequency measurement is controlled so that
the frequency computing function V becomes 0, the phase © of
Expression (5) may be obtained.

When Ta indicates a measurement sampling interval, the
phase 8 before frequency conversion which is obtained by the
method as described above is computed using the following
Expression (6), Expression (7), and Expression (8), and as a
result, a frequency "f" may be obtained.

[0097]

[Expression 6]
—E:a):2-7z-f (6)

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

Therefore, the phase (0) is expressed as follows.

[Expression 7]
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0=2nfTa (7) where Ta: change in tine (sanpling interval) (sec.) f: input
frequency (Hz) O0: change in phase (rad) |[Expression 8 f=02T (8) T:
Sanmpling interval f: Input fruquency O0: Input phase Wen such cal cul ation
is perfornmed by the frequency neasurenent unit 120, high-speed frequency
measurenent may be achieved. [0098] (2) Quadrature Frequency Modul ator In
FIG 5, the yadga&ure &;equency nodul ators 110 and 13 0 have the sane
structure and Bath'dbtdin a frequency dif f erence between two input
signals to output a frequency signal. Sipultaneousl ach of the
quadratureW??EguEﬁbycﬁ%H%?a%%rElgﬁeﬁﬁ?ﬁP %n%nﬂn5%¥%%¥§ gsg?g%al or t hogonal
to the frequency_ signal. That is, the detection signal of the vibration
velocity (outl ef:stlRuyefBRALGNSY ghAF) generated on the left side of the
measurement tubes 2 and 3 vibrated by the vibrator 6 is detected by the

|l eft pick-off 7.6ThehaegecinophasgnkFadf the vibration velocity

(outlet-side velocity signal) detected by 59
[Expression 8]

T: Sampling interval

f: Input fruquency

©: Input phase

When such calculation is performed by the frequency
measurement unit 120, high-speed frequency measurement may be
achieved.

[0098]

(2) Quadrature Frequency Modulator

In FIG. 5, the quadrature frequency modulators 110 and
130 have the same structure andeachobtaina frequencydifference
between two input signals to output a frequency signal.
Simultaneously, each of the quadrature frequency modulators
generates and outputs a signal orthogonal to the frequency
signal.

That is, the detection signal of the vibration velocity
(outlet-side velocity signal) generated on the left side of
the measurement tubes 2 and 3 vibrated by the vibrator 6 is
detected by the left pick-off 7. The detection signal of the

vibration velocity (outlet-side velocity signal) detected by
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the left pick-off 7 is input to the lowpass filter 30. [0099] The anal og
signal of only the owfrequency left velocity signal (outlet-side
velocity signal) is extracted by the lowpass filter 30 fromthe |eft
velocity signal (outlet-side velocity signal) output fromthe |eft

vel ocity sensor 7, converted into the digital signal by the A/D converter

L and OB L Dec UKl g [requencicmpiul ol 1,10, Ia, the auecr al o

reqtiency Qi rence 1S obtalned between the
left velocity si E (%S (outlet-side velocity signal) which is detected by
the left veloci (5/] Thsor 7, output fromthe A/D converter 31, and input
to the quadrature f requency nodul at or 1%0, and_t he redftgrm'e%ed.
t £ Fv

frequency si gnal TRS 2R&APEt IR O6 TP EPRIRY HEF ST A5 5dsed on
t he frequency neasurenent value output fromthe frequency neasurenent unit
120. Si nul $a%edbs|(PUtLRE -§iigfal Ve T HogoRAPRRS) t HE FFEFRAENSA sPYndnS s
generated and out put. [0100% Furt her, the detection signal of the
vi bration Vevoersy Lilitfeslstgenvidiodialr ¥pgRallygehErat dPWH athe ideght
side of the neasurenent tubes 2 and 3 when the nmeasurenent tubes 2 and 3
are vi br atedldgithesigbpadt orowrduk dérest sdebylafite Ye4PE1ify cREBEOE 8. The
detection signal of the vibration velocity (inlet-side velocity signal)
det ect ed byonherteghintm cheofligBtat siypal by thad/bwopassterl 3&r @84 The
anal og signal of only the low f requency right velocity 60

input to the quadrature frequency modulator 110.

In the quadrature frequency modulator 110, the frequency
difference 1is obtained between the left velocity signal
(outlet-side velocity signal) which is detected by the left
velocity sensor 7, output from the A/D converter 31, and input
to the quadrature frequency modulator 110, and the predetermined
frequency signal transmitted and output from the transmitter
140 based on the frequency measurement value output from the
frequency measurement unit 120. Simultaneously, the signal
orthogonal to the frequency signal is generated and output.

[0100]

Further, the detection signal of the vibration velocity
(inlet-side velocity signal) generated on the right side of
the measurement tubes 2 and 3 when the measurement tubes 2 and
3 arevibratedby the vibrator 6 is detected by the right pick-off
8. The detection signal of the vibration velocity (inlet-side
velocity signal) detected by the right pick-off 8 is input to

the low-pass filter 34.

The analog signal of only the low-frequency right velocity
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signal (inlet-side velocity signal) is extracted by the |owpass filter 34
fromthe right velocity signal (inlet-side velocity signal) output from
the right velocity sensor 7, converted into the digital signal by the A/D
converter 35, and input to the quadrature frequency nodul ator 130. In the
gquadrature frequency rmdul at or 130 t he frequency difference i s obtained

bet ween the, i t o] ﬁ; g tq%o'et b | :ﬁy i's
det ect ed b?l?ﬂgyrl ght e% ve OCI y e sorélg‘]éll plﬁ/ rcf)emc%/}ﬁz %E% s(r‘s!t.|er
and input _t the rafure f re ncy. .modul at and.t
pr edet er m ﬁegtet’r e‘ﬁt% EEFgWa@Y q’fﬁs%ﬁttyeﬁlgﬁla out%g?tﬁ%%?t e Y5 s t t er
140 based on the frequen u nt val ue out ut fromthe Lequency
measur ementlgRfL) % %P ﬁ%ﬁ%? t‘ﬁ*?émsjtté’nﬁfa S8t o§8ﬂ¥1FrF8dJﬂﬂ:
frequency signal is generated and output. [0101] Assunme that the qutput
si gnal (I eF]Pev@r%E'f"tlg sigpal PGheoA/D GREVEEIESE By - sPERat B te thsm t he
vibration velocity sensor (left pick-off 7 or right pick-off 8) detecting
t he det ect #8adratygral feeavpecyi Bpaviadhoveldlity and the signal which is
output fromthe transmtter 140 and input to the quadrature frequency
nmodul at or (nore Epddief geadrgtugeddreguancy negquéat9ricdll sherfreguensy 130)
are expressed as follows. [Expression 9] Vibration velocity sensor signal:
sin(e) TrdnSfetrerceoltspurbsigned : bebwee@X)tHD) rigt0¥elerity signal

(inlet-side velocity signal) which is detected by the right

velocity sensor 8, output from the A/D converter 35, and input

to the quadrature frequencymodulator 130, and the predetermined

frequency signal transmitted and output from the transmitter

140 based on the frequency measurement value output from the

frequency measurement unit 120. Simultaneously, the signal

orthogonal to the frequency signal is generated and output.

[0101]
Assume that the output signal (left velocity signal LPO

or right velocity signal RPO) from the vibration velocity sensor

(left pick-off 7 or right pick-off 8) detecting the detection

signal of the vibration velocity and the signal which is output

from the transmitter 140 and input to the quadrature frequency

modulator (more specifically, quadrature frequency modulator

110 or 130) are expressed as follows.

[Expression 9]

Vibration velocity sensor signal: sin(©)

Transmitter output signal: cos (6X) (9)

[0102]
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Therefore, in the quadrature frequency nodulator 110 or 130, 90-shift
signals with respect to the output signal (left wvelocity signal LPO or
right velocity signal RPO) fromthe vibration velocity sensor (left

pi ck-off 7 or right pick-off 8) and the signal input fromthe transmtter
14 0 to the quadrature frequency nmodul ator (nore specifically, quadrature

Eotacaryy T e, Ypor Rl s ANA fi%%que%gﬁ@ geatop 40 gad

géprﬁsflon 11. I NSor Si'gnal ensor si gnal
-shift SI na ressi on rans r.o t | :
sin(ex) T frfsr%otté ?61 éhf%?lé i rec?é’?ﬁéx%o%o gsﬁ Sy h%%lfgna
requency differences at_is c onents ar ul_,at ed based on
si gnal s obfaefettbys 39ehehRy OEOH%Q iXﬁEgElFKeS}8§8§C§$9g §F§Wm¢§
Expression (10) and ExpreSS|on (11) and 90-shift signals after th
frequency VEorRerer ot lqedy 8&3isey 12pftsPhekosEx- Eo%reﬁlrﬂg?—ﬁlﬁ%‘e 2)?) (12)
[ Expressi on 13] cose-cosex-sinesi nex=cos(e-ex) (13) Therefore, in the
frequency Soauldte sian®l apgutaon dhe srgnamstberindgiehRy atrataites

bet ween the input signal 62
frequency modulator (more specifically, quadrature frequency

modulator 110.or 130) are obtained from Expression 10 and
Expression 11.

[Expression 10]

Sensor signal: sin(©)

Sensor signal 90°-shift signal: cos(8) (10)

[Expression 11]

Transmitter output signal: sin(6X)

Transmitter 90°-shift signal: cos(6X) (11)
[0103]
Further, frequency differences, that 1is, (6-6X)

components are calculated based on signals obtainedby frequency
conversion on the respective signals of Expression (10) and
Expression (11) and 90°-shift signals after the frequency
conversion.
[Expression 12]
sind-cosbx-cosH sinbx=sin (6-6x) (12)
[Expression 13]
cosbBrcosbx-sind - sinbx=cos (6-6x) (13)

Therefore, in the frequency modulators 110 and 130, IQ

signals of frequency differences between the input signal
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frequencies fromthe A/D converters 31 and 35 and the output signal
frequency fromthe transmtter 140 are generated and sent as respective
guadrature nodul ati on outputs. [0104] (3) Transmitter The transmtter 140
controls the frequency of the transmtter 140 based on the result 9

obt ai ned by neasurement by the frequency neasurenent unit 120. That is, in

the transmllfleddles At Sgﬁquaﬁé%%gpe& 2fi8SX LA (iRl SLfiugd such

that the ouzt”p%f’t1 requency o rature nodul ator econes 1/ N of

the f o of the detect | of
(outl et S BE5 R F AT Gt el 2 O R e

measur enent tubes 2 and nd det ect ed b%d“ﬂ | ef t éck off 7, and input
to the fre¥fhcy® nlﬁ?i%ﬁ’%?‘bjrvﬁl‘@u? rEHRT e 8 %’f]eontcﬁ Fes%ur ement tubes 2
and 3 are vibrat ed X the vibrator 6. The frequency nodul ator 110 and the
frequency nodul a {&+04130 have the sanme structure. Therefore, as in the case
of the frequency output fromthe frequency nodul ator 110, with respect to
the frequefty BuaPeMiEE®¥ t he frequency nodul ator 130, the out put
frequency of the quadrature nodul ator 130 becones 1/N of the frequency 0
of the detectionTke gaansmitthervi bt @t icomtnpdisocthy Guadrensivdecfel ty
signal) which is generated on the right side of the measurement tubes 2
and 3, andtdetesciederyq beseidghh phek-afflg o ahtainpdtby gnagmuanapfency
nmodul ator 130 in the case where the neasurenent tubes 2 and 3 are vibrated
63 by the frequency measurement unit 120.

That is, inthe transmitter 140, the transmitter 140 output
cosbxn is determined such that the output frequency of the
gquadrature modulator 110 becomes 1/N of the frequency © of 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 detected by the left pick-off
7, and input to the frequency modulator 110 in the case where
the measurement tubes 2 and 3 are vibrated by the vibrator 6.

The frequency modulator 110 and the frequency modulator
130 have the same structure. Therefore, as in the case of the
frequency output from the frequency modulator 110, with respect
to the frequency output from the frequency modulator 130, the
output frequency of the quadrature modulator 130 becomes 1/N
of the frequency 6 of the detection signal of the vibration
velocity (inlet-side velocity signal) which is generated on
the right side of the measurement tubes 2 and 3, and detected

by the right pick-off 8, and input to the frequency modulator

130 in the case where the measurement tubes 2 and 3 are vibrated
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by the vibrator 6. [0105] The frequency nodul ator 110 and the frequency
nodul at or 130 each are provided to obtain the difference between the two
frequencies input to each of the frequency nodul ators based on Expression
(12) or (13) and to have the condition in which the output frequency
becomes 1/ N of the left velocity signal frequency or the right velocity

signal freguency,. and henc the foll owi ng expression (Expression 14) is
hel d. ek%é %%n 3?.13 t r-%‘ exX (14) N O: Input signal OX: Transmitter
out put si gnal ger As described above, the transmtter 140 out put
o Ot m i
cosOX i s desi rab termned to control OX The output of each of the

quadrature f uenc nodul ators 110 and 130 becopes 1/ N of t
signal . The resu %iﬁ%{ﬁncﬁ PERAEGuad? At EEF EE%%%?CM‘QT 110
and 130 correspondlngtoth | eft pick-off 7 and the I‘I%ht pi ck- of f

respect i vel 30 e axpresgeddad %P%ﬁén P LS Tanosspetyprndhe B = s. n

(15) cos(O-O=Cos 0 64
frequencies input to each of the frequency modulators based

on Expression (12) or (13) and to have the condition in which
the output frequency becomes 1/N of the left velocity signal
frequency or the right velocity signal frequency, and hence
the following expression (Expression 14) is held.

[Expression 14]

©: Input signal

©X: Transmitter output signal

N: Integer
As describedabove, the transmitter 140 output cosbXisdesirably
determined to control ©X.

The output of each of the quadrature frequency modulators
110 and 130 becomes 1/N of the input signal. The results output
from the quadrature frequency modulators 110 and 130
corresponding to the left pick-off 7 and the right pick-off
8, respectively, are expressed as follows.

[Expression 15]
. .8
sin(f - 6,) =sin —
(6-6,)=sin
- {(15)
cos(0-8,) = cosf-
N

1
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[ Expression 16] sin(& - Bx 50)=sin(0+50) ... ( 1 6 ) cos(O- ex + 50) =
cos( jO 80) [0106] The driving frequency of the left velocity sensor 7 and
the driving frequency of the right velocity sensor 8 in the Coriolis
flowreter 1 are 1kHz at maxi mum Therefore, if the value of Nis set to
32, the frequencies obtained by nodulation by the quadrature frequency
nDdU|at°rS[é%$r$$91 Olgﬂd out put therefromare approximtely 30 Hz, and
hence only a fiTter havihg a very |low frequency and a narrow band is
desirably prepared. [0107]51n Expression (15) and Expression(16), as

descri bed aﬁﬁﬁ%r9,&%@)Hs&ﬁkueéﬁ@pendsonafIomnetertype. Her ei nafter,
anexanple of the use of NN s described bel ow. We #Eﬁ driving frequency
of the sensors is set in agrange of”Bﬁ”FE"fb”IféOg and the filter
frequency treacd of, +PWp=cosfvertPys is set to a range of 10 Hz to 40 Hz, the
following table may be det¥ernmined. In the set conditions with respect to
the N-value and the filter band, it is inportant to prevent the frequency
after quadratur&OHR®8ll ati on from overl apping with the band of 50 Hz to 60

Hz (commercial frequencies). 65 [0108] Driving N-value (frequency
Frequency after The driving frequency of the left velocity sensor 7 and

the driving frequency of the right velocity sensor 8 in the
Coriolis flowmeter 1 are 1kHz at maximum. Therefore, if the
value of N is set to 32, the frequencies obtained by modulation
by the quadrature frequency modulators 110 and 130 and output
therefromare approximately 30 Hz, and henceonlya filter having
a very low frequency and a narrow band is desirably prepared.

[0107]

InExpression (15) and Expression (16), as describedabove,
theN-valuedependsonaflowmetertype. Hereinafter, anexample
of the use of N is described below.

When the driving frequency of the sensors is set in a
range of 50 Hz to 1,600 Hz and the filter frequency band of
the converters is set to a range of 10 Hz to 40 Hz, the following
table may be determined.

In the set conditions with respect to the N-value and
the filter band, it is important to prevent the frequency after
quadrature modulation from overlapping with the band of 50 Hz

to 60 Hz (commercial frequencies).
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frequency division value) quadrature nodul ation 50 Hz-200 Hz 5 10 Hz-40 Hz
100 Hz-400 Hz 10 10 Hz-40 Hz 200 Hz-800 Hz 20 10 Hz-40 Hz 400 Hz-1, 600 Hz
40 10 Hz-40 Hz [0109] Wien the N-value is selected as descri bed above, the
filtering band used for phase neasurenent is held, and hence filtering may
be perfornmed w thout being affected by the driving frequency (input
frequency). The ﬁfﬁﬂyfe of the use of the N-value is specifically

descri bed here, but needless to say, the actual use of the N-value depends
on the set comptivimg such as-tvheuéi (feegbandg used Faequeeacgdafted sensor

and convertersré@ldfdy (4) PhaseiMiasuremee!) Unit Hhedresuires modupetibhom
t he quadr at wee gfr-egquemrey nodul atorssare substituted fonocazculbatizon into

the follow pgy pelaghonal expressionig[Expression 17] 10 Hz-40 Hz
tan(a-sznaCLly -gosgsdAd,( 1 7 ) cosggcos f *'si a sin fq @lLly yhen the

foll ow ng 268r§§§198055H955U”Ed, 66, 4 Expression 18] (3% 4,8ho uz

[0109]

When the N-value is selected as described above, the
filtering band used for phase measurement is held, and hence
filtering may be performed without being affected by the driving
frequency (input frequency) .

The example of the use of the N-value is specifically
described here, but needless to say, the actual use of the N-value
depends on the set conditions such as the filter bands used
for the adapted sensor and converter.

[0110]

(4) Phase Measurement Unit

The results output from the quadrature frequency
modulators are substituted for calculation into the following
relational expression.

[Expression 17]

. sina-cos f-cosa-sin
m(a_5)= 'B — “ LR N O R R AR L (1 7)
cosa-cos B+sine sin §

[0111]

When the following expression is assumed,
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a+90,x= (18) the follow ng expression is obtained. [Expression 19] sin(0
+90) Cos( N)-cos(+6) sin(t9) tan(O+S- 8= B 9 cos( ,+Srj*)cos(-g)+sin(
,¥SAS)sin() tan(50) .......... ... .. .. .. .. ... (1 9) Therefore, the phase
difference may be obtained. [0112] In another cal cul ati on nethod, the
foll ow ng expressions are used to calculate arc tangents. [Expression 20]
ON tan .. B TesSion " Jrore ( 20) Ncos "1 [Expression 21] sin(
+ 6r ) tan£-§@F6?§}?ﬁ ﬁ% cos(B + Sri) Wien a difference between the arc
tangents is obtained, the 67 phase difference may be cal cul ated. [0113]
<<Feature of #PAa8e measurenent Method using Frequency Conversion>>
According to a feature. of the phase neasurenent system

= ...9_, 3P, B n — e ( 1 8)
a-Af?&mﬁ =
the following expression is obtained.
[Expression 19]
g L. .0
P 9 sia{ﬁ +3¢)- cos(ﬁ) - ;:os(-!w—; + &) sm(—,\-(;)
an(y 89 -7 = — 5
: COS(:’\-’: +5¢)- cos(:\-/—) + Sfﬂf;;; + o) Slﬁ(?,;;)
= tan(dg) e (1 Q)

Therefore, the phase difference may be obtained.

[0112]

In another calculation method, the following expressions
are used to calculate arc tangents.

[Expression 20]

§in ~—

T} o B e sesasrsreasatarvisrerrsnves (2 O)
COS—
N
[Expression 21]
.8
P sin(— + 69)
tam;f-\;+d¢3)=—-—‘---:—- e (201)
CO8{~= + O}
N

When a difference between the arc tangents is obtained, the
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in the present invention, the output signals (left velocity signal LPO and
right velocity signal RPO fromthe vibration velocity sensors (left

pi ck-off 7 and right pick-off 8) may be sanpled at the sanpling interva
unrelated to the frequency of the output signals (left velocity

si gnal LPCandri ghtvelocity signal RPO) fromthe vibration velocity sensors

(leftvPLfgégéée g.ggg¥é£gga%$%ﬁg%oéglggl%@%gpting the detection signals of

t he i on velrocities re 1npu 0 the quadrature frequency
nodul at or s (nDre[gfﬁ%jfically, guadrature frequency nodulators 110 and
130) . Therefore, structure maybe very sinple, the nunber of filter

tabl es may be s%ﬁnific ntlg reduced, and cquq%?t'on @%é%b%,achieved wth
a smal |l erfofeaffkre P5 17829 ITPATHTEH on 5 CﬁJC!has"és suraBit™Band by
t hei nput f requency, Therefore, coupling with sensors having various driving
frequenci eSOWE§TBECP2al i zed and there is an advantage that the system
descri bed above nmay be applied to various types. Further, the conputing
preci sion i s notPafedied Loy tisatvrsuetl EBURRRSS BERE W higHY™eci si on
phase nmeasurement nmay be al ways achi eved. [Enbodi ment 3 [0114] 68 The
measur enenint thespresendt innehtibng Hie | @apulorrignave ¢ oreleqidir  of
fl ow tubes, serving as neasurenent flow tubes, are operated by a driving
devi ce usisapgghhd VPOratdrightTivelotddyuségeail RBOesfpomnthe vVidwtardiary t he
at least one flow tube or the pair of flow tubes are alternately driven by
the vibrateelocity sensors (left pick-off 7 and right pick-off 8) may

be sampled at the sampling interval unrelated to the frequency

of theoutput signals (leftvelocitysignal LPOandright velocity

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

7 and right pick-off 8) detecting the detection signals of the

vibrationvelocities whichare input to the quadrature frequency

modulators (more specifically, quadrature frequency modulators

110 and 130) . Therefore, the structure may be very simple, the

number of filter tables may be significantly reduced, and

computation may be achieved with a small error.

There is little limitation on the phase measurement band

by the input frequency. Therefore, couplingwithsensorshaving

various driving frequencies may be realized and there is an

advantage that the system described above may be applied to

various types. Further, thecomputingprecisionisnotaffected

by the input frequency, and hence high-precision phase

measurement may be always achieved.

[Embodiment 3]

[0114]
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to vibrate the flow tubes. In a Coriolis flowmeter, a phase difference
and/or a vibration frequency proportional to a Coriolis force acting on

t he neasurenent tubes 2 and 3 including the at | east one flow tube or the
pair of flow tubes are/is detected by a pair of velocity sensors or a pair
of acceleration sensors corresponding to vibration detection sensors

noluding the | el ol Gkl (LPOLT A0 tNe thalit 8 ckuallo  ERD 8, whi ch

are provided on rlg ale ow tubes and 3,

to ther Ebyf%%girna_ﬁ%gariéf 14 Eaﬁe and errlndenﬁ A qi%e tl E!ng t%ﬂ%%

measur ed. rio eri requency
measurenent unit 120 for surln f requenc b n_an in nal
(requency SFCaOBFERERR Pholt ot GheT FotiTe: SRFte BT off DALRT ghal 1 g1 t al
converted by the A/D converter 31 and output _from.at |east ne sensor (for
exanpl e, %?SBF%‘ReBFft%eS of angv\% N HR% tBRgRGIE S Sflﬁeg tube
converS|on into digital signals, on tw analog _input signals of t he phase

di f f er enceOT 4ME BRIFIRE GLBWATURSF RFBRIREPAHTIOPE T SRRIPY BRERE RERTW i s

force acting on the neasurenment tubes 2 and 3 including the 69 pair of flow
tubes, whi&h dibrakeethedibywt Rebg8tocity sensors or the accel eration
sensors. Further, the transmtter 140 is provided to generate, transmt,
andout put a frequélncy Spygnalief fQopmeteN) of rhissd giltfeﬁerefnc@qtﬁéWWISﬁQnal
output fromthe frequency neasurenent unit
vibration frequency proportional to a Coriolis force acting
on the measurement tubes 2 and 3 including the at least one
flow tube or the pair of flow tubes are/is detected by a pair
of velocity sensors or a pair of acceleration sensors
corresponding to vibration detection sensors including the left
pick-off (LPO) 7 and the right pick-off (RPO) 8, which are
provided on a right side and a left side of the flow tubes 2
and 3, to thereby obtain a mass flow rate and/or density of
a fluid to be measured.

[0115]

The Coriolis flowmeter includes the frequency measurement
unit 120 for measuring a frequency based on an input signal
frequency of a digital input signal (outlet-side velocity
signal) digital converted by the A/D converter 31 and output
from at least one sensor (for example, left pick-off 7), of
two flow rate signals obtained by conversion, into digital
signals, on two analog input signals of the phase difference

and/or the vibration frequency proportional to the Coriolis

force acting on the measurement tubes 2 and 3 including the
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120. [0116] Further, each of velocity sensor signals (for exanple, input
signal (outlet-side velocity signal) input fromleft pick-off 7) fromthe
pair of vibration detection sensors (left pick-off 7 and right pick-off 8)
is converted into a digital signal by the twoA/D converters 31 and 3 5.

The pair of quadrature nodulators 110 and 130 are provided for performng

frequency _quadr re dul at i.on .b erform LLi i on)

on the fre%%%ﬁc%ﬁa%l%w {rﬁ%e?h% 1 éﬁ%lé %%g%ggr?%?ﬁggoﬁ%]%é?{tf;%%%%y BXn
output fromthe transgitter 140. %0117] The phase difference neasurenent
section 159Fi §Ppravraed 2t tohedtrethe phase difference between the
frequency signals sjine and si n(0+6($2 obt ai ned as th onst ant frequency
signals by convErEFRFT bytifet TRART b G atft Gt 1F é’lfqve]tfffecﬁcﬁp A& Srs 110
and 130. The signal processing apparatus 100_is E$)r ovi}ied to obtain _the
phase dif f EFeRe®lbaded BIFRUT BLEPUENFY 8498ALP TS fhat/ Ne8f F8§F T to 1/ N

of the input frequency of the left velocity signal (outlet-side velocity
si gnal ) whfréauenevt pugnaiopvtpet ToowWuERe of X ELHREN I BRBTULEENE HILY s,
input fromthe A/D converter 31 and the output frequency signal
correspondi®g.to 1/ N of the input frequency of the right velocity signal
(inlet-side velocity signal) which is output fromthe quadrature nodul at or
130, that is, inpotiéfomthe A/D converter 35, to thereby serve
Further, each of velocity sensor signals (for example,
input signal (outlet-side velocity signal) input from left
pick-off 7) from the pair of vibration detection sensors (left
pick-off 7 and right pick-off 8) is converted into a digital
signalbythe twoA/Dconverters3land35. Thepairofquadrature
modulators 110 and 130 are provided for performing frequency
quadrature modulation by performing addition (or subtraction)
on the frequency © of the input signal based on the output
frequency 0Xn output from the transmitter 140.
[0117]
The phase difference measurement section 150 is provided
to measure the phase difference between the frequency signals
sin6 and sin(6+3¢) obtained as the constant frequency signals
by conversion by the pair of quadrature frequency modulators
110 and 130.
The signal processing apparatus 100 is provided to obtain
the phase difference based on the output frequency signal

corresponding to 1/N of the input frequency of the left velocity

signal (outlet-side velocity signal) which is output from the
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as the Coriolis flowmeter. 71 [Description of Synbols] [0118] 1 Coriolis
flowmeter 2, 3 nmeasurenent tube 4 detector 5 converter 6 vibrator 7 left
velocity sensor 8 right velocity sensor 9 tenperature sensor 10 drive
control section 11 phase neasurenent section 12 tenperature measurenent
section 30, 34 lowpass filter 31, 35 A/D converter 70 vibration velocity

sensor 80 vibratjion velocity sjgnal .c uti.n eyi ce . .85
modul at or 9% F%B%H?PF§P5§§%Bh£gQ'ﬁ%ﬁ@ﬂ?in@ﬁ&“ﬁh|Foﬁdﬁm%?gﬁa r%%%%%%%ing
?nrjf)? |r gf :er 3 i%ig’ld(ﬂ g%g:)%égéﬁp ri%)%&uaérgcry %%%nfarleggg?ec gpgr?gfrlfé ecrge E'.t/Nugf tthelzl

input frequency of the right velocity signal (inlet-side
velocity signal) which is output from the quadrature modulator
130, that is, input from the A/D converter 35, to thereby serve

as the Coriolis flowmeter.
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123 transmtter for frequency neasurenment 72 130 quadrature nodul ator 140
transmtter 150 phase difference neasurenent unit 160 clock FIG 1 85
QUADRATURE MODULATOR 90 TRANSM TTER 95 PHASE MEASUREMENT UNIT (1) | NPUT
FREQUENCY (2) TRANSM TTER FREQUENCY (3) INTEGER FIG 2 (1) DRI VING
FREQUENCY FIG 3 (1) VELOCITY SI GNAL COVPONENT (2) NO SE COVPONENT ( 3)
DRI VI NG F ENCY _FIG 1), VELOCI TY SI GNAL COVPONENT (2) NO SE
COVPONENT (3% SBRE-RF RGP F 9-73 FIG 5 100 COVPUTI NG DEVI CE 110, 130

QUADRATURE MODULATOR
[0118]

1 Coriolis flowmeter

2, 3 measurement tube

4 detector

5 converter

6 vibrator

7 left velocity sensor

8 right velocity sensor

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 quadrature modulator

90 transmitter

95 phase measurement unit

100 signal processing apparatus
110 quadrature modulator

120 frequency measurement unit
121 multiplier

122 low-pass filter

123 transmitter for frequency measurement
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120 FREQUENCY MEASUREMENT UNIT 140 TRANSM TTER 150 PHASE DI FFERENCE
MEASUREMENT UNIT 160 CLOCK FIG 14 200 I NI TI ALI ZE PARAMETERS 210 SAMPLE
SENSOR SI GNALS (GENERATE SIN AND COS SI GNALS) 220 MEASURE FREQUENCY SET
TARGET FREQUENCY DI VI SI ON VALUE N 230 DI VI DE MEASURED FREQUENCY BY N TO
CALCULATE QUTPUT FREQUENCY OF REFERENCE SI GNAL 240 GENERATE REFERENCE

VODULATI N { CANERATE- & NAR &EEL S CNALS) 260 NEASURE PHASE. DI FFERENCE
FIG 15 1%4&55%5%%1%&5\ 22 FILTER 123 TRANSM TTER FOR FREQUENCY

VEASUREME M TTER (1) INPUT SIGNAL (2) OUTPUT WAVEFORM OF

TRANSM TTER, F ORnE SE WY MRS REME N ennd 3 BLEIER QUTPUT FIG 16

160 clock

FIG. 1

85 QUADRATURE MODULATOR

90 TRANSMITTER

95 PHASE MEASUREMENT UNIT
(1) INPUT FREQUENCY

(2) TRANSMITTER FREQUENCY

(3) INTEGER

FIG. 2

(1) DRIVING FREQUENCY

FIG. 3

(1) VELOCITY SIGNAL COMPONENT
(2) NOISE COMPONENT

(3) DRIVING FREQUENCY

FIG. 4

(1) VELOCITY SIGNAL COMPONENT
(2) NOISE COMPONENT

(3) DRIVING FREQUENCY
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5 MASS FLOMETER CONVERTER 10 DRI VE CONTROL SECTI ON 11 PHASE MEASUREMENT
SECTI ON 12 TEMPERATURE MEASUREMENT SECTION (1) FLOW RATE (2) OUTLET- SI DE
VELOCI TY SIGNAL (3) VI BRATOR (4) | NLET-SIDE VELOCI TY SIGNAL (5)
TEMPERATURE SIGNAL FIG 17 18 DRI VE CIRCU T 23 COVPUTI NG DEVI CE 27
TEMPERATURE MEASUREMENT CIRCUI T (1) DRI VE SIGNAL (2) LEFT VELOCI TY SI GNAL
(3) RIGHT YELOGLTY SIGNAL (4) TEMPERATURE SIGNAL (5) ANALOG OUTPUT (6)
PULSE OUTPUT 75 FI G 18 32 PHASE DI FFERENCE MEASUREMENT UNIT 33 TIM NG

GENERATOR R NT UNIT 40 COVPUTI NG DEVI CE (1) LEFT
VELOCI TY s?g% E%@%W I TY SI GNAL

30 QUADRATURE MODULATOR
120 FREQUENCY MEASUREMENT UNIT
140 TRANSMITTER
150 PHASE DIFFERENCE MEASUREMENT UNIT

160 CLOCK

FIG. 14
200 INITIALIZE PARAMETERS
210  SAMPLE SENSOR SIGNALS
(GENERATE SIN AND COS SIGNALS)
220 MEASURE FREQUENCY
SET TARGET FREQUENCY DIVISION VALUE N
230 DIVIDE MEASURED FREQUENCY BY N TO CALCULATE OUTPUT
FREQUENCY OF REFERENCE SIGNAL
240  GENERATE REFERENCE SIGNAL
(GENERATE SIN AND COS SIGNALS)
250  PERFORM QUADRATURE FREQUENCY MODULATION
(GENERATE SIN AND COS SIGNALS)

260 MEASURE PHASE DIFFERENCE

FIG. 15
121 MULTIPLIER
122 FILTER

123 TRANSMITTER FOR FREQUENCY MEASUREMENT
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FIG 19 50 COWUTI NG DEVI CE 51, 54 NOTCH FI LTER 52 PHASE DI FFERENCE
MEASUREMENT UNI' T 53 FREQUENCY MEASUREMENT UNI T 55 CLOCK (1) LEFT VELOCI TY
SIGNAL (2) RIGHT VELOCITY SIGNAL FI G 20 60 COVPUTI NG DEVI CE 61, 64
BAND- PASS FI LTER 62 PHASE DI FFERENCE MEASUREMENT UNIT 63 FREQUENCY
MEASUREMENT UNI'T 65 CLOCK (1) LEFT VELOCITY SIGNAL (2) RIGHAT VELOCI TY

SIGNAL 76 i Lgnal processing nethod for a Coriolis flowneter in
whi ch at I%%gtng%%&¥%%sf¢u e or a pair of flowtubes which is included in

a neasure fl be_i perated by a driving device using a vibrator
to alterng?gfy dfﬁ%@¥t§£é§%fleast one flow tube or the pair of flow tubes,
and a phase_difference _and/or a vibration freqguenc ropaQrti a
Coriol [ Thrte  GErE el Rt BB e S FRE OB R o
tubes arel/is detected Qéggelocity sensors or acceleration sensors which
are a pair (3t vibPFHatEROYEFEEL i on sensors provi ded on

FIG. 16

5 MASS FLOWMETER CONVERTER

10 DRIVE CONTROL SECTION

11 PHASE MEASUREMENT SECTION

12 TEMPERATURE MEASUREMENT SECTION
(1) FLOW RATE

(2) OUTLET-SIDE VELOCITY SIGNAL

(3) VIBRATOR

(4) INLET-SIDE VELOCITY SIGNAL
(5) TEMPERATURE SIGNAL

FIG. 17

18 DRIVE CIRCUIT

23 COMPUTING DEVICE

27 TEMPERATURE MEASUREMENT CIRCUIT
(1) DRIVE SIGNAL

(2) LEFT VELOCITY SIGNAL

(3) RIGHT VELOCITY SIGNAL

(4) TEMPERATURE SIGNAL

(5) ANALOG OUTPUT

(6) PULSE OUTPUT
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aright side and a left side of the at |east one flow tube or the pair of
fl ow tubes when the at | east one flow tube or the pair of flow tubes is
vibrated, to thereby obtain a nass flow rate and/or density of a fluid to
be neasured, the signal processing nmethod being characterized by
conprising: a first step of converting, into digital signals, analog
signal s ougpdt fgomthe pair of vibration detection sensors; a second step
of performng frequency conversion on the two digital signals which are

obtai ned by,the gonvertipgoh ook £PpyRpg correspond to the pair of

vi bration détection sensors; a Pﬁ?égﬁg%%%&of neasuring a frequency based
on one di gLt al i digital signals which are obtained by the
convertingg%n th@k$?§§t8%§g%£3§§000rrespond to the pair of vibration

det ecti on nsors; _and 77 a fourth step of generating a frequency signal
correspond?ﬁg toF§?§P5¥C% %FﬁgngMEFEnﬁwggf the frequency nmeasured in the
third step, the s%@naléﬁrocessing nmet hod bei ng characterized in that a
phase diff&PenceCBBPHELNGREREF EoN signals fromthe pair of vibration
detection sensors is detected based on the frequency signal corresponding
to 1/ N of the di BEFEI VBLIQRATYWAEENALs generated in the fourth step. 2. A

signal processing nethod according to claiml1l, wherein in the step of
gener ating(2he fREGEENEHFLOFERYEI SESNARBspondi ng

FIG. 19

50 COMPUTING DEVICE

51, 54 NOTCH FILTER

52 PHASE DIFFERENCE MEASUREMENT UNIT
53 FREQUENCY MEASUREMENT UNIT

55 CLOCK

(1) LEFT VELOCITY SIGNAL

(2) RIGHT VELOCITY SIGNAL

FIG. 20

60 COMPUTING DEVICE

61, 64 BAND-PASS FILTER

62 PHASE DIFFERENCE MEASUREMENT UNIT
63 FREQUENCY MEASUREMENT UNIT

65 CLOCK

(1) LEFT VELOCITY SIGNAL

(2) RIGHT VELOCITY SIGNAL
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to 1/N of the digital signal of the frequency e which is output fromthe
frequency neasurenent unit, a frequency ex is obtained for frequency
conversion to satisfy e/ N=e-ex. 3. A signal processing nmethod according to
claiml1l, wherein N is determ ned such that the frequency signa
corresponding to 1/N of the digital signal of the frequency e which is
output fromthe frequency neasurenmeph uypit is smaller than 50 Hz. 4. A
signal processing apparatus for a Coriolis floweter in which at |east one

fl t ub i [ I i i s _Lncl i , fl
(gw tube ot o D fidl] LM Iabes ARiShed sobns! et L0, e fositersnl | o
th t | , fl t ub th i f fl. t h .

e 2L eash e o dthe Onne Bl ool QWA B BB L
78 ti h t, | t fl t ub th i f fl t S /i

19, 201110, 00,105 A C2Sk 15 AU A0S, 0L, 15,081 Ol o L Ubes, gt i

vi bration detection sensors provided on a right side and a Jeft side of
the at | eaSEVofié #3HWF tuNePERtorhECpal FeBRat ¢ by FHibEs thiteAtt He2 3t Iast one
flow tube or the pair of flow tubes is vibrated, to thereby obtain a nass
flow ratefdfd/ BrPeedsi Eheopabr fohi EleW BereRastREd® RW%i%ﬁaﬁe%ﬁ%ssi ng
apparatus being characterized by conprising: A/D converters for
converti ngannes aivgidralt isingfzeguengrapoopet ghanal dit puEoriohi s Heoysg r of
vi bration detection sensors; a pair of quadrature frequency nodul ators for
perform ngacting on the at least one flow tube or the pair of flow tubes
are/is detected by velocity sensors or acceleration sensors
which are a pailr of vibration detection sensors provided on
a right side and a left side of the at least one flow tube or
the pair of flow tubes when the at least one flow tube or the
pair of flow tubes is vibrated, to thereby obtain a mass flow
rate and/or density of a fluid to be measured,
the signal processing method being characterized by
comprising:
a first step of converting, into digital signals, analog
signals output from the pair of vibration detection sensors;
a second step of performing frequency conversion on the
two digital signals which are obtained by the converting in
the first step and correspond to the pair of vibration detection
sensors;
a third step of measuring a frequency based on one digital
signal of the two digital signals which are obtained by the

converting in the first step and correspond to the pair of

vibration detection sensors; and
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frequency conversion on the two digital signals which are output fromthe
A/ D converters and correspond to the pair of vibration detection sensors;
a frequency neasurenent unit for measuring a frequency based on one
digital signal of the two digital signals which are output fromthe A/D
converters and correspond to the pair of vibration detection sensors; and

t itt f i f i i ; 1-1/
o, LranemLLer o Gencraling. Sl s Aol £ cesaniino g8 (1 1/ N
it, th i i t i h j i h
ont . LR ShEPSLLRLASEIS L0 00PRLAL ) i 108 BELOER o L phSe

quadrature.fregue dulators. 79 5. A signal processing apparatus
accordi ng td gﬁ%iﬁﬁ%?gnaﬁgpein t he frequency neasurenent unit for measuring

the frequency based .on one digital signal. of .the two digital.signals

Whi ch are out put CRT GG R BFE B BA T ioth Ho A BP AR T4 LVt ty
sensors or the acceleration sensors which are the pair. of vibration

det ecti on 3ePRIFS Hedd S Bt ESLHERBIIEBBHT { PELI I IMDTS fir&iusheyPAEasUr enent .
6. ACoriolis flowmreter in which at |east one flow tube or a pair of flow
t ubes whi cHiPEarRen HREETH A FEASArENEhleteshe hdeed LHpBrat RSN
driving device using a vibrator to alternately drive the at | east one flow
tube or theipapt epPrreppandibes toandNa gfhdde dliffidreen sl adl orhiclvids ati on

frequency proportional to a Coriolis force acting on the at |east one
generated in the fourth step.

2. A signal processing method according to claim 1, wherein
in the step of generating the frequency signal corresponding
to 1/N of the digital signal of the frequency © which is output
from the frequency measurement unit, a frequency 6x is obtained

for frequency conversion to satisfy 6/N=0-6x.

3. A signal processing method according to claim 1, wherein
N is determined such that the frequency signal corresponding
to 1/N of the digital signal of the frequency © which is output

from the frequency measurement unit is smaller than 50 Hz.

4. 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 operated by a driving
device using a vibrator to alternately drive the at least one
flow tube or the pair of flow tubes, and a phase difference

and/or a vibration frequency proportional to a Coriolis force
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flow tube or the pair of flow tubes are/is detected by a vibration

detecti on sensor when the at |east one flow tube or the pair of flow tubes
is vibrated, to thereby obtain a nmass flow rate and/or density of a fluid
to be neasured, the Coriolis flowreter being characterized by conprising a
si gnal processing apparatus conprising: A/ D converters for converting, into

digital sigpalsg oRNalYcstgnal oAU, LLOM Lheupaliaiof ofi Bl itihes

detection sensors; a pair of quadrature frequency ators

erformn regqgu VI, S] h i git i S |

butput e 3rel e r S el ebt erlab e ofe et o RS SRR S AT o s
det ection SEnsors. a frequency. asurenment._ unit for measuring a fée uency
based on oRGLAIGRESl 2sPEhal 51 HREST G dior Tar & gt SO whiBre v % U put
fromthe A/D converters d correspqnd to .the ir of vibration detection
sensors; and BI%T & tﬁ’@afgﬁfﬁeﬁgaﬁt‘? ohF fartggl?@ﬁéyogfegfp'n; w tc‘xr’;?‘? é¥pondi ng
to 6 (1-1/ of a digital signal of the frequency output fromthe
frequency RBEsRR Lot Fubre WhERaFRprafc sy caspatausubei o the

characterized in_that aphase difference is obtained based on the signals

gener at ed PByTtPe faw tofoeguadr dibrated edridipufiureteis. agnass flow

rate and/or density of a fluid to be measured,

the signal processing apparatus being characterized by
comprising:

A/D converters for converting, into digital signals,
analog signals output from the pair of vibration detection
sensors;

a pair of quadrature frequency modulators for performing
frequency conversionon the twodigital signals which are output
from the A/D converters and correspond to the pair of vibration
detection sensors;

a frequency measurement unit for measuring a frequency
based on one digital signal of the two digital signals which
are output from the A/D converters and correspond to the pair
of vibration detection sensors; and

a transmitter for generating a frequency signal
corresponding to 6(1-1/N) of a digital signal of the frequency
output from the frequency measurement unit,

the signal processing apparatus being characterized in
that aphasedifference isobtainedbasedonthe signalsgenerated

by the pair of gquadrature frequency modulators.
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5. A signal processing apparatus according to claim 4,
wherein the frequency measurement unit for measuring the
frequency based on one digital signal of the two digital signals
which are output from the A/D converters and correspond to the
velocity sensors or the acceleration sensors which are the pair
of vibration detection sensors has a phase locked loop (PLL)

for frequency measurement.

6. 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 operated by a driving device using a vibrator to
alternately drive the at least one flow tube or the pair of
flow tubes, and a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on the at least one
flow tube or the pair of flow tubes are/is detectedby a vibration
detection sensor when the at least one flow tube or the pair
of flow tubes is vibrated, to thereby obtain a mass flow rate
and/or density of a fluid to be measured,

the Coriolis flowmeter being characterized by comprising
a signal processing apparatus comprising:

A/D converters for converting, into digital signals,
analog signals output from the pair of vibration detection
sensors;

a pair of quadrature frequency modulators for performing
frequency conversion on the twodigital signals which are output

from the A/D converters and correspond to the pair of vibration
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detection sensors;

a frequency measurement unit for measuring a frequency
based on one digital signal of the two digital signals which
are output from the A/D converters and correspond to the pair
of vibration detection sensors; and

a transmitter for generating a frequency signal
corresponding to 6(1-1/N) of a digital signal of the frequency
output from the frequency measurement unit,

the signal processing apparatus being characterized in
that aphasedifference isobtainedbasedonthesignalsgenerated

by the pair of quadrature frequency modulators.
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