SI GNAL PROCESSI NG METHOD, SI GNAL PROCESSI NG APPARATUS
AND CORI OLI' S FLOMWETER [ Technical Field] [0001] The
present invention relates to a Coriolis floweter 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 densit
of SAGNALi| HROGEBEIRGaMEFHAD, FEﬁEkérB&ﬁ@Eﬁﬁin[bﬁﬁé¥AT&§l
Coriolis floweter is a nmass fl owreter based on a
point that a Cori ANDSCORLOBIACFLOYMBHER f| ow tube
(hereinafter, flow tube to be' vibrated is referred
to as flow tube) is proportional to a nass flow rate
in a case where the flow tube through which a fluid

@ﬁﬁgﬁ?fg§§tgfg&é#oms is supported at both ends and

Ion is applied about a support point in a
directLqﬂ) perpendicular to a f low direction of the f
| ow t ub®’ %%e Coriolis floweter is well known and a
shape of a flow tube in the Cariolis flomnﬁt%;éf%lowmeter

br oad| TheIiRERRNG kY entshom Tt tsHh e h&Hd
curved-tube-type. [0003] The Coriolis flowreter is a

fos slftdadvims erphase dfiefferenne aadfiexsa Wibpratier requency
signal proportional to a mass flowrate in '
Pyep®tt1cmhl pesi oo et fieeoe katth ngndn suppovttube to obtain
portions and 1 central portion of a measurenent tube

4 MmAs§aBLowhi€e t83/0or 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 flow 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 flow 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
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measur enent tube through which a fluid to be neasured
flows is supported at both ends and the centra

portion of the supported neasurenent 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. Wen a
chritgaly porglencofi & measuaienedtcsndarin 3 heaphaybere the
di fference signal may be detected as a tine

k4§ erennaes siussl throudte whlderay dtlivdnl pos ke oesasofrechd lows
nmeasur enent tube. [0004] When the alternate driving

14 80P8BEY c@ha tihBr HBAGH @B He cbéHbeal porrdSrAsfIBhe sipported
the natural frequency of the nmeasurenment tube, a

@{%ﬁ&ﬁ?% | v f fi%qus&ezégﬁaeegggoagwsnt 02 densditection

urd to be neasured 1s obtal ned, and hence the

neasur ene tube may be driven with I E V] ;
B LA 0T 8, SOVRSER(T 1S ¢ néiroRlfBe bt ¢ fibe signal
generally driven at the natural _frequency. and the

Phalshe didart bFHE PEPRAEF PRt Rt fg%S? O jfpte. When a
di fference signal. [0005] The straight-tube type

@ot v bhg € rleguemeat ks Medatainedieenseant n thie BRase dif ference
case where vibration is applied in a direction

PEypENdingy| be Betectedaisghta tulree adi§fefenceentignhl in the
portion of a straight tube supported at both ends, a

ShsOLREeIBAt pdi{ £ e60OCEE Bhhe thGaSir@n@hit tutbe. which is
caused by a Coriolis force, that is, a phase

di fference,$ignal is obtained between the support 2
portioh and central portion of the straight tube, and

a maSSWhen 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 to be measured is obtained, and hence the measurement
tube may be driven with small driving energy. Therefore,
recently, the measurement tube is generallydrivenat the natural
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 supportedatbothends, adisplacement difference
of the straight tube which is caused by a Coriolis force, that

is, a phase difference signal is obtained between the support
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flowrate is detected based on the phase difference

signal. The straight-tube type Coriolis flowreter as
descri bed above has a sinple, conmpact, and tough
structure. However, the Coriolis flowreter also has a
probl em that high detection sensitivity cannot be

obtai ned. [0006] |In contrast to this, the

por VioR tamd-agrgeradodantiieon Pfoknet étraégbgp’évb%r ard a mass
the straight-tube type Coriolis flownmeter in the
poowtratatia ddapetddrbadddcin il gleldenglidfifferdre signal.
Coriolis force may be selected. The mass flow rate may

Bie @@ﬁ#ﬁﬂﬁ/—@lﬁé@@ﬁé Wolrh hiighrsenmieteyi 4¥.déscribed above
conmbi nation of a coil and a magnet are general ly used

andd%hel Q%leéear&% Iﬁcﬂjr 'é’ﬁcﬁ‘g}:éﬁgtfg@f’ut:ﬂg%e ThgoGRiver, the

griet” a pref erab tached to positions

f h
V0L 8 B TR BEAR o7 3SR, RS evecrion

devi ation between the coil ,and the nmagnet is
FERS AF 2EHLY TRARBPErBe PRtAiRede of a curved-tube-type

Coriolis flownreter including two parallel flow tubes,

the twbOp@éhllel flow tubes are attached so as to
sandwi ch the coil and the magnet. Therefore, a design

i s madensedntatasthetd wohdppostite f cowvedbesbeatype Coriolis
separated from each other at an interval to sandw ch

Eiowxh@@ét: tike s@bdrane the trRRONStrai RO7EubES thpiei addsiolis

| ommeters including two flow tubes [ocated 3 in
g?g@nﬁé{eg%rph?@%% pBifPrirld & LhOPEBiSF e vR1y2ESRing 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 to positions 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, ina 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
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or a Coriolis flowreterhaving high flow tube rigidity
is required to increase power of driving neans, and
hence it is necessary to sandwi ch [arge driving neans
between the two fl ow tubes. Therefore, a designis
made so that an interval between the flow tubes is
necessarily w dened even in a fixed end portion which
is parbddelplanes, efCatiolinflowpeser haougy a Agrge diameter
illustrated in FIG 13, a Coriolis flowreter 1 which
o8 agearal i syf kovaet einHai hng hdegh ilehapee rigaditgisntequired
tubes includes a detector 4 for two U shaped
BB Ak Lapdd o2 apdlvidg mMednd, GOy ekt bt T¥enecessary
detector 4 for the nmeasurenent tubes 2 and 3 includes

V] 6 r < V] '
Pobyghgveln 119Pbe FEPPRALIRALRL AL OREATCHE WS PRI tabes.

vi bration_velocity. generated .on a left, sid h
PudtaFahent =, Gp8Len” 4 JFa%6 07 o e B TS Heren the
a_right velocity sensor 8 for detecting a _vibration .
ferycrebe g diongcessar 1d Y riAenefdever Ihé fexsdr %ﬂfgrﬂortlon
tubes 2 and 3 vibrated by the vibrator 6, and a
wbipbr Asuaebasenport9ohopfdehectiny hube@perature of a
fluid to be nmeasured, which flows through the
nmeasur ¢oeogltubes 2 and 3 at the detection of the
vi bration velocity. The vibrator 6, the left velocity

sensorad, i iNestiathda il eaict.y1936ns WorBoland flldémeter 1 which
tenperature sensor 9 are connected to the converter

?ﬁr %gg%%%i%gy-r&%ownu IQd QRE JRAS W Shapd Gledd @¥Enent tubes

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 fluid 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]




measurenent tubes 2 and 3 of the Coriolis flowreter 1,
flows fromthe right side of the neasurenent tubes 2

and 3 (side on which right velocity sensor 8 is

provided) to the left side thereof (side on which

| eft velocity sensor 7 is provided). Therefore, a

velocity signal detected by the right velocity sensor

8 i s aBhenifduisi deo vBeocnedsuremal whichhef ¥ows dthrgugs the

nmeasured flowing into the nmeasurenent tubes 2 and 3. A
vedsuréyest gnabesie? extded f the Ceffolebofloymeeasol, Z£lows
is an outlet-side velocity signal of the fluid to be

reanuties fidgwi ’A def beNthbemdRasteme®nit bd®e e andnd Bside on
(00101 The converter 5 of the Coriolis flowreter

%ﬂgbﬂdfn%ﬁtd@éY8c1€9n§éRéo§e§ti@ﬂpﬂ&bl&b@ﬁa§§ the left side

measur enent secti on , and a t enper at ure neasur enent

ctio 2. . The convert
RES+ESE) Seralotpotbirh Bher Paddiecbefedd ¢ PG aee)
Is, the converter 5 of_the CDrIO|I fla te as_.an _.
i nput aRe*efPpEt ﬁorYell%”W d?WQai gjir%qvg%tﬁ({)ugy the right
termnal 16 included in the drive control section 10 ,
velpedbydiengar hks amnpeietnsidevehogidm signafpf the £fluid
drive control section 10 outputs a predeterm ned node

sogvalmedswared Hd adriinge isitgnaheoweastrenentnitndted @ apd 3. A
the vibrator 6 attached to the neasurenent tubes 2

300081ty LE§RAANGEL¥EbEALSy iR NMRETUKENREL tiuBeAsdrandis an
Each of the left velocity sensor 7 and the right

3
o F?ght ¥1gén\§e§ﬂﬁé§tﬁs%hﬁﬁ Setgets 18 tob@he8Bured flowing

ocitie

from the measurement tubes 2 and 3.

[0010]

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

The converter 5 of the Coriolis flowmeter has a block
structure as illustrated in FIG. 14.

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.

Each of the left velocity sensor 7 and the right velocity
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accel eration sensor. [0011] The drive signal output
termnal 16 is connected to a drive circuit 18
through an anplifier 17. The drive circuit 18
generates a drive signal for resonance-vibrating the
measurenent tubes 2 and 3 and outputs the drive signa
to the anmplifier 17. The anplifier anplifies the
papaerdS wihighyndeteahd thet plitrationrYsEosi yies gy be an
the drive signal output termnal 16. The drive signa
aatplierdtoont henaaplifier 17 is output fromthe drive
signal output termnal 16 to the vibrator 6. [0012] A
left vebocity signal input termnal 19 to which a
detection signal of the vibration velocity generated
on theThée&Ifi§éd§igﬁaih@uﬁ'%@éuféﬂﬁ{‘ﬁai ubgsi® @dhected to a
vi brated by the vibrator IS input is provided in

Ln t t . . J.eft, ve I B ; ;
bFEa e rhsare, 2 Pt R ol ey oy  REAE Alive ctrouit
measurenent section 11. A right velocit% Si naLbin%ut th
L8r HSRATP] odwiiich'e Sd8Padt i IeF sFERaragfFer NgPrating the
vi bration velocity generated on the right side of the
Measurensnt twWpes 2 akh 33apf P atRet Hythe driyiemedgppleto the
is input is provided in the input and output port 15.
aFhplifght Vel oditey aspdndhernpuplifies die dgpus drive signal
included in the phase neasurenment section 11. [0013]
Endlsutiiase tAeastineTENgnaBald the Lk if@r § bgnal Abput terminal
conver si on

16. The drive signal output from the amplifier 17 is output
from the drive signal output terminal 16 to the vibrator 6.

[0012]

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]



on the vibration signals of the pair of velocity

sensors in the case where the predeterm ned node

signal is output from the drive signal output

termnal 16 to the vibrator 6 attached to the

measurenent tubes 2 and 3 to vibrate the nmeasurenent

tubes 2 and 3 by the vibrator 6, to thereby perform

di gi t aTheqraas Besruprneasssen)icmad LiprriobraAM® eonversion
phase difference between the converted signals. The

bef theelabirhyishgeagnabpubft ehai pair 18f i setooieyt @ensors in
to an input termnal of an anplifier 21. An out put

taem-aak wﬁErEhﬁhé”g?Eaéﬁérﬂlnéa £688e61 §Hal 0i dNoddPut from
converter 22. The D converter 22 converts, into a

ghgi &fivé( aéjiﬁglsgg?gﬁ!togefﬁﬂﬂg* légha{ﬂ?%i%ahtor Fe?t%tached

anpl 1Tyi ng tion signal outpuf fromthe

el ocity signal input,terpginal, 19 _by the_ amplifier
¥Re SRrohedniarnentbsupt e, B, ooy iPERfEL i gReaddrenent
devi ce 23. 50014L Further, the right velocity_si qgl
tHBEE RePRfndl P¥Othe VibrAEEYefl: t BO A FHPRY P%?E?ﬁ |digital
of an anplifier 24. An output term nal of the
 appiefrsapn2priosessingct @hd chen Akyaior &t trRasesdifiference
A/ D converter 25 converts, into a digital value, an
apalegnsitherakonbeaiteddby gaapki.f yi ng the vibration
signal output fromthe right velocity signal input

term nehe2fe By 1AM} ishig@al 2ZAputUdifinal h® disgtbddhected
signal output fromthe A/D converter 7 25 is input to

EBeaBOEfHBBE”QeQﬁi’h&f &B-an amplifier 21. An output terminal
of the amplifier 21 is connected to an A/D converter 22. The
A/D converter 22 converts, intoadigital value, ananalog signal
obtained by amplifying the vibration signal output from the
left velocity signal input terminal 19 by the amplifier 21.

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

[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 vibrationsignal output
fromthe right velocity signal input terminal 20 by the amplifier
24,

Further, the digital signal output from the A/D converter
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[0015] Further, a tenperature signal input term nal 26
included in the tenperature neasurenent section 11 to
whi ch a detection value fromthe tenperature sensor 9
is input is provided in the input and output port 15.
The tenperature nmeasurement section 11 perforns tube
tenperature conpensation based on the detection
Renper dnEvE bBt BhAedobpUthadt @APEFAt APe sensor 9 whi ch
is provided in the neasurenent tubes 2 and 3 and

det ect §0@ns]i nternal tenperature of the neasurenent
tubes 2 and 3. A resistance type tenperature sensor is

gener afhytHe£( a 8empEeat eFR & iridlei AP0 WerhimaIegsiicluded
a resistance value, to thereby calculate a

§ AL R {p%ga-gﬂ&et RORELALHERE H @l ord RRUL o WelidHal d@@ectlon

I S connec a tenperature nmeasurenent circuit
era

TRTub EPSTahHE T iPaRar SRR LeAbbE b L1 E L ARIE UL E 500 dﬂ%d in
based on the resistance value 0 é“” fromthe
EBRp PRI BTCe USRS PRRS i Ther RS (STRSERLTE Meagygement

measur enent tubes 2 and 3 mhlch is calculated by the
cenpapat ik periasmschhe temperature Fempapgatignitpsed on the
conmputing device 23. [0016] In the phase neasurenent

det kot iositegpdra thore adbtiaindd byrmitecrenpeisa tisse sehedr 9 which
above, vibration is applied in a primary node, to the
HBapubeHBAE tHDLEReZmaagdudeméhontibes Ve bandios #nd detects an

attached to the neasurenent tubes 2 and 3. When the
FhUed9nk® temperature of the measurement tubes 2 and 3.

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

The temperature signal input terminal 26 is connected
to a temperature measurement circuit 27. The temperature
measurement circuit 27 calculates the internal temperature of
the measurement tubes 2 and 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 applied inaprimary

mode, to the measurement tubes 2 and 3, from the vibrator 6



be measured flows into the nmeasurenent tubes 2 and 3

while the vibration is applied, a phase node is

produced in the neasurenent tubes 2 and 3. Therefore,

the signal (inlet-side velocity signal) from the

right velocity sensor 8 and the signal (outlet-side
velocity signal) fromthe left velocity sensor 7 in
ahbacheflot¢ stHe meastarementatubest pLands’ a Woem the fluid to
whi ch the two signals are superinposed on each other.

Be gl r oditiluiwsas ntbet i@ medsundunerit thbeswp arsi gnehsle the
are superinposed on each other includes not only a

fhevatiaha sSa el edUb pHai Rod@hgHriiRadd oh the measurement
unnecessary noi se conponents. In addition, a

Egggegcg gs jChanged depending on, for exanple, a
change in enS|ty of the fluid to be neasured. [0017)

Ther ef

si gnal ‘fﬁ?rshs»r g Raetal, LiplFEVT Faf b URGER, ibtas) £rom
sensor 8 and the left wvelocity sensor 7. However, it
FRevightaye i peilY seaseanbradithe signat dsvtletsisdis velocity

fromthe signals fromthe right velocity sensor 8 and
shenhél tf nool o L fsarslmcityt sepapr dl n the foniiedds. flowmeter
Further, the Coriolis floweter 1 is often required to
haasse baltpulni &b -apf ech Sirowh reh e twots b 18 glressgeelr imposed
response. In order to satisfy such requirenents, a

Bﬁ”EHEhncgtﬁlSi“ Cen AWM HRPtCARPe® ¢oppULAt WRDcANEhe two
hi gh- processi ng performance is necessary, and hence

%‘Egngﬁf%h&g}é Suble ?‘%%)%redloﬁte%@ otBe ¥t 1 RIHEASE h1Ya £low

OoWrTet er reqU|res an est abl i shed

rate signal but also a large number of unnecessary noise
components. In addition, a frequency is changed depending on,
for example, a change in density of the fluid to be measured.

[0017]

Therefore, it is necessary to remove an unnecessary signal
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
have very-high-precision measurement and high-speed response.
Inorder to satisfy such requirements, a computing device having
very-complex computation and high-processing performance is
necessary, and hence the Coriolis flowmeter 1 itself is very

expensive.



phase difference nmeasurenment nethod using both an
optimumfilter always fit to a neasurenent frequency
and a hi gh-speed conmputing nmethod. [0018] 1In
conventional phase di fference neasurenent nethods of
calculating a flowrate, a filter processing nmethod of
removing noise is divided into a nethod using an '
anal ogThukt ekhar@rriokis Hodwratey 4 degudzest antegtablished
The met hod using the analog filter may be relatively
phaxpehs fieer rgeeme d our emenp he t hBdtuenindloctimantopkt ianch £ilter
Pat ent Docunent 2). However, Patent Docunent 1 and
Ratvapk DACHBRNheaguféEne firebiuentcy ditPh QMyH-peed computing
performance of the filter, and hence, there is a
@gggggq1that the filter is not sufficient for the

rtolts flowreter. [0019] 1In recent years, a |large
nunber gh gﬁriolis floweters wusing digital signa
proces§| & ave been devel oped, and the nethod using
t he digital filter has _been devel oped as the filter :
pr oces SPPRERHEHORA L PO ﬁgfﬁsregcxe Megfprement methods of
conventional phase difference nmeasurenent nethods of .
callcullatiing a ifd o varke avef i enprosessingerned efl removing
types of the Coriolis f |lowreters wusing digital
sicdsel ipr diesdiedginnol admeahodt hedngf ancasatoggfiadter and a
phase using a Fourier transform (see, for exanple,

Reteprd ubesymaniyidktand raiweihod of selecting an
optimumtable fit to 10 an input frequency from

filter phableendchidiRo hd' i dd | £flcer may be relatively
inexpensive (see, for example, Patent Document 1 and Patent
Document 2). However, Patent Document 1 and Patent Document
2 have a limit to improve the performance of the filter, and
hence, there is a problem that the filter is not sufficient
for the Coriolis flowmeter.

[0019]

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

Examples of conventional types of the Coriolis flowmeters
using digital signal processing include a method of measuring
a phase using a Fourier transform (sée, for example, Patent

Document 3) and a method of selecting an optimum table fit to
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and a band-pass filter to neasure a phase (see, for
exanpl e, Patent Docunent 4 and Patent Docunent 5).

[ 00201 <<Phase Measurenent Method using Fourier
Transforne> A converter of the Coriolis flowreter

based on the phase neasurenent nethod using the

Fourier transformhas a block structure as

anl ispuatfoequerdyGErem fhlteGtakies hnclufinga ootepn filter
signal input termnal 19 provided in the input and

andpet bandt pdbst pi vbe£htd heealaiectd phase gsek, oforhexample,
vi bration velocity (outlet-side velocity signal)

wRicehti pogenehat ada08 Phechel bosufenef shhe nmeasurenent
tubes 2 and 3 vibrated by the vibrator 6 and which is
detectqg By; the left velocity sensor 7 is input is
connecteg t& a lowpass filter 30. The | ow pass

filter 30 is a circuit for extracting, _throu a
Eliaes. epRr e erin s th3, Hor B Fo ey <F o P apaSEN

signal (outlet-side velocity signal) fromthe | eft

vel oci ycorRYREsT futhetCerirl e ifdavmeterghassd fRn she phase
fromthe left velocity sensor 7 detecting the

Tebisarienenie metihod geviaaattde Eounier |tefansieen dias he block
measurenent tubes 2 and 3 in the case where the
FRas¢terentst unessZraned3 iar @1@.bigat ed by the vibrator

6. [00211 The lowpass filter 30 is connected to an

A D coryertar 1§,1-tH@ele%Dxﬁéaraeqrttfrsi%agoaylgwcs;eirm_&aal 19
a digital signal, the 11 left velocity signal which is

b'%%v@&%ldozgn%&n?hpﬁgtm oﬁart?)@t port 15 to which 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 vibrated by the vibrator 6 and which is detected by
the left velocity sensor 7 is input is connected to a low-pass
filter 30. The low-pass filter 30 is a circuit for extracting,
through a frequency filter, only a low-frequency left velocity
signal (outlet-side velocity signal) from the left velocity
signal (outlet-side velocity signal) output from the left
velocity sensor 7 detecting the vibration velocity generated
on the left side of the measurement tubes 2 and 3 in the case
where the measurement tubes 2 and 3 are vibrated by the vibrator
6.

[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

11



obtained as the digital signal by conversion by the

AI'D converter 31 is input to a phase difference
measurenent unit 32. The A/D converter 31 is connected

to a timng generator 33. The timng generator 33
generates a timng of sanpling Mtinmes (Mis natural
hefibevelondtinplgnai egqhbayis [ tioe2analyg t ikgeaheputput from
hand, the right velocity signal input termnal 20
phevisckedpass tihiel tenpad .anThel it vedrdcity sdgwhilcbbtaened as
detection signal of the vibration velocity

thal @lgstde ¥ehAsityyStenRabrsidhi 6P tike IBNSIebFePter 31 is
the right side of the neasurenment tubes 2 and 3

txhg{l?lt gﬁt ngfxggev.h%fégéng‘gaﬂga%.&'@mehﬁ dgiecsed by

oCl ty sensor I's Input I's connected to a
| ow pa

jlter 34. The.lowpass filter 34_is.
ci rcui ?ﬁ?ﬁ%ﬁ%’&]ﬁtﬁ& glt hY o %rhneac?eréeg:l?e ctf/&?'llﬁ?e?‘?nerator
only a low f requency right velocit si gnal .
ePnl ethej aniRg RS atghat 3 3‘?%?1‘?"%‘?1%9 rd g‘%m*féﬁ? ok t§Ampling
signal (inlet-side velocity signal) output fromthe
M ghmesvéModpt pasunedr ngmijerdcthaginputy EEREAVEBARY -
velocity generated on the right side of the
measur ¢oepR}tubes 2 and 3 in the case where the
nmeasur enent tubes 2 and 3 are vibrated by the vibrator

6. [0083lheldtnd #MaR@s thki it vé1b6i€pBAGERad Hputierminal
A D converter 35. The A/ D converter 35 converts, into

the | owpass filter 30. The left velocity signal
? (S)(Etr%ﬂé}igineﬂsgélg '%Zx!eéin aélfto %tﬂdfé\ﬂ%ﬂut\;ﬁ&% hEY SWHDEh MY §tection
put fro

signal of the vibration velocity (inlet-side velocity signal)
which is generated on the right side of the measurement tubes
2 and 3 vibrated by the vibrator 6 and which is detected by
the right velocity sensor 8 is input is connected to a low-pass
filter 34. The low-pass filter 34 is a circuit for extracting,
through a frequency filter, only a low-frequency right velocity ‘
signal (inlet-side velocity signal) from the right velocity l
signal (inlet-side velocity signal) output from the right
velocity sensor 8 detecting the vibration velocity generated
on the right side of the measurement tubes 2 and 3 in the case
where the measurement tubes 2 and 3 are vibrated by the vibrator
6.

[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

12




the lowpass filter 34. The right velocity signa

obtained as the digital signal by conversion by the

AI'D converter 35 is input to the phase difference
measurenent unit 32. Further, the A/D converter 35 is
connected to the timng generator 33. The tim ng

generator 33 generates a timng of sanpling Mtines

tiehs veteedty neisead vibech dsuther agadraysigpagoaytput from
Further, the right velocity signal input termnal 20
phevlcdecpaiss tfHid tiempdi4 . artheowtight pelociby tsdguisilchbthéned as
detection signal of the vibration velocity

thel aigstde ¥ebasit¥ystenabysivhi ) the OB/ Bredweeer 35 is
the right side of the nmeasurenment tubes 2 and 3

§h§ﬁ€t€8 Pyet gﬁagébaﬁkQérénéadméﬁbﬁPehéngehﬁ&tegzby

ri ght velocity sensor I's input I's connected to a

meacur ERBRECEn a7 Rt betSr 2 Rp rfe‘éfﬁ%%eﬁ%’?o? tg,ghe tining

det ecti on S|gnal of the V|brat|on v% .
BEREEREOR ) vor TS (51 T SOy SHALOT 53 JEREFAEES Bntiming of
right side of the measurenment tubes 2 and 3 vibrated
Bemphéng ¥raives Mahd DAFekalsndebet! cbheyinpet (fEpEuency.
vel ocity sensor 8. The frequency neasurenment unit 36

is confeogedl to the timng generator 33. The

frequency neasured by the frequency neasurenent unit

36 i s putpHErt Othbe riiighitngedednat igddl Higut iterginal 20
of sanpling Mtines (Mis natural number) the input

R R R K
g&%%%i%?f%ﬂﬂ?%ﬁ%&%@?%&-9@15c§€y éﬁkiéeJEJH% velocity signal)
which is generated on the right side of the measurement tubes
2 and 3 vibrated by the vibrator 6 and which is detected by
the right velocity sensor 8 is input is connected to a frequency
measurementunit 36. The frequencymeasurement unit 36 measures
the frequency 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 vibrated by the vibrator
6 and which is detected by the right velocity sensor 8.

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

to the A/D converters 31 and 35.

13



generator 33 , and the frequency neasurenent unit 36

are included in a phase neasurenent conputing device

40. [00251 |In the phase neasurenent nethod using the
Fourier transformas illustrated in FIG 15, the input
signal (inlet-side velocity signal) fromthe right
velocity sensor 8 is first input to the frequency o
measur Epenphaget d36fegenegsieasurepeqie eyt e the timing
frequency neasured by the frequency neasurenent unit
8énerstonplt, and the frequengeneaastvem8st uftid 36 airegindluded
sanpling Mtines (Mis natural nunber) the input
inequgnsY¥ei feg80eembRt chbyplibenyi aehgcgeperator 33 and
input to the A/D converters 31 and 35. Further, the
detectigp,sj gnal of the vibration velocity

(outlet-side velocity signal) which is generated on

the left i de_pf the nmeasure t ng 3 d ;
obt ai n%’d g‘}et hgﬁaFSi tmaﬁas%rl%dnne;ﬁ] b?gggﬁéeﬁ%sﬁo b§ﬂ§ heFourler
A/ D converter. 31 and the detectio si gnal .of the, .
¥ BREFPEH afet bl trated Lp FIfdd aeF e u?isd@asl Cipegrside
is generated on the right side of the neasurenent ,
vabesity sirgnad Jafronting neahhyeliesidivgpersosiSghaf gyt 1nput
conversion by the A/D converter 35 are input to the

pbaske df féquence wesesurememtt unirti 36320 Mhasdeeeztireguency.
signals are Fourier-transforned by a discrete Fourier
rhansteqieHolt meASArear By eehé Nt guenesp emedsif @nemceunit 36
measurenent unit 32 and a phase difference is conputed

?%Zfﬁgﬁ’a fo ! Bhd %Mﬂ%?&&fﬁr @%Wpo‘?ﬁgttﬁ'ﬂﬂn? of sampling
gl hary conponent of the converted signals.

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.

Further, the detection signal of the vibration velocity
(outlet-side velocity signal) which is generated on the left
side of the measurement tubes 2 and 3 and obtained as the digital
signal by conversion by the A/D converter 31 and the detection
signal of the vibration velocity (inlet-side velocity signal)
which is generated on the right side of the measurement tubes
2 and 3 and obtained as the digital signal by conversion by
theA/Dconverter 35are input tothephasedifference measurement
unit 32. The detection signals are Fourier-transformed by a
discrete Fourier transform unit incorporated in the phase

differencemeasurement unit 32 andaphasedifference is computed

basedonaratiobetweena real component and imaginary component

14




[0026] <<Phase Measurenment Method using D gital
Filter>> Converters of the Coriolis flowreter based
on the phase neasurenent method using the digital
filter are described with reference to bl ock
structural diagrans illustrated in FIGS. 16 and 17.
Frequency sel ection neans such as a notch filter or a
bénthpasenverted ssgusdd.as the digital filter. An S/N
ratio of an input signal is inproved using the
frequefog26kl ecti on mneans such as the notch filter or
the band-pass filter. FIG 16 illustrates a bl ock
stbHebH Re@budemBRYeMERhoAl usiRg £RGiehlSFilewaeter
using the notch filter as the drgital filter. The

| nput éBHvQPEFE% rt{]helé_orgg?z15%10%@&9&“]&%&&% the phase

i nput termna t velocity signal 1nput
m nal

e g s N Far e g vaen

have the sane structures as _the input and output port
ysfergacpete bépsbuﬁyrgpeﬁafluﬁbﬁsram%rh+%%ft qatedpin FIGS.
right velocity signal input terminal 20, the | ow pass

fiel a8As130 and 34, and the A/D converters 31 and 35

as illustrated in FIG 15, respectively. [0027] In

FI G 18reyihenédyDsedaveibarm8insssaohnast@dnooch fibttér or a
filter 51. The notch filter 51 selects a frequency
basadpaBslPilter 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. 16 illustrates a block structure of a converter of
the Coriolis flowmeter using the notch filter as the digital
filter.

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

[0027]

In FIG. 16, the A/D converter 31 is connected to a notch

filter 51. The notch filter 51 selects a frequency based on

15




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 51 is connected to a phase
measurenent unit 52. The phase nmeasurenment unit 52
measures a_phase of the left velocity signal which is
theal efet ved ochs ydi ignal whiighdls obyaspad@sstba dedtal signal
which is inproved in SSNratio by the notch filter

by. cénveéheiontine tinet AWDf cdheertdr ixl ceonastea impraove an S/N
frequency nmeasurenent unit 53. The frequency

Faasel efeah ua@éhg&a&uwsbeaohltgwency of the left
velocity signal which is obtained as the digital

si gnal TRy ﬁg@%@:ﬁhﬂ{éf‘t er\ﬂglggr'%' écffé@r&y%d Qsé/rmeasurement

ratio by t requenc measur ed

h Len measur enpent_.unit. I S |n
Rienss | e BS4sFoRSar i B, 72 ik it 2t 54“%@1‘- the
.S connected to ,a notch, filter 54. The notch filt
3% §el"§&?§15yf?é%§i'ﬂc‘\}hb%‘%e’os ghtained as the| &H{L{}al signal
signal which is obtained as the digital signal by
bynvensesaipy and vk dsyémpsoved iBoS A% n@mmovée notch
an S/N ratio of an input signal to be output. The
fdflckexf SAt.er 54 is connected to the phase neasurenent
unit 52. The phase nmeasurenent unit 52 neasures a

phase e{irther,rt@dtnotdoeilyesi snals wbheBct 4ok al fedquency
as the dlgltal signal by conversion and which is

hEREAYetheh® u{N £ 811 Orye F GO0t FReatfirement unit 53 measures

a frequency of the left velocity signal which is obtained as
the digital signal by conversion and which is improved in S/N
ratio by the notch filter 51.

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

[0028]

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 improve an S/N
ratio of an input signal to be output.

The notch filter 54 is connected to the phase measurement
unit 52. The phase measurement unit 52 measures a phase of the

right velocity signal which is obtained as the digital signal

by conversion and which is improved in S/N ratio by the notch




filter 54. Further, the frequency neasured by the
frequency neasurenent unit 53 is input to the notch
filter 54. [0029] In FIG 16, a clock 55 is used for
synchroni zation, and input to the A/D converters 31
and 35 to synchronize the A/AD converter 31 and the
Al D converter 35 with each other. The notch filters 51
fhdten, S¢he phase difference neasurenent unit 52, the
frequency neasurenent unit 53, and the clock 55 are

i ncl udedrthen, phalse nRaspreant measpirteidngbgevibe Hfequency
[0030] FIG 17 illustrates a block structure of a

fen¥arerenef untBes&oi sol hput! ewmeher nestRgrieer 54.
band-pass filter (BPF) as the digital filter. The

I nput §5g29ytput port 15, the left velocity signa
input termnal 19, the right velocity signal input

9
term nal f(g tg;elo ss.filters %ga {_7
A D copbefer de1a 8igBRessle MR FrehPnifepfifabitn, ana
have the sane ftructures as __the jinput and ogtgut orﬁ D
1BPUENEC| BRE AR RANKPLGSFaR Y APGt 35t EPnFRAFNYeNigRthe A/
right velocity signal input termnal 20, the | ow pass
£Phversed03inand4thand/Phecnrereenvabt Wishigaghdogher.
as illustrated in FIG 16, respectively. [0031] In
FI G 1Thet tAlD £bhvertersi3land éannechedphasa difference
band- pass 17
measurement unit 52, the frequency measurement unit 53, and
the clock 55 are included in a phase measurement computing device
50.

[0030]

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

The input and 6utput port 15, the left velocity signal
input terminal 19, the right velocity signal input terminal
20, the low-pass filters 30 and 34, and the A/D converters 31
and 35 as illustrated in FIG. 17 have the same structures as
the input and output port 15, the left velocity signal input
terminal 19, the right velocity signal input terminal 20, the
low-pass filters 30 and 34, and the A/D converters 31 and 35
as illustrated in FIG. 16, respectively.

[0031]

InFIG. 17, theA/Dconverter 31 is connected to a band-pass

17




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) fromthe left velocity
signal (outlet-side velocity signal) which is output
fromthe left velocity sensor 7 detecting the _
fiiBbtari dBPFe| 6di-t y Thenbeadepags tid teat t6lsiide afcirmuit for
measurenent tubes 2 and 3 and which is obtained as
eherdicgihgl, shgoaghby fosnveisy dilbent hendyDacbafbrvelocity
31 in the case where the neasurenment tubes 2 and 3

sign¥ibhatedgby bhe ¥Yregataeyb(odbtebasddeaseldbtitersignal)
61 is connected to a phase neasurenent unit 62. The

?g?tﬁle tHléailéEE”‘éE&oHFi:gmégﬂﬂs@S l@%ﬁﬁlét pbase 9&1&8§t¥ signal)

vel ocity signa I's obtalned as the digital
signal . by conversion,an ich s, V. [y :
FRE by Vet ErR fe PP r S 1 GBEh pptPecing che
the band-pass fjlter 61 is_connected to, frequenc
fféawﬁéﬁéln‘fe%ﬁﬁlttseseen?ﬁatﬁfl&ih%%?feﬁé %ﬂé@%‘ﬁ?%guremem
63 nmeasures a frequency of the left velocity signal
BHbelR Rsandbd arm@dvlekch Hes gilgiadaledsiagnshebilgdhadr sigRal by
by the AID converter 31 and which is inproved in S/N

cahiverisy ohhdybatite pAgD fiontverte@l.3IThinf thqueasg where the
nmeasured by the frequency neasurenent unit 63 is

mepelremehite thaed- passd Bl hee @ibrh@@d3by kuet kebratbe 6.
Al D converter 35 is connected to a band-pass 18

Theband-pass filter 61 is connected toaphasemeasurement
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
obtained as thedigital signal by conversionby the A/D converter
31 and which is improved in S/N ratio by the band-pass filter
61.

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

[0033]

Further, the A/D converter 35 is connected to a band-pass

i8




filter 64 . The band-pass filter 64 is a circuit for
extracting, through a frequency filter, only a right

vel ocity signal having a set frequency (inlet-side
velocity signal) fromthe right velocity signa
(inlet-side velocity signal) which is output fromthe
right velocity sensor 8 detecting the vibration _
@éf%%hﬁﬁ . gEhekansh R e vl Eeyied 19 acbrcyuHefor extracting,
measurenent tubes 2 and 3 and which is obtained as
theodgliat ffeguegnay fiyl teonvendy enrbght tted i ycengpal draving
35 in the case where the neasurenent tubes 2 and 3

argeti bredesndy thelet bs adervélodey baighdols st fdm tifie right
64 is connected to the phase neasurenment unit 62. The

PEBSEL SN - SadRRIYATy 818H83F 9hilRCis output

left velocitiy signal which is obtained™as the digital

. . o oh i E , .
EL O She i SRVELOLEE, B 50 ol oo R B E Vet a®i8nverociey
band- pass filter 64 is connect to the frequenc
FEBSTRCSE 27 e BSNeT R BguEhe, MredstrBR by biles 2 and 3
frequency neasurenment unit 63 is input to the ,
PRAMHEER ¥5 |Iaktiged pg Fhe digitalcssgRaboly Copegrsion by
for synchroni zation, and a clock signal fromthe

thedk/Bxamnsvertme 15 inhéha/ Basenwketrer she 3deagurStent tubes
synchroni ze the A/D converter 31 and the A/ D converter

Boandth goshvibheted The bRadvpesstdrléers 61 and 64,
t he phase neasurenent wunit 62, the frequency

Neasurgi@Nbarl-ba®d ANrtkdhesdl otk BannabeelN®d!defle! phase
a phase neasureitent conputing device 60. 19

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. 17, a clock 65 is used for synchronization, and
a clock signal from the clock 65 is input to the A/D converters
31land 35 tosynchronize theA/Dconverter31landtheA/Dconverter
35 with each other.

The band-pass filters 61 and 64, the phase measurement
unit 62, the frequency measurement unit 63, and the clock 65

are included in a phase measurement computing device 60.
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[Prior Art Docunment] |[Patent Docunent] [0035]

[ Pat ent Docunent 1] JP 02-66410 A [Patent Docunent 2]
JP 10-503017 A [Patent Document 3] JP 2799243 B

[ Pat ent Docunent 4] JP 2930430 B [Patent Docunment 5]
JP 3219122 B (Summary of the Invention] [Problens to
be solved by the Invention] [0036] In the phase
nexdoreArht Dosunedtlsi ng the Fourier transform as
descri bed in Patent Docunment 3, when the input
filrageancpoelimehe]i nput detection signal of the

vi bration velocity 1is constant, a phase neasurenent
met hod [pa¥ksng very-hi gh-frequency selectivity may be
performed because the Fourier transformis used for

fr equeney, sak epbAflenkOWF gk, ohlskRgoNE! NOd using the

Fourier transformas desScrib at ent Docunent 3,
when t i nput _frequency,o e_i etection
signalngEFﬁg QPBPg?Pgngéeﬁgcﬁpyspgegha%ged accor di ng
to a density or a tenperature, it is necessary to
change [PRECPFaRSFUPRRReBhodPor 7PR243aRpl i ng rat e.
Therefore, the conmputing cycle or the conputing

met hod [Pateh&ngedumant 4hedBe283@€38uBenent val ue is

vari ed and thus unstabilized. [0037] 20
[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
frequency of the input detectionsignal of thevibrationvelocity
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
according to a density or a temperature, it is necessary to
change the transform method or the sampling rate. Therefore,
the computing cycle or the computing method is changed, and
hence a measurement value is varied and thus unstabilized.

[0037]
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In addition, in the nmethod using the Fourier transform

as described in Patent Docunent 3, when the input

freqguency of the input detection signal of the

vi brationvelocity is changed according to the density

or the tenperature, it is necessary to accurately
synchroni ze the sanpling rate with the input
frequefisyadditheni ngutths meshioghugéngcthe BEeghder wrppsform
hence a design is very conplicated. Therefore, there

s depteolbhbed fhaPatahenDbbemértp2r avhier tlé impuf | Lireduency
to be neasured is rapidly changed or the density is

baRhd MnpoasedcbyoR i gha 13 t bbb est i 6h @ellbe ithlisgkhanged
the neasurenent precision is extrenely reduced.

585598gggt98 Eﬁgr&éh%%%ﬁggiFﬁffgghb%&aEh§@§fQEnlésnecessary

escri I'n Pat ent has™a problem that the

urmber _of conputi r.ocessi ngs _becones. . very J .
g8c§5§8r8'Fe§Pfe syé’)?g‘gl? el %?‘et %@"\P U :Ezrraftreanvgf%; %ﬁqe input
00381 In the nethods of selecting_ the optinu tablg
F?qPSnFHeOfiﬁBBt1PPEEu§h99aFF8ﬂ1Y%%O??FYe?l$%% psand hence
including the notch filter and the band-pass filter
godgeagor ést Nerphaowpadcassdri bed in  Patent Docunent
4 and Patent Docunent 5, when the sanpling rate 1is
hel d, Therdésign tiegrédssa middlieadthalowerien the tempéepature
nmet hod using the Fourier transform as described in

Bat eRé £0ELIRY b mbABuRBaSEs BASIH BRI HanRidedsthe density
using the digital filter as described in Patent

r?%ﬁgg?@g%frf ?ﬁfg%?g?; érréi LI tr DuiRAds §nRoVeh¥ ERLYQ, 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
input frequency fromthe filter tables including thenotchfilter
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.

However, as in the method using the Fourier transform
as described in Patent Document 3, the phase measurement methods

using the digital filter as described in Patent Document 4 and

Patent Document 5 require a very large number of filter tables
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correspondi ng to changed i nput frequencies, and hence

have a problemthat nenory consunption of a conputing
device is large. [0039] In addition, the phase

measur enent nethods using the digital filter as

descri bed in Patent Docunment 4 and Patent Docunent 5

have a problemthat it is difficult to select the
gpiriresponidingr tonchangsd v frequernpied r angehepce have a
rapi dly changes. Further, the phase neasurenent

pRlohadsm tllsa'a.ﬂ@ehhﬁ:}dd:@héﬁthptibhtoéraa&nﬂnﬂ:dm'g)édvioe is large.
Pat ent Docunent 4 and Patent Docunent 5 have a

probl emgbhat a vary |arge nunber of conputations is
required to inprove frequency sel ection performance.

0040 |
glgﬁtLF TQ$¥BR§§SI ﬁeSCFIE g in Eatenté%%cun%nt % %%éng the
Pat ent t 5 bl (1

e taindd LEamnae FBRFGHoE el&hgﬁg‘gn BERRNERE; 4 dbq patent

at high precision. That is, it is very difficult tg
DegUeat FehaUeeAeRtoPhen tiak ithers dtﬂ#eflﬁéﬂéa fy gelect the
the fluid to be measured rapidly changes because of

apt ipwiob | e Itiexd nign & Jase dhetee thei Mppuvefraguency rapidly
frequency sel ection performance, a very |arge nunber
dhatygaut ations are required. Therefore, it is

difficult to realize high-speed response, and hence

the mhegdrs tRe lﬁHa@é‘ ﬁeggﬁréﬁéﬁb Mt HRES 1BIn§Whéddigital
short period of tine.

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.

[0040]

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 ina case where 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
method is unsuitable for batch processing for a short period

of time.
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(3) The menory consunption of the conputing device is

| arge, and hence the design is conplicated.

Therefore, a circuit structure and design are

conplicated and very di sadvantageous in cost. [0041]

When all the factors are considered, in any of the

conventi onal phase neasurenent nethods including the

didgi The mempryrcergerrtiony, of thy somputing dgydreyis large,
band other than the tube frequencies of the

apds Unegroentt Heu biss ijrants 3compl tomved, TEmerdfooe, tdecircuit
swtching of the filter table, the change of the

sefdture ﬁﬁﬁ%i?ﬂdr@h@oﬁFBDG&t@& drite veanpli sgdvaheageous
are required to always follow the tube frequencies of

the -geasurenment tubes 2 and 3. Therefore, there is a
problemthat it is necessary to perform conputation

whi ch i%oﬁ?ﬁy conplicated and | acks hi gh-speed
perfor&ance. Thus, when the neasurenent tubes 2 and 3

are vibrated by the_vibrator 6, it is very likely to
generaf”&eﬁ EnputingfaeFPee iaﬁ"eea"c‘?fﬁﬂaqe?%?g'onlﬁf g Of the
i nput frequencies of the vibration velocity signals_
wenyeniienadt phase measnecRreghimetdiasits thpcdakimg thef@digital
detecting the vibration velocity generated on the

fiidlter prdeesbinpge avasigedEnt fudgeelcnrihi8l artthetrtheéhan the
| eft velocity sensor 7 for detecting the vibration
¢ebecEtr¥gUeneiabedf Athd RRashelemenitdeuBbst Heand 3 is removed,
measurenent tubes 2 and 3, and hence there is a

%%@bhéﬂbér@ie EATUSTRNbEPERE 1511 Y 8a%8EY LRMV-cHAUbE the
computingmethod, and the change of the samplingratearerequired
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 ineachvariationof the input frequencies of the vibration
velocity signals which are detected by the right velocity sensor
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.

[0042]
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An obj ect of the present invention is to provide a

signal processing nethod, a signal processing

apparatus, and a Coriolis flowreter, in which even

when a tenperature of a fluid to be neasured changes,

even when air bubbles are mxed into the fluid to be
measured, or even when the fluid to be nmeasured

r api dl Hn aiienteoff thenpregantt nventjond s keluneidsme signal
may be always performed with constant precision,
prasesptagwesied, astignhil ghrodedstiery apppeatws nanda ¢eriolis
realized, and a conputing processing anount nay be
Feduwselet) 2R WHiERNEYon SidN aaeuleratMi@nsff ar fluid to be
solving the Problens] [0043] A signal processing

H@EQQ? %%g Loefl A élr%dkﬁJleé §r@'hﬁ¥de‘ae£jn§<9 t&% fluid

to so ve- ment | oned pro a si gna

rogessi ng. et hod for a

B ‘ﬁsa'g?a%hre 31 5t el uhey S 4 Sfeu“ega%gg rapidly
is included in a neasurenent flom1tube IS erated b
§haPe¢end Te8V i AR Y aalm}ﬂ&mf“ee&uaﬁfsrﬁp % d1ways
drive the at | east one flow tube or the pair of flow
pelséormgddvitpkeos tantfpreeitel emdPhass NedpFerement with high
frequency proportional to a Coriolis force acting on

fhe tatringepstfomeaftevid realazetiheapdia cofipfitdngt pbesessing
are/is detected by a pair of velocity sensors or a

Bblunef magCeke-abuerds @Bsans exteddlynkablsi daocand .an
outlet side of a fluid to be neasured, which are

LA 8B-0RLIGhAN CHRNSALRIHAPN Lhe at | east one

ow tube or the pair ow tubes is vibrated, to
thereb* Qg ain anass f low rate and/or density of the
| ui d 98 measured, 24

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 f£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 a pair of velocity sensors or a pair of acceleration sensors
on an inlet side and an outlet side of a fluid to be measured,
which are vibration detection sensors, when the at least one
flow tube or the pair of flow tubes is vibrated, to thereby

obtainamass flowrateand/ordensityof the fluid tobe measured,
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the signal processing nethod being characterized by

i ncl udi ng: neasuring a frequency based on an i nput

signal frequency of at |east one of the vibration
detection sensors, of two flow rate signals obtained

by A/ D conversion on two input signals of the phase

di fference and/or the vibration frequency _

pr opor thenalignalt Irraxssoing netbedabeing shansctqrized by
| east one flow tube or the pair of flow tubes, which
anelddimgted by the pair of velocity sensors or the

pai r of acceleration sensors; transmtting a contro

si gnal nbasading 4 Fecimendifaséd tiencitipyestighailnfrequency
conposite frequency conversion based on the

bEans 'fetats%doﬁgg%f.r Qhesxiiﬂkgﬁétﬁé’n R @i d8eh¥OrE! WE two flow

rate signals t al ned D conversion on the input
nal s of

[ th h di f f / h i L on:
PrER ERegebPoRRreraRg B g/, Pt of ul| 2hBbEFignals
on the at | east one flow tube_or th air.., of flow
phbeshe whhaser 814EPEEPER b?rn‘tiZ%r péﬁ}épof’ ipEprbdPry frequency

sensors or the pair of acceleration sensors; and
preportignplatesthe Garicluif Siogersl a6Eind PR fidieRteleast one
signal of each of controlled converted conposite
ffleguenbe es; the paherebyf loiw &ubes , phiehdfd slediesded by the
signal component. [00441 A signal processing nethod

Paser bbegel de Lt piganborhiogNthe pPiH\UFladcedetattion sensors;
Sol ve the above-nentioned problens, is a signa

ggocesﬁEQQsmﬁElﬂQﬁga%c UL T O £4RLIN baseRAlAC EAd ZREasured
frequency;

pérforming composite frequency conversion based on the
transmitted control signal to each of the two flow rate signals
obtained by A/D conversion on the input signals of the phase
difference and/or the vibration frequency proportional to the
Coriolis force acting on the at least one flow tube or the pair
of flow tubes, which are detected by the pair of velocity sensors
or the pair of acceleration sensors; and

measuring phases from a sum signal or a difference signal
of each of controlled converted composite frequencies, to
thereby obtain a phase difference signal component.

[0044]

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
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in that the sumsignal or the difference signal of

each of the converted conposite frequenci es obtained

by the perform ng conposite frequency conversion

based on the transmtted control signal is controlled

so that a sum conponent or a difference conponent of

a conbi ned conposite_conponent is constant. [0045]

sngrkat g svai aggnel ey thesdi fGeEenfecs MR B, Oﬂ/vﬁaeﬁ of the
is provided so as to solve the above-nenti oned

poobketed cempasitgndirepuencieisngbretimed dgedittd merforming
claim1l or 2, <characterized in that the performng
e6mpesite frieRfleREYcoNPdYel 6h BasbasRlt RS tadndiiittied yontrol
OSC|IIat|on frequency includes: nultiplying an input

Hah %l\éénéfamé@es&%ﬁ t'a;%m Zébl%éhbﬁe sﬁtscaipperence

sors he transmtted control signal cose2; and
extractl nl Ly # r [ h ap QuhBUL Lt
A L
frequeE é ther [0046] A signal processing nethod
descri B8B4Ph claim 4, which is provided so as to
sol ve the above-nentioned problens, is_ a signa
pr ocesdi ignel REPCRIVIRT Methed (dasarikgd in claim 3, which
characterized in that the perform ng conposite
fisepuenigedcenvesstonsbivedtbe abpowebnenbigned problems, is
oscillation frequency includes: multiplying an input
si g88dnSl NgJrddedsildte @8€hod tdwcoRfing to claim 1 or 2,
characterized in that the performing composite £frequency
conversion based on an arbitrary oscillation frequency
includes:

multiplying an input signal SIN61 from the one of the
vibration detection sensors by the transmitted control signal
cosf2; and

extracting only a low-frequency signal from an output
signal output after the multiplying through a frequency filter.

[0046]

A signal processing method described in claim 4, which
is provided so as to solve the above-mentioned problems, is
a signal processing method according to claim 1 or 2,
characterized in that the performing composite frequency
conversion based on an arbitrary oscillation frequency

includes:

multiplying an input signal SIN61 from the one of the
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vi bration detection sensors by the transmtted contro
signal co0s62; and extracting only a high-frequency

signal froman output signal output after the

mul tiplying through a frequency filter. [00471 A

signal processing nethod described in claimb5, which

is provided so as to solve the above-nentioned _
pibbrEien deteqt boywanserEchy sty tranwey tdedorankgol csignal
claim1 or 2, in which: the input signals of the phase
dotbereand and/or the vibration frequency

proportional to the Coriolis force acting on the at

| east eRerhbeMngUbRl Pra gy d@refiferidyoWibnaas £refi &0 output
are detected by the pair of velocity sensors or the

g@hhanou%LEEQ}!% lﬁﬁfﬁ?g?ygliﬁg SRR *f&eggl%gf%l[filter .

onversi o obtain I gl nal s; "and ea

converhﬁﬁ ggnposite frequency signals obtained by the

per f or 6 onposi te frequency conversion based on the
transmtted control signal is controlled sq that . a sum_,
conpon®nflInRl PERFGRF HIE SLIIPbASHCIIPSL donfindl >, which
conposi te conponent is 1/4 of a sanpling, frequency )
fer pravided eenwerPopolyeone akove gpanthpredskypglems, 1is
apparatus described in claim6, which is provided so
ass ignaDprecelses imgovet hedtdarmdlimmpbberdaim § or i gnavhich:
processi ng apparatus for a Coriolis f |lowreter in
whi ch tak ELQP%K: @Agnhlewdfulteorprnadaaidi ffefdrive tarbdbor the

which is included in a neasurenent flow tube is
ORBL-at A nbYrqehdy WS GRSl B8 #He Coriolis force acting
on the at least one flow tube or the pair of flow tubes, which
are detected by the pair of velocity sensors or the pair of
acceleration sensors are sampled by the A/D conversion to obtain
digital signals; and

eachtof converted composite frequency signals obtained
by the performing composite frequency conversion based on the
transmitted control signal is controlled so that a sum component
or a difference component of a combined composite component
is 1/4 of a sampling frequency for the A/D conversion.

[0048]

A signal processing apparatus described in claim 6, 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 £low 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 |east one flow

tube or the pair of flow tubes, and a phase

di fference and/or a vibration frequency proportiona

to a Coriolis force acting on the at |east one flow

tube or the pair of flow tubes are/is detected by a

vel ocity sensor or an accel eration sensor which is a

@ bikrhbardee el omatako dnitven thigeatit 1¢asis torgnd lidwowube or
tube or the pair of flow tubes is vibrated, to

tthereir olit fiow aubass arid awhaakead BhftE enceaady praf vabration
fluid to be neasured, the signal processing apparatus

l2@iclgetltg ?%%Ur%@.@n@l tonal eei-Ae1i8 EReEdene¥ing on the at
measurenment unit for neasuring a frequency based on

@L.'éaisrﬁpBBeS.f 9&9' tiﬂeeq}iegﬁ)é ?éi?fﬁf ?%z&% %Ql%e%f a'irgzlisng?gected

vibratiron detection senso I'ow rate
bt ai ned by, AAD__conversion on t i_nput signal s qgf. .

o kO Y PR o 8P SR lerBtatroR SRR cten 1
prooportional to the Coriolis force acting on the at
VakIetdre APERCEHBE DPNERE YRR e REoleREbeie fliwcfube or
are detected by the velocity sensor or the
&bechedixt PEnflgentwpes als rarimrattadr toorthersiynobtaiyg a mass
and outputting a desired frequency signal based on

tthew rageecatyl/wrasiehed thy ofha frledde oy bemmaessuerent
unit; a frequency conversion section for performng

frequeney segRNerStoPesdiddlhdtiraill RGny dRafdbRllized b
frequency ofgthe ﬁtransn%??eﬁﬁfa (or fro#?.each of the Y

I iLgnal s of the phase difference and/or the
&%%?ggﬁg%qfrequency proportional to the 28

a frequency measurement unit for measuring a frequency
basedonan input signal frequency of at least one of thevibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the velocity sensor or the acceleration
sensor;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measuredby the frequency
measurement unit;

a frequency conversion section for performing frequency
conversion to add (or subtract) an output frequency of the
transmitter to (or from) each of the input signals of the phase

difference and/or the vibration frequency proportional to the
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Coriolis force acting on the at |east one flow tube or

the pair of flow tubes, which are detected by the

vel ocity sensor or the acceleration sensor; and a

phase difference nmeasurenment section for nmeasuring a

phase difference between frequency signals, which are
detected by the velocity sensor or the accel eration _
Somiol 1safdrodtad tiay opythemiedsnsh oye ttHeow EegacicFhe pair
conversion unit. [00491 A signal processing apparatus

aefs Erliole d ulbe s | ahich, awki detecsefr byi tbhd selasity sensor or
sol ve the above-nenti oned problens, is a signa

RHRC TN @ raRkAdAlsenslod; andoriolis f lowreter in
which at |east one flow tube or a pair of flow tubes

whi ch iaspbgﬁgugffife}@n@e TrED ARt £ fs!é@’ﬁitd’!'p%drsgleasuring a

oper at ed riving device using a vibrator t

al t er nat drive the at_|east one .f| tube.

PR R FrERF B B e eed s iRietiborile i gh grd derectea
vi bration frequency proportional to a Coriolis force .

51 PR VG oS APSTPERS Bhe TG SRl B SERECpaidncpotained
flow tubes are/is detected by velocity sensors or

&y sloavetrisdions diys dihe fivlegivency wosveriseen dtldet i on

sensors when the at |east one flow tube or the pair

of flowotodlsds is vibrated, to thereby obtain a nass
flowrate and/or density of a fluid to be neasured,

the si gnad gid DRSTRE i 2RRASEE st e iBg celipeacieelaed bywhich
i ncluding: a frequency neasurenent unit for neasuring

la.Lsf ;p%&'z%. 22360 12N B veNRHE 8bolelmbhequaRaY pPbblkms, is
east one of the vibration 29
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 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 vibration
detection sensors 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 apparatus being characterized by
including:

a frequency measurement unit for measuring a frequency

basedonan input signal frequencyof at least one of the vibration
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detection sensors, of two flow rate signals obtained

by A/D conversion on two input signals of the phase

di fference and/or the vibration frequency

proportional to the Coriolis force acting on the at

| east one flow tube or the pair of flow tubes, which

are detected by the vibration detection sensors; a
tesrshiipnesehsprsr ansntvei Ajodntabet phgnahg abtesnedddy A/D
frequency signal based on the frequency neasured by
tbaverejoancy tweedspuensignails of théiplsisd déddemeyce and/or
conversion section for performng frequency

€RBYV&HiHrak ibd FIdquencSU Dt idhaQuitiitt He ecpensyis force
output fromthe transmtter to (or fronm the input

3k993h of HSRHERCY Qb ANEE1BY, %‘{J‘rt LRg ﬁ‘af'i-?fhf'eﬂkl% tubes,

one vibration detection sensor o pai r- of

vibration detectiagn.sensaors..into a digital si I

AP P2k, BELERYER o7, SR8 TaphatAel et tash, BPBrsts:
section for performn frequency conversion to add )

(or suBtrERR§MHeeH HPULTRP aa&ﬁ)e(yg %%(?ahtmt&ﬁ%a desired
transmtter to (or from the input signal frequency
sreaueagysi wivkasedgnahs Gredquesicymeanered bhrdie frequency
detection sensor of the pair of the vibration
deteatreoensenndts into a digital signal by a second

A/ D converter; and a phase difference nmeasurenent

sectiop frrrdeasddidney BBASErdibheereachetfiRenpérforming
first frequency signal converted by and output from

F?ggggﬁgy £5§99F§§¥nQQp¥ﬁf igp 188 Ang, oﬁt?ﬁ%oﬁgequency
y signal converted by and out put fromthe

3% %ﬂ@ f&%%ﬂ%ﬁﬂ§ytfgﬁg {éégp §SCR59nff§%) the input signal
frequency obtained by converting a signal of one vibration
detection sensor of a pair of the vibration detection sensors
into a digital signal by a first A/D converter;

a second frequency conversion section for performing
frequency conversion to add (or subtract) the output frequency
output from the transmitter to (or from) the input signal
frequency obtained by converting a signal of another vibration
detection sensor of the pair of the vibration detection sensors
into a digital signal by a second A/D converter; and

a phase difference measurement section for measuring a
phase difference between a first frequency signal converted
by and output from the first frequency conversion section and

a second frequency signal converted by and output from the second

frequency conversion section.
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[ 00501 A signal processing apparatus described in
claim8, which is provided so as to solve the
above-nmentioned problens, is a signal processing
apparatus for a Coriolis flowreter in which at |east
one flow tube or a pair of flow tubes which is
included in a neasurenent flow tube is operated by a
drivinfodeQl ce using a vibrator to alternately drive
the at |east one flow tube or the pair of flow tubes,
and a phkdsgadi pfecessengapparatus destt Dred inegileie g, which
proportional to a Coriolis force acting on the at
L gast-o0Ngelil 8¥ AHDEoOEoINE PR ralfdvd Lt 1hesd s bl Bems, is
detected by a pair of velocity sensors or a pair of

: a 1SQr v ; -
L L b PR ERY i 268 4 SRRSO i whten
of flow tubes.is vibrated, to thereb ' RS,
BF ek BUnEHBY SHARPE v BRLE oF aiow uBSh Milich B hcludea
t he signal processing apparatus being characterized by .
LtR& méﬁﬁb‘?—’eﬁef‘-'ﬁe@(féﬁgy‘bﬁe‘a% GPereRedRY & ForviRdSeving using
a frequency based on an input signal frequency of at
heasbraper dfo teid exnatalivodriget thei afh exe §fowypube or
flow rate signals obtained by AAD conversion on two
thpWaixt gpdiowtubée, phaseptatteatidiferenud and/oha vibration
vi bration frequency proportional to the Coriolis force

2cbhieney) phepattlieaal eseaftewibube obrédeapbingodbn the at
flow tubés, Wwhich are detected by the vibration

ISHEE! AL PR B! FRESEALL St o CABEE LELP A adkectea
ngea(.qlil)ea.q(:xyoge \?esluorcei 3? }ée%g%r];rgg%egng c?’f1 acceleration sensors
which are vibration detection sensors 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 £luid to be measured,

the signal processing apparatus being characterized by
including:

a frequency measurement unit for measuring a frequency
basedonan input signal frequencyof at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the quiolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the vibration detection sensors;

a transmitter for transmitting and outputting a desired

frequency signal basedon the frequency measuredby the frequency
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measurenent unit; a first frequency conversion section
for shifting in frequency, to a constant frequency
signal, an input signal frequency obtained by
converting a signal of one velocity sensor of a pair
of the vibration detection sensors into a digital
signal by a first A/D converter and output fromthe
measturéméntconyerter, based on the output frequency
output fromthe transmtter to nove the input signa
frequeacyitrstafiothenclr eguoreyibandecaisecdatr shifting in
frequency conversion section for shifting in
ke ugiey, 6 3 consiank i QepRReY, Fighall, ah ifpit signal
si gnal requency obtai ned by converting a signal of

velQGi. . ' f iqrat;i
GEBLUBhsk Buiinka BRRRly <Ry ldfa PRlhaR of e YeldRucy bensor
ALD converter _and output fromthe. second A/ D _
egnéeP?éF,ogagﬁﬁ Eﬁb¥$E1%ﬁt%%?e?Y%%ﬁe%%?s%ﬁ?pﬂ?t?r%nglgltal
the transmtter to nove the input _signal frequency

{o
aAERRASIDY fa dgudic p/PafEnVarnEes HPAIRYY drocshe first A/D
measur enent section for nmeasuring a phase difference
behweehea, f ibested remuehey witgpval Dhequerey agutphe from the
constant frequency signal, which is converted by and
evhpshitteemtchendvd sthé r eapetcyiganlefviegueseyt itom, another
and a second frequency signal obtained as the

¢onst,antf bapdency signal, which is converted by and
out put f?on1thé second frequency conversion section.
[0051]a3§econd frequency conversion section for shifting in
frequency, to a constant frequency signal, an input signal
frequency obtained by converting a signal of another velocity
sensor of the pair of the vibration detection sensors into a
digital signal by a second A/D converter and output from the
second A/D converter, based on the output frequency output from
the transmitter to move the input signal frequency to another
frequency band; and

a phase difference measurement section for measuring a
phase difference between a first frequency signal obtained as
the constant frequency signal, which is converted by and output
from the first frequency conversion section, and a second
frequency signal obtained as the constant frequency signal,
which is converted by and output from the second frequency
conversion section.

[0051]
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A signal processing apparatus described in claim?9,

which is provided so as to solve the above-nentioned
problens, is a signal processing apparatus according
toclaim5, 6, or 7, <characterized in that the

frequency conversion section includes: a nmultiplier

for multiplying a reference signal cose2 fromthe '

t r ansni istignayprece sping sbpazbpteeNasIrided ha 9igin 9, which
A/ D converter; and a |lowpass filter for filtering an

st prdvsighato o atmesblby tine abdite phentriprmed tgwoblems, is
mul tiplier and output therefrom through a frequency

Lidighal PR ASInPHppar-d Al fdcRWIFIGY ol gnakim §00S2]or 7,
A signal processing apparatus described in claim 10,

%@%ﬁ%ctéf‘igéawﬂ?d S ¢ha S@&%guéﬁe aboygrdEsibRNetkction

eNs, | a signal processing apparatus according

to clgim6, 7, or 8 characterized in that the
lﬂ@gﬁﬁﬁﬁy conversion section includes: a nultiplier
for nultiplgin%_a reference, signal cos62 fromthe

t ransn®t Tt CERTERY | FRT Ml Gl Y BpRuA FiREEIRS §iEal cosez
Al D converter; and a high-pass filter for fiIteringhan

tuoputhei gramnsobttendy ary inputngionplyFRYObyf¥pm the first
mul tiplier and output therefrom through a frequency
Aybt eontrerestrs aahdonly a hi gh-frequency signal. 33

a low-pass filter for filtering an output signal obtained
by the multiplying by the multiplier and output therefrom,
through a frequency filter to extract only a low-frequency
signal.

[0052]

Asignal processing apparatus described inclaim10, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 6, 7, or 8,
characterized in that the frequency conversion section
includes:

a multiplier for multiplying a reference signal cosb2
from the transmitter by an input signal SIN61l from the first
A/D converter; and

ahigh-pass filter for filteringanoutput signal obtained
by the multiplying by the multiplier and output therefrom,
through a frequency filter to extract only a high-frequency

signal.
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[0053] A signal processing apparatus described in
claim1l, which is provided so as to solve the
above-nmentioned problens, is a signal processing

apparatus according to claim8, 9, or 10,

characterized in that: the frequency neasurenent

section includes: a nultiplier connected to the first

A/ D cohQebBer: a lowpass filter connected to the
multiplier; and a transmtter for frequency

measur Bsegnalipcdce ss unappaedt e desedibadoasslaimtldr, which
and i nputs an output signal fromthe |ow pass filter;

i pepruliaphi 86 §9nNPar €617 PHRE Calpdve-BeMsIdnsd ghedblems, is
sine obtained by converting a signal of one of the

BabLgnl1 [frod S ld Abpadaltdd boBoARRE! fo I AP s, 9

di gi?a% [ gna%g'by q h%pgl D conver?er \% t?] a phase of
out put..signal sh output fromthe transmtter for

?E%EUSE8§1 gsﬁpeﬁgﬁp’and outputs a difference signa

and a sumsignal to the subsequent | ow pass filter

the | ohPPaSEcHPPREY TEAZUEPPEDFt SEGFLPT EBEiﬂg_eéh

output signal output fromthe nultiplier through a

frequency fiatmyltind ien raaneehed &P pbwﬁx%@y{gyonverter;

signal; and a phase anmount V of a fundanental output

wavef orm i s adenweimssdfbased amndwddonoftleymeityplier; and

signal output fromthe |ow pass filter and al ways

satisfies a gopehhd®it ©ér \Fe} Breg@ndhyr aBagutrbpentowhich is
frequency neasurenent. [0054] 34

connected to the low-pass filter and inputs an output signal

or 10,

from the low-pass filter;

the multiplier compares a phase of a sensor signal sin®
obtainedby convertingasignal of oneof thepairof thevibration
detection sensors into a digital signal by the A/D converter
with a phase of an output signal cosd output from the transmitter
for frequency measurement and outputs a difference signal and
a sum signal to the subsequent low-pass filter;

the low-pass filter is a circuit for filtering an output
signal output from the multiplier through a frequency filter
to extract only a low-frequency signal; and

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

[0054]
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A signal processing apparatus described in claim12,

which is provided so as to solve the above-nentioned
problens, is a signal processing apparatus according
toclaim8, 9, 10, or 11, characterized by further
including a clock for synchronizing an output of the

first AAD converter and an output of the second A/ D _
conver Ayl B lapreee syiehrpRRatufdeficyiibgd sp ghafimgs2, which
the one of the pair of the vibration detection
senpupyidkdckoi as bat palvér bhet Akove rsenidi nednproblbems, is
and the digital signal of the another of the pair of

thhei yhHI gt e sel e tApparstisohecolidihg t6 eldpwts fognmo, or
the second A/D converter. [00551 A signal processing

ARP AR ﬁsﬂéﬁg £ chkd i'Hch?udi\Q‘IHD& B1okR fY0¥ 88 SQizing
as ve-nenti oned pr obl I

ens, iIs a signa
rocessi n rat ordi t [ ,

BROGESSL ReRRe i el BTAES et AR BBy Ot chibsecona
rforns processin of a discrete Fourj.er, transfor

?\ Tfoavegtﬁas%%%%r%rsm 2f therf)igiftadsgianal of the

Coriolis flowreter described in claim 14, which is .

previrdetihsopradrt efseheevihtatbonedabet bARISPREPY ENEhich 1s

is a Coriolis flowreter in which at | east one flow

bubeutr faopathe fufrsd WDt abevsevherhand theldidgedalnsagnal of

nmeasurenent flow tube is operated by a driving device

dhethe e Pb&ttHe paidldetAatelbratdidn/@et 8€t fbnlseasiors which

one flow tube or the pair of flow tubes, and a phase
%Ef beEpHEe r20H @hed skbBHA! MOH LoRGEeREY . Proporti onal

[0055]

A signal processing apparatus described inclaim13, which
is provided so as to solve the abov;-mentioned problems, is
a signal processing apparatus according to claim 8, 9, 10, 11,
or 12, inwhich the phase measurement sectionperforms processing
of adiscrete Fourier transform (DFT) or a fast Fourier transform
(FFT) .

[0056]

A Coriolis flowmeter described in claim 14, which is
provided so as to solve the above-mentioned problems, is 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 aphasedifference and/oravibration frequency proportional
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to a Coriolis force acting on the at | east one flow

tube or the pair of flow tubes are/is detected by

vel ocity sensors or acceleration sensors which are

vi brati on detection sensors 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
touadCordobésniargeedcting Oortbei atf leambt enebflioy tube or
characterized by including a signal processing

ahpapat usof rcllawlitmfpe saate ¢d s edeye aead Wye velocitiyt sensors or
nmeasuring a frequency based on an input signa

teegueray ioh And SASWh08R 9% FNSryt M:@Hb@@ct@@h@éﬂsﬁfts when
sensors, of two flow rate signals obtained by A/D

39' VL i'eggta&a§ e SO0 %n ;rr $P¢ 108 Ebes is vibrated,

ference t he V|brat| equency

rt| o th Cor i or.ce t|n t

ST PRER e BHot reliuinR e PR asa: tupEcy fluid
are detected by the vibration detectlon sensors; a
tPaRENTEREMTEEr transmitting and outputting a desi r ed
frequency signal based on the frequency neasured b
the fré&heefryiohbadlcemeteruheingacdrasterip@hyyincluding
conversion section for shifting in frequency, to a
aosdgaal bregessdingsagpalratas iapdudingnal frequency
obt ai ned by converting a signal of one velocity sensor

of a pai fr@&uéﬁ@ Vihdd b+ Sfle SEL8CEH DS RREBIUSiNGt 8 Brequency
digital signal gy a first A/D converter and out put

%5%@§JH%£EE bﬂ@#% %??ﬁﬁ?éé%gf%%ﬁégbﬁBﬁe@ﬂéﬁgv1bratlon

_requency ou put smtter to nove

de %%%t%h%h%gnggg uen y 8 %TS&h%éte glgnals obtained by A/D

conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the vibration detection sensors;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measuredby the frequency
measurement unit;

a first frequency conversion section for shifting in
frequency, to a constant frequency signal, an input signal
frequency obtained by converting a signal of one velocity sensor
of a pair of the vibration detection sensors into a digital
signal by a first A/D converter and output from the first A/D
converter, based on the output frequency output from the

transmitter to move the input signal frequency to another
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frequency band; a second frequency conversion section

for shifting in frequency, to a constant frequency

signal, an input signal frequency obtained by

converting a signal of another velocity sensor of the

pair of the vibration detection sensors into a

digital signal by a second A/D converter and out put
freserney d A/D converter, based on the output
frequency output from the transnitter to nove the

I nput si geabnflr égegonencyocanveheionf sequeonyfbandhifibing in
a phase difference neasurenent section for neasuring a

Erasgedichf erence dmismart Fifddisdndy asipicl, sdndhput signal
obtai ned by conversion as the constant frequency

$r@0RlenchbsPa i feQUsP Honvidr @8 éiéﬁél fcffeﬁﬂ%‘ﬂ%r velocity

conversi on section, ‘and a second requency Si gna

QELRLRCALVROBYEL S 0180 06 0 WAk o LB ERRKors snco 2

whi ¢ rom the secon reque
conver ion sectjon, the Si rocessin p aratus
Fravca; ﬁlﬁﬁéi ¥se S%‘F‘P‘?%%*ef%ép g‘ﬁ@ gPFBPt from the
frequency signal obtained by conversion as the
E6RONEM/ B cORYEASP TSI Wd oRht® o P HuedueReyhoti@ut from
first frequency conversion section, and the second
theqﬂeanymitgealt@bﬂnknehebynponvﬁignaﬁ1ﬁrequancy'to another
constant frequency signal, which is output fromthe
seéqn@nhye@ugagyan@pnverS|on section. [Effect of the

I nvention] [0057] 37

a phase difference measurement section for measuring a
phase difference between a first frequency signal obtained by
conversion as the constant frequency signal, which is output
from the first frequency conversion section, and a second
frequency signal obtained by conversion as the constant
frequency signal, which is output from the second frequency
conversion section,

the signal processing apparatus providing the phase
difference between the first frequency signal obtained by
conversion as the constant frequency signal, which is output
from the first frequency conversion section, and the second
frequency signal obtained by conversion as the constant
frequency signal, which is output from the second frequency
conversion section.

[Effect of the Invention]

[0057]
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The measurenment tube of the Coriolis f | owreter has

various shapes. For exanple, there are a curved tube

and a straight tube. There is a type driven in any of

vari ous nodes including a prinmary node and a

secondary node, as a node for driving the neasurenent
tube. [0058] As is well known, the driving frequency

band oBFheimesburement bebeedstthedeniol ubd loymedearhds various
ten Hz to several kHz. For exanple, when the

BERAPEEMERbrt ¢R&MPBe NOtRete sped dubed itaibel bhdt adsthaight
the primary node, the frequency is approximtely 100

Hpehednt Pe P aASUSaR VD en AW BE Pasidds dldaedh@R81uding
vibrated in the prinmary node,” approxi mately 500 Hz

'S
pF B8Ry 504 EE bERnar Y RGle s Wl Yon griving che

Coriolis flo ter by always the same processing over
FW?SPFEHﬁ%ﬁb$QE§hd of several ten Hz to several kHz

in a single floweter converter. Therefore, it is
necessdP§58ﬂo separately design several types. [0059]
According to the signal processing nethod in the

presen®is iisveeiiloknowne tbsedriyingr §beauengy band obtained
descri bed above may be renoved by advant ageous signa

Freee $hen heb@aseeémentan ubedast skiveatiloneal gar tbhsevévah kHz.
in the case of the change in tenperature of the fluid

FObexaRPI, edhehhEh8i nd guPdmeht RURbhASing @ vt BBaped tube
rapi d change of the fluid to be neasured fromthe gas

%% 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
measurement of the Coriolis flowmeter by always the same
processing over the frequency band of several ten Hz to several
kHz ina single flowmeter converter. Therefore, it isnecessary
to separately design several types.

[0059]

According to the signal processing method in the present
invention, the essential problems as described above may be
removed by advantageous signal processing based on an
identification algorithm. Even in the case of the change in
temperature of the fluid tobe measured, themixingof air bubbles,

or the rapid change of the fluid to be measured from the gas
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to the liquid, the neasurenent may be al ways perfornmed

Wi th constant precision. The phase neasurenent wth

high filtering perfornmance is advantageous, and hence

hi gh performance may be provided. [0060] According

to the signal processing apparatus in the present

i nvention, even when the tenperature of the fluid to

be Maasmuqdldhangesmeesgnemhsh way bebaleayarperfeemed with
into the fluid to be nmeasured, or even when the fluid
tonbeaneaste€lsidapi dihe phasl@mafsmrenmg;asitlm hdgh filtering
liquid, the neasurenent nay be always perforned with

%@B%b%ﬁbn@éeﬁbsh@ﬁan@ﬁ%ebﬁ@ pAAgeheABASHI §REPérPbiHance may
igh filtering perfornmance may be realized wth a

%gagg comRUt i ng processing anmount. [0061] According
to &iiofi's f lowneter in the present invention,

even mﬂggsége temperature of the fluid to be neasured
change en when air bubbles are mxed into the
fluid to be neasured, or, even when the fluid to be
neasuré&cPEGFBHyt&héﬂﬁ%ss%g%ﬂ4apr88§sﬁén§ PRRGTatUsheln the
measur enent may be al ways performed with constant
presesitoAnvantiohe pvesevhenditerenpayatinyg @f the fluid to
filtering performance may be realized with a small
bemuaasugedpeloaesges N whien pBriledblikes rays mixedf into the
the Drawi ngs] [0062] [FIG 1] A block diagram
ichhugt k3t bedmaaBli-ael, Pbe efed whB8n the fluid to be measured
rapidly changes from a gas to a liquid, the 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.

[0061]

According toaCoriolis flowmeter 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 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.

[Brief Description of the Drawings]

[0062]

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

invention. [FIG 2] Ablock diagramillustrating a

specific structure of the signal processing apparatus

illustrated in FIG 1. [FIG 3] Ablock diagram

illustrating a specific structure of the signa

processing apparatus illustrated in FIG 2 using a _

ségual auemres g appanetws eccpridngsio pheipagsent invention.

illustrating an output signal from an LPF illustrated

in Fl GIF3G. 2| K016tk Al idigagaaii 1hs tosd tr g agreT idiitqpet ructure

signal from .an A/D converter illustrated in FIG 3.

bFl hebkigndiagiapeikitgt bpphRatas @uladtrsteaakinf Fom. 1.

atransmitter i1llustrated 1n FIG 3. [FIG 7] A

di agr angik-kl ust ' I ol [ i
TeiG! UStABhLeg ﬁ%gﬁrlétnpﬁléé | h’léf?‘a tpeég’ilf.tlooé

of a frequency conversi sectl on n F

3. [FIG. 8] ;A diagramillustratin n_out put. si .
POt BigmAIoRheRes S toR AR AR L A s YRS PR3, 2 using
FIG 3. [FIGS. 9] D agrans illustrating time charts
pofeedefopuware €08tradt BRENBA t he signal processing
apparatus illustrated in FIG 3. [FIG 10] An

oper at i[(BAG #] ofv dhagramoilinetspbengian QuEpetuptdpgl from
the signal processing apparatus illustrated in FIG

an LPFGillhptAakbkedchinsFraet @ral diagramillustrating

the frequency conversion section of the signa

procesgrng. appanaliysgrd4@ illustrating an output signal from

flhcture
I G

an A/D converter illustrated in FIG. 3.

[FIG. 6] A diagram illustrating an output signal from
a transmitter illustrated in FIG. 3.

[FIG. 7] A diagram illustrating an output signal in a
multiplier of a frequency conversion section illustrated in
FIG. 3.

[FIG. 8] A diagram illustrating an output signal from
the frequency conversion section illustrated in FIG. 3.

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

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

[FIG. 11] A block structural diagram illustrating the

frequency conversion section of the signal processing apparatus
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illustrated in FIG 3. [FIG 12] A block structura
diagramillustrating a frequency neasurenent section

of the signal processing apparatus illustrated in

FIG 3. [FIG 13] A structural diagramillustrating a
general Coriolis flowreter to which the present

invention is applied. [FIG 14] A block structural
dildgs&emaitedudty FTGng3a Coriolis fl owreter converter of

the Coriolis floweter illustrated in FIG 13. [FIG

15] A hFock diagrmnblotkisetatichgralplidsgremasilrlangitating a
nmet hod using Fourier transformfor the Coriolis

fFlrawiehel, rea¥erEMent!|ssdtaded din khe &4gnkfl Grdédssing

A bl'ock diagramillustrating a phase neasurenent

[ L4l t the Coriolis f | t
ABROZACR TLLDGEE RS R FIRY 3T PG 1% A block

di agra 'IIu%aéin a_phas asurerremé?% usi
band-pgggc;f‘ii ir ?g’r’uf"ﬁgre:grigg?%a?‘l 65'] Fgg;bggg &' §€neral
converter illustrated in FIG 14. [Mdes for Car r,;gi ng lied
Seriphds| fLewnebRY t¢ oS FhejRrefeRb dtMe i Ghes arpLied.
present invention to be able to always perform _
nmeasur dF86t \li4lh Zobdoakt spructyrad, dieguad i Felupheaelng a
measurenent with high filtering performnce, and to be
a@hiré otld sr edlleemateonpeibnngrpencessi npeancontioflasanf lowmeter
extrenely snmall anpunt. Even when a tenperature of a
fihvhdthacha mRagueed 134l

[FIG. 15] Ablockdiagramillustrating a phase measurement
method using Fourier transform for the Coriolis flowmeter
converter illustrated in FIG. 14.

[FIG. 16] Ablockdiagramillustrating a phase measurement
method using notch filters for the Coriolis flowmeter converter
illustrated in FIG. 14.

[FIG. 17] Ablockdiagramillustrating a phase measurement
method using band-pass filters for the Coriolis flowmeter
converter illustrated in FIG. 14.

[Modes for Carrying out the Invention]

[0063]

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 fluid to be measured
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changes, even when air bubbles are m xed into the

fluid to be neasured, or even when the fluid to be
nmeasured rapidly changes froma gas to a liquid, the

obj ect may be realized. [Enbodinment 11 [0064]

Herei nafter, Enbodinment 1 of a node for carring out

the present invention is described wth reference_to
€h&sges, aenken XheE @irlbubbies| atk ehef dmtd thet £avidgto be
a principle of a signal processing nethod and

Apasnatds Aceoedi wiger ahehfl pi@senbe neanmmadnapktily changes
is a detailed circuit block diagram illustrating a
f?@ﬁl£lgaétﬁacaunﬁqe&dthEhélsnﬁéc@r@agssengeaameaaatus
ilTustrated in FIG" 1. FIG 1 is the block diagram

[ atipg,the principle of the signal processing
ﬁékﬁééﬁgﬁéga% aratus according to the present

inventign. Ln FIG 1, when neasurenent tubes 2 and 3

are vi bP3pd by a vibrator (for exanple,

el ectromagnetic oscillator) 6, vibrat'o% vel ocities

gener algBei RAERET meERRR SHRFRE tluREsA AR ToF §pEring out the
detected by a vibration detection sensor (for exanple,
peksentyiswesbionriacteseriedvigdhgeferepmeerhe FIGS. 1 and
detected vibration velocities are conputed and

pr.ocessed by a vibration velocity signal conputing

devi ce 80. The vibration detection sensor 70

correspendsit 9st feph8ék dehgehhyisensOratinfdatPeinciple of
right velocity sensor 8 of FIG 13. 42

asignal processingmethod and apparatus according tothe present
invention. FIG. 2 is a detailed circuit block diagram
illustrating a specific structure of the signal processing
apparatus illustrated in FIG. 1.

FIG. 1 is the block 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 (for example, electromagnetic oscillator) 6,
vibration velocities generated in the measurement tubes 2 and
3 are detected by a vibration detection sensor (for example,
velocity sensor or acceleration sensor) 70. The detected
vibration velocities are computed and processed by a vibration
velocity signal computing device 80. The vibration detection
sensor 70 corresponds to the left velocity sensor 7 and the

right velocity sensor 8 of FIG. 13.

42



[0065] The vibration velocity signal conputing device

80 includes a frequency conversion section 85, a
transmtter 90, and a phase difference neasurenent

section 95. The frequency conversion section 85

perfornms frequency conversion on the vibration

vel ocities which are generated in the neasurenent

tubes 208R813 and detected by the vibration detection
sensor 70 when the neasurenent tubes 2 and 3 are

Vi br at etekni iz ivurbrell i by s fgsahpamphitangidesrice 80 includes
transmtter 90 is input to the frequency conversion

feEtd Qe RSy cORBrs3baNsd St 11 abnedt BinkneEHERN, and a phase
conversion by the frequency conversion section '85 are

'dﬁ@‘f?egtggctehﬁxe%%%%m%ftf% LQRG8n @Basurenent section 95

provi I'n a subsequent 'stage of the frequency
conversion_section 85. hase ffer nce
neasurihsnfrsge?vsx SonYeRe Bt ot Ch AToPEF SRTBR freauency
respective éhé and left velocity signals detected

FPIVIEE SJOBr R ot VdSTAGliBh VELRSHF19E TRLFR axsg gepeyated in
sensor 7 and right velocity sensor 8), to thereby

rhef oemstirgmealt tulvesr i gndpBoeedsdngectaﬂdbvhéhe vibration
obtai ns a phase difference between the two velocity

slegealtd on] @RoEor M0 tWiersitdralmgraosnsnty tetdod aamid 3 are
apparatus illustrated in FIG 1, the input signals

@rl%r%l&@degyeéhé Griten 52 GUENRYs 1 §RAY O Fr It HeO teaRBMAk ter 90
the frequencies after the frequency conversion to

NS VR U8R FRRdUEhR PRATE FRABY STRRY oS 843

Then, signals obtained by frequency conversion by the
frequency conversionsection 85 are input tothe phase difference
measurement section 95 provided in a subsequent stage of the
frequency conversion section 85. The phase difference
measurement section 95 performs A/D conversion on respective
right and left velocity signals detected by the vibration
detection sensor 70 (left velocity sensor 7 and right velocity
sensor 8), to thereby perform digital conversion processing,
and then obtains a phase difference between the two velocity
signals. |

[0066]

In the signal processing method and apparatus illustrated
in FIG. 1, the input signals are subjected to the frequency
conversion to control the frequencies after the frequency

conversion to constant values, and the phase measurement is
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performed after the frequency conversion. Therefore, a
filter processing apparatus capable of perform ng

hi gh- speed, constant, and hi gh-precision phase

measur enent even when the frequencies of the input

signals change is realized. That is, in the signa
processing nethod and the apparatus 80 as illustrated,
PerEpcmed af i ther BeREIRNES CPRANeEFipRe sThpweEore, a filter
output fromthe vibration detection sensor 70 and an

purbpes s ihgeqprenat yscapal heof pexsoinmiag iarspeed, constant,
mul tipliedby the frequency conversion section 85 to

add KDgh spbé¢ B€idn phase wlkidserenees evehn Wieéh thefrequencies
signals, and the transmtter 90 is controlled so that

bl theequgne %&gﬁfatl%r c'hgﬁg;;ar gguepgy jseaversion are

constant,” so as$ to contrdl the frequencies input to

t he ph neasur nt . [ . t L\

Lo theR BBy Tor LB mho it prSlsEa e iR g 28 i aracus
signaLi after the frequency conversion. . %8%?7% %ﬁfn .
30cHF 41LEREERERE ST Lifpiioy LBUE SRENRPCLEFICHLRE T pionals
error-free, and h[gh-speed conputation may be realized
wuthogt Lrpmothei WgbyatargedrtirBEions sepppEr 40 and an output
corresponding to input frequencies and performng any
Coepluenatyetk pf bhessiangmdiidleress) acdandcnglokddpy the frequency
computi ng net hod. [Expression 1] Fc=FX+FI N (or

orldrElibh 6&Ftibl068]tdldad Add lsuptiralces phasep@iffeences
structure of the signal processing apparatus

el yethatRd Lighd{s, land4he transmitter 90 is controlled so
that the frequencies after the frequency conversionare constant,
so as to control the frequencies input to the phase measurement
section 95 to a constant value, to thereby perform the phase
measurement basedon the signals after the frequency conversion.

[0067]

Whensuchastructure isemployed, constant, substantially
error-free, and high-speed computation may be realized without
providing a iarge number of filters corresponding to input
frequencies and performing any complicated processing such as
changing of a computing method.

[Expression 1]

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

[0068]

FIG. 2 illustrates the specific structure of the signal

processing apparatus illustrated in FIG. 1.

44




In FIG 2, a left pick-off (LPO 7 (corresponding to

left wvelocity sensor 7) is connected to a | ow pass

filter 30. That s, during vibration using the

vi brator (for exanple, electromagnetic oscillator) 6,

when a detection signal of a vibration velocity
(outlet-side velocity signal) which is generated on

the | efn BIGe 2of atief thpdckr e FENtLRQUDLEs(orpRBOoNding to left
detected by the velocity sensor (vibration detection
seisai)ry SehscatBd isncameatééttsadbowfpas$é filitert 30be That
nmeasured, the detect ion signal of the vibration
‘i%',OCiih)tiﬁQUHrﬂ)ré'i:ﬂ@nVQi@ﬁigf Y tHegN@&librait®ri NPBbrt Oexample,
the I owpass filter 30. The lowpass filter 30 is a

%h%%%&%ﬁ%%?ﬁ%&%r@%Ehﬁ?g EgsoﬁghwhénféeQHFQEYiBhlE§§nal of a

only a requency t velocity signa

outlet-side vel.qcity signal).fromthe.left .vel qGitwy. . .
YRR aE Tobo e dietolt B3t ohar Pos kT p e PR (fion is
| eft velocity _sensaor? detecting the vibration
JERGERLedgSRethtedesl £hEel oft thej geagprepgnt tubes 2 and 3
measurenment tubes 2 and 3 in the case where the
saderented byues velaadts sansan by hbsat bonidetadgtson sensor)
6. [0069] The lowpass filter 30 is connected to an
Al caredeoh an outlle tTéiedd\d Dadidniet t @be fkacureer, tshe ietection
| eft velocity signal (outlet-side velocity signal)

WhigtR 11 Sf e *iB1€i sh dRAlocAthPubut feonside Vedwdiasssignal)
filter 30 into a digital signal. The left wvelocity

5098, c0Ul] eheShi yeliacity cshongl ) obtained as the

igital signal byt D converter 31 is input to a

signal Th%rl%qﬂe-spsaisnsgf SPPEL gtoliss a:.LQQrmAi?t forextracting, through

a frequency filter, only a low-frequency left velocity signal
(outlet-side velocity signal) from the left velocity signal
(outlet-side velocity signal) output from 'the left velocity
sensor 7 detecting the vibration velocity generated on the left
side of the measurement tubes 2 and 3 in the case where the
measurement tubes 2 and 3 are vibrated by the vibrator 6.

[0069]

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

processing apparatus 100.

45




Further, the signal processing apparatus 100 is

connected to the A/D converter 31. The signa

processi ng apparatus 100 frequency-converts the input
signal (outlet-side velocity signal) into a desired
frequency processed by a phase neasurenent unit

| ocated in a subsequent stage and perforns the phase

measur Exehheyt ttde £hendl prosespiograrpatakis 8045 ¢ennected
shift the input frequency band and realize stable

pbaske A4S Weetverter BA070Thérs idrea biphercelssishg appayghtus 100
pi ck-off (RPO 8 (corresponding to right velocity
$28gAEnd) -koncerRectat t ongut owipass fiddtdret Ihdelhaélocity
I's, during vibration using the vibrator (for exanple,

%?.%gaﬁ? %& hEs93El éxt%iaq'{(élnr??e%m Sedigl adHMe ﬁé&l&fﬁrement

a Vi I on vel oci -side velocity signa

whi.ch .i s erated on . the rig id f

HeEl Akt i E oo MRab JoepkIgb ey B Pilitomy b phase
sensor (vibration detection sensor%ﬁ 8, | ocat ed an ag. t th
MEREUTSMEBtORE ERE WL AYSREYnERR(FEROTnEC B8RPG AT the
signal of the vibration velocity (inlet-side velocity
dingugl Ereguemsyt bead: had swagags Stpbde phasghaeasurement.
| owpass filter 34 is a circuit for extracting,

t hrougtiooaofirequency filter, only a | owfrequency

right velocity signal (inlet-side velocity signal)

fromt be ¥hOBEh¥elRGid,Ya Hightl pidlk Nt (RPO¢ &/ ¢toetéyponding
signal) output fromthe right velocity sensor 8

45 RILERLNEG 1N 1] 06| b gepeseleg £ioipage cunces
(éaste hﬁﬂ%{: %rga? %Prg}_%g}é.rberqftqor} Hg fﬁg%:haengiﬁrg{:grv(i fyxaéﬁgmple ,
electromagnetic oscillator) 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 velocity sensor (vibration detection sensor)
8 located on an inlet side of the fluid to be measured, the
detection signal of the vibrationvelocity (inlet-side velocity
signal) is input to the low-pass filter 34.

The low-pass filter 34 isacircuit for extracting, through
a frequency filter, only a low-frequency right velocity signal
(inlet-side velocity signal) from the right velocity signal
(inlet-side velocity signal) output from the right velocity
sensor 8 detecting the vibration velocity generated on the right

side of the measurement tubes 2 and 3 in the case where the

measurement tubes 2 and 3 are vibrated by the vibrator 6.
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[0071] The lowpass filter 34 is connected to an A/D
converter 35. The A/D converter 35 converts the right
velocity signal (inlet-side velocity signal) which is
t he anal og signal output fromthe |ow pass filter 34
into a digital signal. Further, the signal processing
apparatus 100 is connected to the A/D converter 35.
The si d@@rlprocessi ng apparatus 100

frequency-converts the input signal (inlet-side

vel oci e So@rphssiMilter dasikedoinequedyo pmoa¢bsednverter
by the phase neasurenent unit |located in the

sehseayent /5t Aer &tk Py QIdifreritie thldasegRRAGHIBEREY signal
after the frequency conversion, so as to shift the

[ fr I ' i :

(AR IREPEYRO00Y ST EEn SRS SRSy sigmat gqueput
to a equency_conyersio sectiaon 11Q. The.frequen
3o E bR ShR P Bt T1E° 2 Moot CaRFSAs SRR o T EheT.
signal of the left velocity signal (outlet-sidg

¥R Silopadi BERCESiPguRPPRERLIRe LAP DI ScERPBRFERI 3O aRe A/D
then input thereto, into the desired frequency

goovessed by3%he phiEte neiagopéneProfeissingcataRPaypriye 100
subsequent stage. Further, the A/D converter 35 is

forigehnes -conveirtequeney inpaty es sgnal s ednlet -Bifle Thelocity
frequency conversion section 140 frequency-converts

hendhgi t fhtSi ghadePfrdde tiregllbntl @tddessEdNBY the phase
(inlet-side velocity signal) output fromthe AAD 47
measurement unit located in the subsequent stage and performs
the phase measurement after the frequency conversion, so as
to shift the input frequency band and realize stable phase
measurement.

[0072]

The A/D converter 31 is connected to a frequency conversion
section 110. The frequency conversion section 110
frequency-converts the digital signal of the left velocity
signal (outlet-side velocity signal) output from the A/D
converter 31 and then input thereto, into the desired frequency
processedby the phase measurement unit located in the subsequent
stage.

Further, the A/D converter 35 is connected to a frequency
conversion section 140. The frequency conversion section 140
frequency-converts the digital signal of the right velocity

signal (inlet-side velocity signal) output from the A/D
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converter 35 and then input thereto, into the desired
frequency in the sane nmanner as descri bed above.
[0073] Further, a signal froma transmtter 120 is
input to the frequency conversion section 110. \Wen
the signal output from the transmtter 120 is input
to the frequency conversion section 110, the
coayeatey o shem iawnt bhenate | Aagoehay desrived §requency
the input signal (outlet-side velocity signal) input
fino tohieh @amlee fianmieak asf HegcPped bhose .on the signa
output fromthe transmtter 120. A signal obtained by
frequerney7ggnversion by the frequency conversion
section 110 is converted into a desired frequency

si gnal [F%g?%]@ron t{%ﬂ&‘lt RY¥omSh H¥nd e d:h8 2lor 28STHGUE ko the

120. Furt a S|gnal fromthe transmtter

I
FRRh it PahP Bttt S ENEn RS SR SRR £rom
IS input to the fre uenc conver |on section 140, th
PSRRI LR 130 éee%ﬁ:&ﬁ Y rﬁagaasxap%vmqrgsectlon

the input signal (inlet-side velocity nal ) input

flA¢m Fﬁé ErgAuepFy kCOIYer My S aidasy 16.‘? gﬁquﬁgﬁzrconverts
output fromthe transmtter 120. A signal obtained by
fuheqiepuy sbyval sjout et tdicld vedoenty stonakl sinput from the
section 140 is converted into a desired frequency

Siegralp asesk oN(LH®) owt Bubedi phalthier amdri towsmg tfeom the

120. [0075] 48
transmitter 120.

A signal obtained by frequency conversion by the frequency
conversion section 110 is converted into a desired frequency
signal based on the output signal from the transmitter 120.

[0074]

Further, a signal from the transmitter 120 is also input
to the frequency conversion section 140. When the signal output
from the transmitter 120 is input to the frequency conversion
section 140, the frequency conversion section 140
frequency-converts the input signal (inlet-side velocity
signal) input from the right pick-off (RPO) 8 based on the signal
output from the transmitter 120.

A signal obtained by frequency conversionby the frequency
conversion section 140 is converted into a desired frequency

signal based on the output signal from the transmitter 120.

[0075]
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When the transmtter 120 is controlled as descri bed

above, as in the case of the frequency conversion

section 110, also in the frequency conversion section

140, the frequency obtained after performng the
frequency conversion, of the right velocity signa
(inlet-side velocity signal) input fromthe A/ D

conver Woen 3% tvanomi toet 880tie eonesdt bed psalpagicipadabove,
be processed by a phase difference neasurenent unit
230ihotheechsa &f tisdpeenienct agaveraiet secthen 110, also
out put frequency output fromthe transmtter 120.

(90 £rihgeheltcoplasd ion sbaRabn(y | ehe HrdRnieel8ebbYained

signal) which’is output fromthe A/D converter 31 and

[ : et | | :
st attid PRSI SRR R chE ki petocity
phase _dj fference. neasurgenent unit, 13 0 f

5 abe 1ol 1 R SR EaLr b LI R B B/ gonyerter
enpl oyed, according to_this _enbodi nent, the input
BhedSeReREEOLLeft to et Re3ired SRATUGREY Liyhe PEPGepFFd by a
signal) are sinultaneously converted into the desired
bhegeedi ffpaatse Mmswrenent ardt WAenlegrte@pigt a subsequent
frequencies (left velocity signal and right velocity
Sit@@l, ) basddbae;hd batphs e emprsucyerenpup froassiegransmitter
frequency is always set to a constant value to

giogni ficantly reduce the nunber of filter tables. In

addi tion, the phase neasurenent processing may be

nor e eﬁ%%g%hyely performed. According to an effect of
the present “i nvention, constant, 49

The left velocity signal (outlet-side velocity signal)
which is output from the A/D converter 31 and input to the
frequency conversion section 110 is simultaneously
frequency-converted and input to the phase difference
measurement unit 130 to perform phase difference measurement.

When such a structure is employed, according to this
embodiment, the input frequencies (left velocity signal and
right velocity signal) are simultaneously converted into the
desired frequency bands. Therefore, even when the input
frequencies (left velocity signal and right velocity signal)
change, the phase measurement processing frequency is always
set to a constant value to significantly reduce the number of
filter tables. In addition, the phase measurement processing
may be more effectively performed.

According toaneffect of the present invention, constant,
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substantially error-free, and hi gh-speed conputation

may be realized without providing a | arge nunber of
filters corresponding to input frequencies and

perform ng any conplicated processing such as the

change of the conputing nethod. Needless to say, the
processi ng of the phase neasurenment section may be
cubbtangialén axray-frapschrefehighr fepedr apupBEaT {pRTyaY be
or a fast Fourier transform (FFT). [00771 A clock
seghakeds whphoutr opravitiong 180 iargée Wumbennveftefilters
31 and the A/ D converter 35. The clock 150

eyreBEPBhAesgt heo digphal sregakneietheahef tpyeftoeming any
signal output fromthe A/D converter 31 and the

fg.rbglh]ﬁ.?kgikg'gyoc@‘ sdify $LONE s R dgSbFRRk cAMPUUing method.

converter 35 to realize sinmultaneous

a ing.. The frequen nyer i ' ;
NP aRasPlisg Soyp0 T RESYRAEDIIPT Ak REELE Hbahberlep® section
unit_ 130, the frequenc conversi on secti,on 140, and

PRY BF o2 4Rt S S BFtECR | 91 19 L FGIH: &g beabsfrgm (DFT)
apparatus 100. [00781 The respective input signals

ereft fastofouyisirghapngferm (FRT) vel ocity signal)

which are the digital signals obtained by conversion

by the[AbD7¢onverters 31 and 35 as descri bed above

are subjected to the frequency conversion by the

frequeA@lockOVE S €8 iSRRIt BRsm 3 £Q caidl slotfo hared meonverter
the output signal from the transmtter 120. 50

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

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

[0078]

The respective input signals (left velocity signal and
right velocity signal) which are the digital signals obtained
by conversion by the A/D converters 31 and 35 as described above
are subjected to the frequency conversion by the frequency

conversion sections 110 and 140 based on the output signal from

the transmitter 120.
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[0079) Next, a specific conputing nmethod of phase

di fference neasurenent conputation in the signa

processi ng apparatus 100 illustrated in FIG 2 is

descri bed. Wen the neasurenent tubes 2 and 3 are

vibrated by the vibrator 6 of a Coriolis floweter 1,

the output signals (left velocity signal and right

vel oci tlp0gidgnal ) fromthe vibration detection sensor

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

t he nmememtemantpeohéic2canguBiagemebhadnefl psasapdifference
signals of the LPO (left pick-off 7) and the RPO

ea@hitrchietlt- @bhpuBa t 86n i t5é I3l 1l Pro&té&s s 2ng lapgdtiatus 100
case, the |nput signals of the LPO and the RPO are

Qq&bg§%8§§d[ %W% (394 pg%%%ﬁgbggerence bet ween LPO

pressi on pICk of f S|n(e) (2)
[ Expre

The ou Iongﬁgng?gs?FSW?nge?%%?ty S|gn§ %%%O Vak %gQthPy the

velocity signal RPO _fromthe two V|brat|on detect 190 qeft
YERIBLST B12% S%kow Floime e 1ni GRE QT ELLFLIER S (18
are converted from the analog signals into the
wiediocdltyssggnad dyd tHaht pedomisyt @ignall fxam ghe vibration
t hrough the | ow pass filters 30 and 34 provided in

idee ecui\vey tsmnsefr the QorfitolpiscK4mife? eand, right pick-off 8)
respectively, and 51

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

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

[Expression 2]

Right pick-off: sin(6) (2)
[Expression 3]

Left pick-off: sin(6+0¢) (3)

[0080]

The output signals (left velocity signal LPO and right
velocity signal RPO) from the two vibration detection 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
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then transferred to the signal processing apparatus

100. As descri bed above, the signal processing

apparatus 100 is divided into four blocks including

t he frequency conversion section 110, the transmtter

120, the phase difference nmeasurenent section 130,

and the frequency conversion section 140. A phase
gheneteanefperebeiot RBeogipnalsPyrRaPSEPRSf ABRPEREUS 100.

| eft pick-off 7 and the output signal RPO fromthe

ri ght pecitesdfibdd iaboenpthedsigmal troTesmivng apgaratys 100
a flowrate signal based on the frequencies out put

oM ¢ e d iBtat fOr Wldtd ¥ne@080hg tlend reegipakgt tbwversion
data detected by a tenperature sensor 9. Note that the

LerRebat Ui o Meaiy epelhshithel des6! i ket bRakBe difference

draw ng. [0081]  The conversion frequency output from
c rs{ o e y

bR SR e AR D) "SR ks hekitbaed BB ¥pRToVect on
output_fromthe transmtter 120 to (or fro | ORut

S el A e ALs L 6L BATpe T EBE S e S0 HbaT g Rom the
velocity signal (outlet-side velocity signal) which is
defsmick 3§ Randthe putiust $ignat RPPA 1M EPe iy pigk-off
and extracted as a | owfrequency signal by the

Bois paEptidd, eand8thérs conveeteddinne @ fhewdigfie glignal based

signal by the A/D converter 31. As described above,

Wit Bhé esReglien@iddutRit! febiinghe Vilagitdrey vellbel tiyssensors
out put fromthe frequency conversion section 110 and

iaﬁﬁmteﬁ%e%%u%aa%tgeﬁ§%éﬁ%@t boeal kehpt38rurBe skl 9.
signal frequency O which is the’l owfrequency |eft

vel oci E\I%tesghat the temperature measurement is not described
in the drawing.

[0081]

The conversion frequency output from the frequency
conversion section 110 is obtained by adding (or subtracting)
an output frequency 6Xn output from the transmitter 120 to (or
from) an input signal frequency 6 output in a case where the
left velocity signal (outlet-side velocity signal) which is
detected by the left pick-off (left velocity sensor) 7 and
extracted as a low-frequency signal by the low-pass filter 30
is converted into the digital signal by the A/D converter 31.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section

110 and input to the phase measurement section 130, the input

signal frequency 6 which is the low-frequency left velocity
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signal (outlet-side velocity signal) of the digital

signal output fromthe A/D converter 31 is shifted in
frequency to another frequency band based on the

out put frequency eXn output fromthe transmtter 120

in the frequency conversion section 110. [0082]

Therefore, the signal which is shifted in frequency '
Signadut (st URE tshidle rvesirsiidy ocvrana )i orf selee i @hgi1tal signal
and the signal which is shifted in frequency and

outtputt fyomhéher agDeconverarvreBdi e shiéfted iAOfheguegcy to
the sane processing are subjected to the phase

GlotWedt £ BEqhYNEP S aPIIELs 88 INERERIUL RACE+68§udB8y 6Xn output
[0083] A frequency neasurenent val ue (e+eXn) out put

fen QM EIBI% tftéﬁQH§E€¥r$P§We{r§i% $eeluhcllBohSersion section

controlled so as to finally becone a phase
qﬁgpurenent frequency set value eC which is
arbi'trarily set. [Expression 4] eC=e+eXn (4) Wen the
transmtter 120 is controlled so that the frequency
measur 098 1val ue (e+eXn) input to the phase

nmeasur enent section 130 al ways becones the constant

frequefbpredorgs Hogcyiderll atbvvd iRi ghifpeddin frequency and
processi ng of subsequent phase neasurenent may be
aciiparetly 06 8equrey cenversyonoaecblionet hodnd the signal
according to the present 53

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

[0083]

A frequency measurement value (6+6Xn) output from the
frequency conversion section 110 is controlled so as to finally
become a phase measurement frequency set value 6C which is
arbitrarily set.

[Expression 4]
0C=06+6Xn  (4)

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

[0084]

The frequency control method according to the present
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i nvention includes a nethod for adjusting the

frequency of the transmtter 120 so that the out put
frequencies of the frequency conversion sections (110

and 140) all beconme equal to Cc in the condition of
Expression (4) , that is, a feed-forward contro

nmet hod. Hereinafter, the signal processing nethod and
ttheesigral inpledes s mgthpgafer adjastdnd hpetfraquency of the
enbodi nent of the present invention are descri bed.
ErGnstitkkeusiz@sestlaats phei duttpst furequeacdkstdif thiegfréquency
processing apparatus illustrated in FIG 2 using the

teadefraiwar dee@dbhsl (MRbhada I@@)swmabeemeeé%hay to 6¢c in
apparatus 100 illustrated in FIG 3 perforns desired

ERBOHSEIEN dlcé}{léﬁ?rﬂp%s%qotrp F4 & ,nP,E%tsi Inals o fy 8lar PEGnt rol
outlet-side velocrty signals) and perforns phase
gggggéenent after the frequency conversion, and hence

phase nmeasurenent may be achi eved w t hout

taki ng input frequency _bands into account, [008 In,
FI G 3Hergénafbetoriis F4AT81 REOGRTFTERT @&WBaang tne' figna1

frequency neasurenment unit 160. The frequency
prasgseipgtappitatisdacrerdingsta hheiathadigiggiapt the present
frequency 8 (measurenment frequency 0) which is the
dngehalion gel deliceibiesl.obt ai ned by conversion by the

A/ D converter 31 and output therefrom Further, the

A D copyerteri3duksraeeBest sgetoribestragt@PeYof the signal
conversion section 140. The frequency conversion
i?%%%%@i%%o agéaratus illustrated in FIG. 2 wusing the
feed-forward control method.

The signal processing apparatus 100 illustrated in FIG.
3 performs desired frequency conversion on the input signals
(inlet- and outlet-side velocity signals) and performs phase
measurement after the frequency conversion, and hence stable
phase measurement may be achievedwithout taking input frequency
bands into account.

[0085]

InFIG. 3, the A/D converter 31 is connected to a frequency
measurement unit 160. The frequency measurement unit 160
measures the input signal frequency © (measurement frequency
0) which is the digital signal which is obtained by conversion
by the A/D converter 31 and output therefrom.

Further, theA/Dconverter 35 is connected to the frequency

conversion section 140. The frequency conversion section 140
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performs frequency conversion on the digital signal of

the right velocity signal (inlet-side velocity

signal) output fromthe A/ D converter 35 and then

i nput thereto. The frequency neasurenent unit 160 is
connected to the transmtter 120. The transmtter 120

has the transm ssion frequency eC which is
pebferasiisegmncyraenyenaten o5 the dipégadichonad 5 theeright
phase nmeasurenent frequency set value. In the

tredosiicyt eigdaD, (imke phaisde medsariane stighedquentpusefrom the
value GC is conpared with the neasurenent frequency e

and thavkieawensyanaXenhear iappendhegete.the difference
i's output [ Expression 5] exn=ec-e (or eXn=eC+e) (5)

That ??ﬁé??ég&% Smé%@&%@méﬂé”ﬁﬁfﬁaﬂdbaﬁ§”b5hﬁéc%ag to the

[ 0086] y nmeasur enent val ue a neasured

{ t
EPARGILECSF 1250 BHEn EARSUIgTAY MAsdBi e néra%ﬁse%l sion
BFaneyoroG oot eho | 5o RN E TG PREquerllF sF AT osion

exXn is transmtted based on Expression (5) and output
freaueneyt @ @risnthearhasd meg surementefuedesney it ypone .  In
section 110 and the frequency conversion section 140.
kthes87fanSnit ter 1120 ,t hbe imasy meaputesgnentyequeanpty set value
fromthe frequency conversion section 110 is obtained
by ldbmfat88 wieh the measurement £requency 6 and the frequency
0Xn corresponding to the difference is output.
[Expression 5]
PXn=0C-6 (or 6Xn=0C+0) (5)
That is, cos(6Xn) is output from the transmitter 120.

(00861

The frequency measurement value 6 measured by the
frequency measurement unit 160 is output to the transmitter
120. When the signal frequency 6 measured by the frequency
measurement unit 160 is input to the transmitter 120, the
predetermined frequency signal 6Xn is transmitted based on
Expression (5) and output from the transmitter 120 to the
frequency conversion section 110 and the frequency conversion
section 140.

[0087]

Similarly, the conversion frequency output from the

frequency conversion section 110 is obtained by adding (or
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subtracting) an output frequency eXn output fromthe
transmtter 120 to (or from an input signa

frequency 9 output in a case where the left velocity
signal (outlet-side velocity signal) which is

detected by the left pick-off (left velocity sensor)

7 and extracted as a | owfrequency signal by the
suRtpassing) reyouput §reaneary X eiePehErghdgihefransmitter
signal by the A/D converter 31. Further, the

gaaveosiom ﬂ‘rce@uam;inputtpaigﬁabnfrére.xem}ecﬁmm)put in a case
conversion section 140 is obtained by adding (or

qHblreaghéNDe f AvaLEPilly fsilprRlenentesn - @uaeut-enbeﬁrty heignal)
transn1tter 120 to (or from an input signa

FGH?Qdeétgé’@lf&% _bﬁm;aat 18 V;?:ll.c%‘sc?fﬁ""'(qre%tt b@lbb%z sensor)

ocity signa | et-side ocity signal) whic

of
G RN bt rae';auar{a&é#sﬁaazosxc%f%xapabsysmter
I SR WP i 4 G S0 e D 8o

with respect to the input signal frequency which is

ddt-put fromthe frequency conversion section 140 and

i nput to the phase nmeasurenent section 130, the input

si gnal Flurepeencytio+aonventsiicn | §reffeehow fouttpighcyfrom the
right velocity signal (inlet-side velocity signal) of

leflich/alconsie@izdlono et i amd hiss At Limed®rberadding (or
|s shifted in frequency to another frequency band

Q%%%Qaﬁ%lﬁggfggéﬁﬁb?ﬁ&%@Qﬁ%ﬁ%y@%ﬂloQHb@HErEhQﬁkSBﬁansmltter

transmtte e frequency conversion section
{%%'to (or from) an input signal frequency (6+3¢) output in

a case where the right velocity signal (inlet-side velocity
signal) which is detected by the right pick-off (right velocity
sensor) 8 and extracted as a low-frequency signal by the low-pass
filter 34 is converted into the digital signal by the A/D
converter 35.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section
140 and input to the phase measurement section 130, the input
signal frequency (6+3¢) which is the low-frequency right
velocity signal (inlet-side velocity signal) of the digital
signal output from the A/D converter 35 is shifted in frequency
to another frequency band based on the output frequency 6Xn

output from the transmitter 120 in the frequency conversion

section 140.
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[0088] As described above, the transmtter 120 is
connected to the frequency conversion section 110 and

the frequency conversion section 140. The frequency

signal 6Xn output from the transmtter 120 is input

to the frequency conversion section 110 and the

frequency conversion section 140. When the frequency

si gnal [OR88dut put fromthe transmitter 120 is input

to the frequency conversion section 110 and the
frequelsydesaviébsdaboect ithre t#@nsmhcteut p0 I cpumecyed to
6C of each of the frequency conversion section 110

M tb@eﬁﬁéﬁdgxcé’on@fb’ﬁiﬁi @ectdin on134Gand xR esseduency
as follo pression 6] 6Xn+6=6C (6) [0089]

Ihﬁﬁ@ﬁgﬁﬁxxE@@El&ﬁeliéeq%ﬁﬁ?fr@hﬂ@ﬁby6§@gﬂéiRH&lEbQ%ht from

the transmtter I's input tothe frequency
{ 1 .on .
SERELFALPCRE 3B L Byl AERHERER QAT B seceson
EX 7 5 O ...............
13 AR ) PGy, CRRBRIRIOT A Enai %0
out put fromthe transn1tter 120 is input to the

f r equeiprcoing Sreiquencaycei@rel XD, OutRUY FEgQlidis transmitter

conversi on section 140 outputs a signal expressed as
fidd dws input[ Emptessfoeq@ncy conversion section 110 and the

frequency conversion section 140, the output frequency 6C of
each of the frequency conversion section 110 and the frequency
conversion section 140 is expressed as follows.

[Expression 6]

6Xn+6=6C  (6)

[0089]

Therefore, when the frequency signal 6Xn output from the
transmitter 120 is input to the frequency conversion section
110, the frequency conversion section 110 outputs a signal
expressed as follows.

[Expression 7]

.
E&m@*@ﬁ) RN & &

Further, when the frequency signal 6Xn output from the
transmitter 120 is input to the frequency conversion section
140, the frequency conversion section 140 outputs a signal

expressed as follows.
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(5*0 + 160 1- [0090] Further, the frequency conversion
section 110 is configured so that the signal fromthe
transmtter 120 is input thereto. \Wen signal output
fromthe transmtter 120 is input to the frequency
conversion section 110, the frequency conversion
section 110 performs the frequency conversion on the
i pxptresisgioadl 8Qout | et - si de velocity signal) input from
the left pick-off 7 based on the signal output from
the transmitter 120. The signal obtained by frequency
conver si on(4m(4 hég +#4 Syuency conversi on-'secton 10 s* (8)
converted«4 nto the constant frequency signal based on
the output signal fromthe transmtter 120. [0091]
Furtheqooggq frequency conversion section 140 is also
configured so that the signal fromthe transmtter 120

is inp her et When signal outpu t ; :
transn#%ﬁgkeféo ?Qeingﬁ?q“?%°¥hé“F§§%G%%%§]é%%%@f%%o%lo 8
section 140, the frequenc¥ conversion section 14

FE I ach 8ot EREyS ELPBNt % E RS LG g? Qg 1nput
(inlet-side velocity signal) input fromthe right =
pihskeedfcf. 8Whasesiomal ipatpugnirowiirit rAngmitker 120 1s input
transmtter 120. 58 The signal obtained by frequency
aavehei ofrdyuéhey facmpearstorcoseetspon k¢t i dihel40reqguency
converted into the constant

conversion section 110 performs the frequency conversion on
the input signal (outlet-side velocity signal) input from the
left pick-off 7 based on the signal output from the transmitter
120.

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

[0091]

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

right pick-off 8 based on the signal output from the transmitter

120.
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frequency signal based on the output signal fromthe
transmtter 120. [0092] Wen the control is nmade by

the nodul atable transmtter 120 as descri bed above,

as in the case of the frequency conversion section

110, the frequency conversion section 140 al so

perforns the frequency conversion based on the out put
frequefbg ciitgnal obbained dyanbreqwercyogonyeygipn by the
The conversion frequency output fromthe frequency
crregeesicynceeee T oo @ cits oalit 40 neddiweaduidgntorthe constant
subtracting) the output frequency AXn output fromthe

irhrl@idnich a8 i Jr2dl baseGWn Eheutihd ¢l fremalhe transmitter
frequency (e+bcp) output in a case where the right
velpocity signal (inlet-side velocity signal) whichis
detected by the right pick-off (right velocity sensor)

8 and géBraﬁted as a | owfrequency signal by the

| ow pass Pfter 34 is converted into the digital

signal by the A/D converter . 35. As described_above .
with r 8858ctRe FIHF I hgd MeAgRY the 8‘8@&453%&5"“?@”1““
out put fromthe frequency conversion section 140 and )
i1R8.AS gesehebpAadeviee U BHBSICARR P SReIBRIUIRCY fpliyersion
signal frequency (e+op) which is the | owfrequency

siegitti onvEel 0cithy Sremadndy cbavessdeonved aiary 14 0gnisdo pefforms
the digital 59 signal output fromthe A/ D converter

Ihel Sreflbhed ¢dnvéLSHEN Wasdd oanthdesutigay feegnehaydoutput

based on the output frequency eXn
from the transmitter 120.

[0093]

The conversion frequency output from the frequency
conversion section 140 is obtained by adding (or subtracting)
the output frequency 6Xn output from the transmitter 120 to
(or from) the input signal frequency (6+3¢) output in a case
where the right velocity signal (inlet-side velocity signal)
which is detected by the right pick-off (right velocity sensor)
8 and extracted as a low-frequency signal by the low-pass filter
34 is converted into the digital signal by the A/D converter
35.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section
140 and input to the phase measurement section 130, the input
signal frequency (0+3¢) which is the low-frequency right

velocity signal (inlet-side velocity signal) of the digital
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output fromthe transmtter 120 in the frequency

conversion section 140. [0094] Wen the transmtter

120 is controlled as described above, as in the case

of the frequency conversion section 110, also in the
frequency conversion section 140, the frequency

conversion is performed based on the output frequency
sXgnedt putput ffoen hhetA/Ahsanvester AR ivshehhberd dnabrequency
transmtter 120 is controlled in frequency using the

ter yneitiplre feabuehati bandxpaeesdi on abedestpubefirequency 6Xn
above. [0095] Further, the frequency conversion

REPuRN £ibh theCeratshedtelro1bbeiphase diréfaendgeconversion
measurenent unit 130. Further, the frequency

E%%¥%Gﬂ qqosection 140 is connected to the phase
ifférence neasurenent unit 130. In the phase
differﬁg % qeasurenent unit 130, each of the

freque @ &lof the left velocity signal (outlet-side

equenityd of the left velocity signal (out|st-s
Conver HPETHGRERIRBHE ST & 20 FPBLERRLy ca AR Lhpd above,

section 110 and the frequency (e+5(p) of the right

@8l aoi thestgaal of i thetfrgauensy cOMerSignaSrciiicshl1lPs also
output fromthe A/'D converter 35 and input to the
firequRacyf requereryi aorsextsion 148ctsonornvld t edthient requency
the sane constant 60 desired frequency, to perform

RIASR rdildrel € pee roRasdNRiBd on H0S® put frequency 6Xn output
from the transmitter 120.

Themodulatable transmitter 120 iscontrolled in frequency
using the very-simple calculation expression as described
above.

[0095]

Further, the frequencyconversionsectionll0 isconnected
to the phase difference measurement unit 130. Further, the
frequency conversion section 140 is connected to the phase
difference measurement unit 130.

In the phase difference measurement unit 130, each of
the frequency 9 of the left velocity signal (outlet-sidevelocity
signal) which is output from the A/D converter 31 and input
to the frequency conversion section 110 and the frequency (8+3¢)
of the right velocity signal (inlet-side velocity signal) which

is output from the A/D converter 35 and input to the frequency

conversion section 140 is converted into the same constant
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When such a structure is enployed, according to this

enbodi nent, the input frequencies (left velocity

signal and right velocity signal) are converted into

the desired frequency bands. Therefore, the frequency
bands of the input frequencies (left velocity signa

and right velocity signal) are shifted, and the
desteedofréghencyt abbeperfoxngphd e ati f ference ceeagyrement.
addi ti on, the phase neasurenent processing may be nore

ef fectifgebg] perfornmed. According to an effect of the
present invention, constant, substantially

error-{hegs, sapl A ghreReed LA Wplidfedmyadording to this
realized without providing a | arge nunber of filters

%gtir%%ﬁiglgggl nghgoé.}slgﬁgt f{*égﬁgﬁggﬁgséﬁggt p@éi@%ﬁ%ﬁ%?@ﬂal and

at éd processing suachas t ange o

conputi net hod. edl ess_to_say,. the praocessi

ERERE A SRR Sranadt e crBrerhay s shp 8 sEn flauency
using a discrete Fourier transforn1(DFT% or a fast \
Paudeer Thareferen theTirequrrey bards Qf BRR m%fr?%uemles
input fromthe clock 150 to the A/D converter 31 and,
t(AefA/ etooityteigrBsl anderipgbtkvabocity mdianedilzaget paifted,
out puts of the A/D converter 31 and the A/D converter
3hdapHet husbdr o Af iilrpaer tableé ubhe tdigmiffircaeltilly waduegd. In
a sanpling error between the digital signal of the

Lefli tMehoci e SirHEY QbRuUirehed® t PLoAEEs LAY aIdLr b8l more
and the digital signal 61 of the right velocity signa

%%E%%Eiggqgi?@%Fééﬁeggnverter 35. The respective

Input” "sign vel ocity signal and

According toaneffect of the present invention, constant,
substantially error-free, and high-speed computation may be
realized without providing a large number of filters
corresponding to input frequencies and performing any
complicatedprocessing suchas the change of the computingmethod.
Needless to say, the processing of the phase measurement section
may be realized even using a discrete Fourier transform (DFT)
or a fast Fourier transform (FFT).

[0097]

The clock signal is input from the clock 150 to the A/D
converter 31 and the A/D converter 35. The clock 150
synchronizes the outputs of the A/D converter 31 and the A/D
converter 35 and thus has an important function for eliminating
a sampling error between the digital signal of the left velocity

signal output from the A/D converter 31 and the digital signal
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right velocity signal) which are the digital signals
obt ai ned by conversion by the A/D converters 31 and

35 as described above are subjected to the frequency
conversion by the frequency conversion sections 110

and 140 based on the output signal from the

transmtter 120. [0098] In the |lowpass filter 30

of] thermkght vellcdty3sighah outmur AsRMctRBiA/D converter 35.
renoved to elimnate the influence of aliasing in A/D
conver ghenreapetchévei imaht (sigrelas(lidfitusedacadyi gignal and
FIG 4 is output. The sine signal (sine) output from

thgntowepasstii igial BaTH hiresthatdiditalFlsGgndlissobtained
sanpled for digital signal conversion at an arbitrary

%g;néﬁaﬁ@éré LR wih@A/tﬂﬂsoﬁ@%EQPg a1t 8hd 3?51a§ @é&fﬁuwabove

I Nng Si gna S ne as Illustrated in

tahr%ﬂaﬁ" BiEdrgd 38 o T, %ﬁéﬁsi%ﬂ 748°erequency

out put fron1the | owpass filter and.s
%V%lsngngﬁ%tlelaﬁ\ﬂér%ﬁaﬁ 40 Pﬁée%/%‘ &&ﬁv%‘ﬁ'flavt ff,gnfasl from

input to the frequency conversion section 110 of the

$ihgn dramsodddsimd 28pparatus 100 illustrated in FIG

3. Further, a transmtter output signal output from
the trdmomwigdter 120 is also input to the frequency
conversion section 110. 62 Wien the signal frequency a

nmeasur agh Bnet how-pageefcl tefeasuienustraceti an ¥66.i 3, when
input to the transmtter 120, the
aharmonicnoiseisremovedtoeliminatetheinfluenceofaliasing
in A/D conversion, a sine signal (gin®) as illustrated in FIG.
4 is output.

The sine signal (sin6) output from the low-pass filter
30 as illustrated in FIG. 4 is sampled for digital signal
conversionat anarbitraryconstant intervalbytheA/Dconverter
31 to obtain a sampling signal (sin®) as illustrated in FIG.
5, and then output from the A/D converter 31.

[0099]

The signal (sin®) as illustrated in FIG. 5, 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 frequency
conversion section 110 of the signal processing apparatus 100
illustrated in FIG. 3. Further, a transmitter output signal

output from the transmitter 120 is also input to the frequency

conversion section 110.
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transm ssion frequency signal exXn is transmtted at a
desired frequency by the transmtter 120 based on
Expression (5) and a cosine signal (coseXn) as

illustrated in FIG 6 is output at the sane

transm ssion output rate as the sanmpling interval of

the input signal in the A/D converter 31. [01001 Wen

t he ouWpeth thgnaigpabséxagueénewm © Haeapanedi By cfhe ofrequency
is input to the frequency conversion section 110, in
mbashi-egeancyeccooner 60 ars sieqiitortol the tihensmghskr 120, the
(sine) as illustrated in FIG 5, which is sanpled for

di-ghkal o5l onat r EQONRES I Ty ke id/ Dromsviried atla desired
mul tiplied by thé output signal (coseXn) output from

%ggﬁggﬁgggkgg€%§JE¥Eﬁ$Wié+é§tf§5‘H&é ed%bﬁﬁﬁﬁgession (5) and

XCO a multiplier provi

frequency .conyersion,section,110, _t here obt a

& GREETEL pHERASoARRFTHEL PP ALEFREEACER EnCTYGT hnL8 Bucpuc
signal (sinexcosexn) as illustrated in FIG 7, which 1
B bHEeF3RRl WRANATS St QUEBHE(ERReRDISRNFAPPILRE tnterva
multiplier provided in the frequency conversion

sdctthen ibpdit sdgeed tiw chghA/® koghegses Bill-ter (HPF)
provided in the frequency conversion section 110 to

renove [@1lbow f requency conponent, to thereby obtain a
signal (sineC) as illustrated in FIG 8. The signa

(si neCynas thi BivRitedibAal! Goshis) gwbRuthé tyandhd tter 120
frequency conversion section 110 and input to the

qy?ﬁ%&gEé%h@%&%q&%%é?%ﬁﬂwéggggnEQEE13§Q10Jfﬁéﬂéfrequency

conversion section 110, the signal (sin®) as illustrated in
FIG. 5, which is sampled for digital signal conversion by the
A/D converter 31, is multiplied by the output signal (cosbXn)
output from the transmitter 120 as illustrated in FIG. 6
(sinfxcos6Xn) by a multiplier provided in the frequency
conversionsection110, totherebyobtainasignal (sinfxcosbXn)
as illustrated in FIG. 7.

The signal (sin6xcos6Xn) as illustrated in FIG. 7, which
is obtained by multiplication (sin6xcos6Xn) by the multiplier
providedinthefrequencyconversionsectionllo,passesthrough
a high-pass filter (HPF) provided in the frequency conversion
section 110 to remove a low-frequency component, to thereby
obtain a signal (sineC) as illustrated in FIG. 8. The signal
(sinbC) as illustrated in FIG. 8 is output from the frequency

conversion section 110 and input to the phase difference
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The phase difference between the output signals (left

vel ocity signal and right velocity signal) fromthe
vibration velocity sensor 70 (left pick-off 7 and

right pick-off 8) provided in the neasurenent tubes 2

and 3 in the case where the nmeasurement tubes 2 and 3

are vibrated by the vibrator 6 of the Coriolis

feg@vegent uaicodd@-edby the four bl ocks including

the frequency conversion sections 110 and 140, the
transmionea]120, the phase difference neasurenent

unit 130, and the frequency neasurenent section 160,

i ncl udedel phhbe gi@fiakeprecbesivegnappar aitputOfignals (left
illustrated in FIG 3. Then, the conputed phase

Jichtere t@%gﬁal COY it LRUBCHRG SidoyM Y 5E1teor?g ik@ial ibration

based o frequency signal output from

' . r ot :
St EE S TRt r A S DR igh PP S H & BESvicea
Next, an operation qQf the signal .processin ar at us
180- ¢ PEaBPLeBanEFHHeE 2 $7FsT ABLA BRtE RPER e o PEREgTement
totime charts illustrated in FIGS. 9. First, inthe |
tResadsapf| B erraovibrated e dhea Hkgatpr 6ypénthe Coriolis
harnoni ¢ noise is renoved to elimnate the influence
dfl oaimiegeirrigi s rAmPut edvgrthefounbd oréssingrialdifyy tieg fasquency
illustrated in FIG 5 is output. Wen the sine signha
(CORR)r gildnusé ¢ 81 6fs i1 oFhfd 120, St ReitHdnsmitthtersipe, the phase
signal (sine) illustrated in FIG 5 is input to the

[ f{%’e@e%%vﬁéf§ﬁr§rﬁenﬂ— Refiit 196, sdiehei S-SAMBHAANEAEUrement

_|g|tal si gna conversion at an arbitrary constant
'é@b q%ﬁ 1%%,tEﬁchEESOPMGEﬁé”signal processing apparatus 100

illustrated in FIG. 3. Then, the computed phase difference is
converted into the flow rate signal based on the frequency signal
output from the frequency measurement séction 160 and the
temperature data detected by the temperature sensor 9.

[0102]

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

First, in the low-pass filter 30 illustrated in FIG. 3,
when a harmonic noise is removed to eliminate the influence
ofaliasinginA/Dconversion, asinesignal (sin6) asillustrated
in FIG. 5 is output.

Whenthe sine signal (sin®) illustratedinFIG. 5isoutput,

the sine signal (sin6) illustrated in FIG. 5 is input to the
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31 to obtain a sanpling signal (Yl=sine) as
illustrated in FIG 9(A) and output fromthe A/D
converter 31. [0103] The sanpling signal (sine)
illustrated in FIG 9 (A , which 1is output fromthe
A/ D converter 31, is input to the frequency
conversion section 110 of the signal processing .
Appacaver tE003 1 i | IThstry,atkel siignal s sampked Aphdigd tedesignal
frequency neasurenent section 160 of the signal
poacessibg aapmaaablis ra 09 cons thime intenueicyy thedyilerenverter
section 160 and the transmtter 120 of the signal
BfLOES SHtRY nfR R 146l 89gnh he( yidasidedakr FITHE S €8d in FIG.
frequency signal eXnis transmtted based on the

[ i ' kel nil t FBF 9(A), which
?gﬂguth%%t 8??%%% %Zbﬁ/ Eh%o%zgr Fgﬁl@%ftgﬁ ggis'i ne si gnal

(Y2:coz ﬁé as illustrated in FIG 9 (B) is output to
the fr g J:y conversion section 110 of the signal

processi ng apparatus 100 illustrated in FlG t the .
Sane. t TARSHATEL 1019 HI9%0T (PARE) Al usF malé-a?'m) , which
interval of the input signal in the A/D converter 31.
L8104t PuVfron fthecd4Prrorvemtar GY2=é5sEXPYt 19 ther fyeguency
in FIG 9 (B) is output fromthe transmtter 120 and
thaveasina séghabn I MPofosbXngigsal puacessirigeapparatus 100
frequency conversion section 110, the cosine signal

19 10ektraRledednbyTE hes s limaits iconghe( Ytegh8AYy measurement
illustrated in FIG 9 (A , which is output fromthe

veriher, 692143l « i GSihRe : ARy I Blolper
ST ey e TreRidhey Peoneseergn ERSrReE 18°F,

obt ai nI% S#;lqgalf \g’uzesrlxcr{/exgn%%es)é@em%%t section 160 and the

transmitter 120 of the signal processing apparatus 100, the
desired transmission frequency signal 6Xn is transmitted based
on the sampling signal (sin8) illustrated in FIG. 9(A), which
is output fromthe A/Dconverter 31. Acosinesignal (Y2=cos®Xn)
as illustrated in FIG. 9 (B) is output to the frequency conversion
section 110 of the signal processing apparatus 100 illustrated
in FIG. 3 at the same transmission output rate as the sampling
interval of the input signal in the A/D converter 31.

[0104]

When the cosine signal (Y2=cos0Xn) illustrated in FIG.
9(B) is output from the transmitter 120 and the cosine signal
(Y2=cos6Xn) is input to the frequency conversion section 110,
the cosine signal ismultiplied by the sampling signal (Y1l=sin®)

illustrated in FIG. 9(A), which is output from the A/D converter
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illustrated in FIG 9(C). The signal (Y3=sinexcoseXn)

as illustrated in FIG 9(C, which is obtained by

mul tiplication (sinexcosexXn) by the nultiplier

provided in the frequency conversion section 110,

passes through a high-pass filter (HPF) provided in

the frequency conversion section 110 to_renove a

Bdw- f eénbreaegO¥ngundie mulsiphérsyrovided i shgnbrequency
(Y4=1/2sineC) as illustrated in FIG 9(D). The signa
cohveiradoneSecasonl 111G ttcabvedain &lsGgnad( DY 3-siodxposbXn) as
fromthe frequency conversion section 110 and i nput

tiq 1t rhkage idi Frer enqe)neasurement unit 130. [0105]
Further, in the lowpass filter 34 illustrated in FIG

3, whep 3?#:11@?' %3ng'1§l%x'c§/sr8%mvsg 119 @leiZRd en iR, 9 (0),

I an uence asing 1 n conversion, a Sslne

3 L5 BSR4, SB[ A s o

(e+b(p)) is input to,the A/D converter 35. Then,

fugitdPlies QéﬁﬁF@&df P %‘P"guﬂ’%ﬁq%‘?%ﬁ’alcoé’éfﬁélﬁnoﬁeSPQH 110,
arbitrary constant interval by the A/D converter 35.

Pas ssisgrntough p i ghr-passia Wey (BPFeprevidsdiia the frequency
multiplied by the sanpling signal output fromthe A/D
comwertsdon3dsely ian aulot tpl remopeoswi tled-Eneghency component,
frequency conversion section 140 to obtain a signal.

&% [hteeby BRtasinddakighkai ned=hy2rElihbp)i aat ioDubYrated in
the multiplier

FIG. 9(D). The signal (Y4=1/2-sin6C) as illustrated in FIG.
9 (D) is output from the frequency conversion section 110 and
input to the phase difference measurement unit 130.

[0105]

Further, in the low-pass filter 34 illustrated in FIG.
3, when a harmonic noise is removed to eliminate the influence
of aliasing in A/D conversion, a sine signal (sin(86+%¢)) is
output.

Whenthe sine signal (sin(6+8¢)) isoutput, the sine signal
(sin(6+3¢)) is input to the A/D converter 35. Then, the signal
issampled fordigital signal conversionat anarbitraryconstant
interval by the A/D converter 35.

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

to obtain a signal.
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provided in the frequency conversion section 140

passes through a high-pass filter (HPF) provided in

the frequency conversion section 140 to renove a

| ow f requency conponent, to thereby obtain a signa

(Y5=1/2 sin (eCtb(p)) as illustrated in FIG 9 (E)

The signal (Y5=1/2 sin (eCtbcp)) illustrated in FIG

9(E) idol@&tput fromthe frequency conversion section

140 and input to the phase difference neasurenent

unit 130e $bghak qbtasimeat biemebtephbasuiendsyt tinei hultiplier
130, a signal (Y6=5(p) illustrated in FIG 9 (F) is

3351 2 thRasLeflid A @ eBRGerBiBnnsad 14 bt hrough
Y4=1/2 sin9C) illustrated in FIG 9 (D) , whichis

%PBE?B—%Q?EWE 4L € CHrEITYEHSE A IRE Ehre ekﬁ% 8Bfversion
I'nput t e phase difference neasurenent it 130,

and.the _signal (Y5=1/2 _.sin_(eC+b illustrated,_in
Bretigh a0 iR REROVE 3 ARl EPiRREY . CPEBhERL (b enereny
conversion section 140 and input to  the phase._.

FRRETchE dIRBASTBs %t Sim (©Croe) >[%ﬁe%}usgméﬁeflﬁél FIG. 9(E) .
conmputing interval is synchronized with the sa Iing ,
{Tihee sgrdds cfY Ield 2toire( 0@ 4fep e al Liusir 3k d okprafit@. 9 (E) is
for phase neasurenent may be inproved. Further, each
ofutihe $ebmothe i tretuency eloowiers isngaaksiofisl4@ ardl input to
sine+bcp) ) is subjected to the sane processing for

RIIRS S HaAC ¢ 13 edidn AN hed@NGRniei®r @it al3mast no

conputing error. Therefore, accurate phase

cal cul gtj @.ﬂenﬁﬁagg AEPEEYEACe Gled KRG B UNA 1300188kignal

(Y6=8¢) illustrated in FIG. 9(F) is output as a phase difference
S¢ based on the signal (Y4=1/2-sin6C) illustrated in FIG. 9 (D),
which is output from the frequency conversion section 110 and
input to the phase difference measurement unit 130, and the
signal (Y5=1/2-sin(6C+3¢)) illustrated in FIG. 9(E), which is
output from the frequency conversion section 140 and input to
the phase difference meaéurement unit 130.

[0107]

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

Further, each of the set of vibration velocity signals
(sin® and sin(6+d¢p)) is subjected to the same processing for
phase calculation, and hence there is almost no computing error.

Therefore, accurate phase calculation may be achieved.
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Next, the signal processing nethod for the specific
structure of the signal processing apparatus 100
illustrated in FIG 3 is described with reference to
the operational flow chart illustrated in FIG 10.
FIG 10 is a flow chart illustrating frequency

nodul ati on and phase neasurenent in a case where the
flEdpoddmeatd 2]s used. InFIG 10, inStep200,
paranmeters of the signal processing apparatus 100

whi ch i[®10I8¢ conputing device are initialized. Wen
the paraneters of the signal processing apparatus 100
are i mekital izRd, s fghall 9gkobe88HRFC kP IRAMEIKY specific
nodul ation, that is, a target frequency after

(G HLERGY g‘fdgiﬂ@téfﬂ‘éégip;xﬁéaﬁégbirﬁggp%%ulso&g%] ilmggrated

the paraneters of t pro rng appar atus

whi i s,the conputi device_are_ initialized and.the

o E26'°3 1R, AR IR S B ER RS RE i T RPeRaapRRy £10w
Step 200, in Step 210, a phase and velocity signa

Stept 1f1r16‘fﬁtt1ﬁ‘éeldgf1tn EiGk18+f (LPO 7 (left velocity
sensor 7) is sanpled for digital signal conversion at

an ar bFIfarl0 dsrpfilay ¢hawy ¢aluppraneng/freausnay nedulation
31, and a phase and velocity signal output fromthe
anghphas € nefdfurdiidt 8n(d cgbt wisdoeithy SeadofoByard is used.
sanpled for digital signal conversion at an arbitrary

sanpl i ne p1Y €1y 2hin e 30 AbEraREYEFS BF the s f$hdDBrocessing
phase and vel ocity signal sanpled for digital signal
%?%\é%ra%iu%n 18b &Jﬁfcﬁr Pé L yco%ﬁfg’éiir@g die@ri%rev ak'eb¥n§.{?..e.alized .
When the parameters of the signal processing apparatus 100 are
initialized, a target frequency for frequency modulation, that
is, a target frequency after frequency modulation is set in
Step 200.

[0109]

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

for digital signal conversion at an arbitrary sampling interval

by the A/D converter 35.




converter 31 is input to the frequency neasurenent

unit 160 and the frequency conversion section 110.

The phase andvelocity signal sanpled for digital

signal conversion at the arbitrary sanpling interva

by the A/D converter 35 is input to the frequency
converter 140. [0110] Wen the signal is sanpled for |

di gi t afhei prase casvBpspehty Aignml gappledrfox sigaiteg signal
interval in Step 210, the frequency is neasured in
SoayezzdonThatt the s tiraeyphemepimy vehbervgl diygridie A/D
sanpled for digital signal conversion at the arbitrary

sPleirter nteralinbytt ke AhP €eByaehey RéabArempht, unit 160
the frequency neasurenment unit 160 neasures the

£ ocCi : -
ahQQHﬁpﬁ%ﬁ 3 ¢ 0Bnl B sPBASR ctaReh Ma | Th%é?%p 2ergiveloc:Lty

[0111] the frequency is neasured in , an

t put n of fer ' i l.a :
Ao, =3B Yt ot BEHST SoRPRLe) Sn i Rl hEB s erary
neasyr.ed by the frequenc asurenent unit 160, is
SERRIISE FPHIRL (HY t1AF | §/DeFOPNFGEET AreddbrmtgPuL to the
When the neasured frequency is conpared with the
ifriegugncy coaverdegetl4Or-equency in Step 230, in Step
240, the output frequency is set for the transmtter
120 for[onafodrence signal based on the result obtained
by conparison, to thereby generate 69 the reference
si gnal wnéhethé e greflel enggmsl el &bori 8igeeLl atiethal tbaversion

ref erence signal having the set frequency is output

O¥he arbitrary sampling interval in Step 210, the frequency
is measured in Step 220. That is, when the phase and velocity
signal sampled for digital signal conversion at the arbitrary
sampling interval by the A/D converter 31 is input, the frequency
measurement unit 160 measures the frequency based on the phase
and velocity signal.

[0111]

When the frequency is measured in Step 220, an output
frequency of a reference signal is calculated in Step 230. That
is, in Step 230, the frequency measured by the frequency
measurement unit 160 is compared with the initially set target
frequency.

When the measured frequency is comparedwiththe initially
set target frequency in Step 230, in Step 240, the output

frequency is set for the transmitter 120 for reference signal

based on the result obtained by comparison, to thereby generate
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the transmtter 120 and input to the frequency

converters 110 and 140. [0112] When the reference

signal is generated in the transmtter 120 in Step

240, the processing of the frequency converters 110

and 140, that is, the frequency conversion is

performed in Step 250. Therefore, the frequency
theveeferende signali.chWhho thefreferencer eigealkissggnarated,
output fromthe transmtter 120 is 1input converts the

has eefedeviekosiyyali faaingutipeitsdt dneduencd/ Bs output from
converter 31 into a phase and velocity signal having

e BiRhEmAtYelr EH0QNEY 1PRSRILBNhd & FRFRIRIE @obiveRekrs 110
output from the transmtfter 120. The frequency

CvEhter 140 to which the reference frequency signa
output fromthe transmtter 120 is input converts the
phase %§&1§§|00ity signal output fromthe A/D

convert into a phase and velocity signal having
an arbitrary frequency based on the referenc '

signal
out put ¥heant e Eefergnshi $1Fal 36 9oRETALRY &Pttﬁlq Egansmltter
signal obtained by frequency conversion is converted
ilr2t00 ian Sqepi 244y thenpragestiogueficghenfiregngnsyerpayerters
to the phase difference neasurenent section 130.
A1 3hdr A a0hen hialte igontaes fapguehaeyt kengkaséoands performed
velocity signal having the arbitrary frequency is
e[=38 fsctrerﬁs@gm_ Step 250, phase

Therefore, the frequency converter 110 to which the
reference frequency signal output from the transmitter 120 is
input converts the phase and velocity signal output from the
A/D converter 31 into a phase and velocity signal having an
arbitrary frequency based on the reference signal output from
the transmitter 120.

The frequency converter 140 to which the reference
frequency signal output from the transmitter 120 is input
converts the phase and velocity signal output from the A/D
converter 35 into aphase andvelocity signal havinganarbitrary
frequency based on the reference signal output from the
transmitter 120.

As a result, the signal obtained by frequency conversion
is converted into an arbitrary constant frequency and

transferred to the phase difference measurement section 130.

[0113]
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measurenent is performed in Step S260. That is,

i NSt ep260, the phase and velocity signal obtained by

the arbitrary constant frequency conversion based on

the transm ssion frequency of the reference signa

output fromthe transmtter 120 is input to the phase
measurenment unit 130. The phase measurenent unit 130
per f or Wherhshghaerverasoneheh® theinhpse ARd yelpgdty signal
| i ke based on the phase and vel ocity signal obtained
yavtimg Bhbidriak tyraaon Straguehceqlue peyr foomest $ no$itep?scoh phase
is output fromthe frequency converter 110. When the

Rk r SHRITU SR floTmied fiey mR@pus2ee .t he FFT as

descri bed above, high-precision phase difference

neasur ggRt; byn EFeﬁl(z‘c’)é?%sthé’%QQé BBd A1 & P& ¥nal obtained

conputing i nterval. 41 reinafter, the four

L ocks incl.uding the frequen versi t]

Do thg Fho tERe ERRRT e g R, SohkaRs 18A! baBRa on che
di fference neasurenent unit 130, and the frequenc
FERFERSICD FREEUSBEY G Ehe et STPRTR S&ﬁ&ﬁil output from the
processing apparatus 100 are described. (1) Frequengx
Camnemditdqersdel éi5 THOULr EQuEREy PRaAfeMSREHTSBERFORNLIT 130.
110 of the signal processing apparatus 100 has a
Sthreuphaee msashtesenttwed i 436l Gerfdims|thd-pBasklmeabgrement
frequency conversion section 110 includes 71 a

Mg itngohi BFT bl the b oKepsssed idd ehe(pitkse Il (@locity signal
hi gh-pass filter (HPF)).

obtained by the arbitrary constant frequency conversion, which
is output from the frequency converter 110. When the phase
measurement is performed using the FFT as described above,
high-precision phase difference measurement may be always
performed at the same computing interval.

[0114]

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

(1) Frequency Conversion Section

The frequency conversion section 110 of the signal

processing apparatus 100 has a structure as illustrated in FIG.

11.

In FIG. 11, the frequency conversion section 110 includes
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A reference signal cos02 fromthe transmtter 120 and

an input signal SINel fromthe A/D converter 31 are
multiplied by each other and then subjected to filter
processing by the Ilowpass filter 112. [0115] The
reference signal cos02 fromthe transmtter 120 is

mul tiplied by an i nput signal sinel obtained by _
eomudtipdder iAo a dieyrpasssiEghber BPFhelARD(or high-pass
converter 31, the lowfrequency left velocity signa
(fduttleat -(sipd® )viel ocity signal) which is detected by
the left pick-off (left velocity sensor) 7 and
extracheeeB¥reheel aWgpasscbkbberrdf @Rd theAsmutpet 120 and
therefrom to thereby conbi ne sumand difference
fre Yo S lSraga 1l ' ' = {11
S THBAEY R STpy! BB ) Ptor Brlefin Sig mittiplied
nd difference_freguency .signals .are.filte .t he
Heibe SERRE cphf cPHER sl A LB eel PS8t by che
only the difference signal (or sumsignal). In this

passr fHdd@ ild2description, the sumsignal is

extracted. However, even when the difference signal is
extractl®@15here is no problem and hence the filter
processing nethod is applied as appropriate according
t o t he Theegqeéregnceonignal oros@? hifxbm the G¥ESismitirer 120 is
output fromthe |owpass filter (or high-pass filter)

multiplied by an input signal sin61 obtained by converting,
intoadigital signal, by the A/D converter 31, the low-frequency
left velocity signal (outlet-side velocity signal) which is
detected by the left pick-off (left velocity sensor) 7 and

extracted by the low-pass filter 30 and then output therefrom,

to thereby combine sum and difference frequency signals.

[Expression 9]
sin 9!~cos&2z-;-(s?n(€l+02)+sin(m_92)) TORRU o - '

The sum and difference frequency signals are filtered
by the low-pass filter (or high-pass filter) 132 to extract
only the difference signal (or sum signal).

In this case, for specific description, the sum signal
is extracted. However, even when the difference signal is
extracted, there is no problem, and hence the filter processing
method is applied as appropriate according to the frequency

conversion method.
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112 is expressed as follows. [Expression 10] 1 (31L

11492)) .. (10) In this case, an

out put signal frequency 03 fromthe | ow pass filter

(or high-pass filter) 112 is always controlled to a
constant value. Therefore, the sane filter may be

al ways used w thout depending on the input signal.

Thus, tl9dL$Hase neasurenent in the phase difference
measurenent unit 130 |l ocated in the subsequent stage

of t he THe eqtent f roanyies dioon paest £ bhtdA Jordyi Je-paghifylter)
uni formed and sinplified. [0117] (2) Frequency

MBS Ure nBir2306dd Qb I#b 1w enbodi ment, the principle
of phase-l'ocked loop (PLL) is used for the frequency
nﬁggﬂyﬁﬂﬁ hod. The PLL is a known electronic

circuit |Ehhgﬁih a signal which is equal in frequency
to an input alternating current signal and | ocked in

phase therpmitpbi ut put from anot her gsgil.J.at.or..by... 10
feedback THK f?gﬁherefore, the PLL is fundanentally (10)
a phase-lotk circuit and may produce a signal |ocked

in phase with an input signal. 73 The PLL is an

dgcithlist ceseci agwutfutr sfigedadkequancyl §3 nigrormthe low-pass
oscillator in a loop for oscillation so that a phase

di ffrencer bhodhveeasa feiesencelsi inahlwapst conorpdibed to a
out si de and an out put

constant value.

Therefore, the same filter may be always used without
depending on the input signal.

Thus, the phase measurement in the phase difference
measurement unit 130 located in the subsequent stage of the
frequency conversion section 110 may be highly uniformed and
simplified.

[0117]

(2) Frequency Measurement Section

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

Therefore, the PLL is fundamentally a phase-lock circuit

and may produce a signal locked in phase with an input signal.
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fromthe oscillator in the loop is constant.

Therefore, the PLL naybe relatively easily

constructed using a conputing device and nmay perform

hi gh- speed conputation. [0118] The frequency

measur enent section 160 of the signal processing

apparatus 100 has a structure as illustrated in FIG

12. | n THe®LILLs ahlos clildaquidomc ieasil foefeedbarkonongpolling
includes a nmultiplier 161, a |ow pass filter (LPF)

Hovos @il @t oF AR ddie £ or B2 ifldra tfilcenste bhyi t rEpitasedefference
[0119] The multiplier 161 conpares the phase of the

hfttweet] QCHd Hershad @l at Eﬁ%u%' ﬂfom@rpsuwlaem Jan output

sine which is obtalne e dlgltal si gna

GUYERHOBNY 110808 Dconyeries A ciddbdie EseetLe, the
SR T s

an out put SI gha transmtter

f d ' .
AR ST e”e‘ﬁav é‘%ﬂ?é’?ﬁﬁs?épslpﬁea s Py aevice

filter 162. Therefore, anoutputendof the multiplier

1 maye herdaray highsread wopmsationer 162. The

| ow-pass filter 162 extracts only a | ow frequency

si gnal [f0ld®d]t he out put signal output from the

mul tiplier 161 through a frequency filter. 74 Thus, in

this case HREquendy) fieseucementpeaentions 16axtofictiee signal

fromthe output signal output fromthe nultiplier
Jp@:%cessing apparatus 100 has a structure as illustrated in FIG.
12.

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

[0119]

The multiplier 161 compares the phase of the left velocity
signal (outlet-side velocity signal) sin6é which is obtained
as the digital signal by conversion by the A/D converter 31
with the phase of an output signal cosd output from the
transmitter 153 for frequency measurement and outputs the
signals as a difference signal and a sum signal to the low-pass
filter 162.

Therefore, anoutput endof themultiplier 161 is connected
to the low-pass filter 162. The low-pass filter 162 extracts
only a low-frequency signal from the output signal output from

the multiplier 161 through a frequency filter.
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[0120] The lowpass filter 162 is connected to the
transmtter 163 for frequency neasurenent. The
transmtter 163 for frequency neasurenent generates
phase data 6 based on the |owfrequency signal output
fromthe | owpass filter 162. The transmtter 163 for
frequency nmeasurenent outputs the output signal cosh ,
to theﬁhﬂﬁdpimeﬁhiﬁLCﬂﬂemr@ﬁhﬂlﬁiMﬁé%erqniﬁ ¢pmponent 1s
phase of the input signal frequency e obtained by
axtuerdtiedy, frow dle divgidul ssiigped] ouputhérafiDthe multiplier
converter 31, the |lowfrequency left velocity signa
(xgut | et-side velocity signal) which is detected by
the left pick-off (left velocity sensor) 7 and
extractgd Jy the lowpass filter 30 and out put
therefromis conpared with the phase of the output
si gnal £0s 3 t | : t -
i 1 or A LowsRaBe; R B8RS 8 BoBHbBLL AR ik crapemiceer
filter 162, A feedback |oop is forned so that.% t put

3, for (ffr%cﬁtﬁfé?%ymeéﬁl-}ﬁg?‘?ﬂﬁ-fun ¢ ol TR =B gﬁ&y 163 for
the difference conponent obtained by filtering by the
| fleptancy | neasungrenke cogrpsratesophape Aata |§nga%l%don the
in FIG 12, the ADC-31-output sine is input to the
rdw- ftecprerkd .s Mfreril tdwetputt pironsitgreal lauigass fiidmhearhel62.
transmtter 163 for frequency neasurenent in the
frequemme tramaditienisufdr FBgueneypmessedehgnt outputs
cosh, both the signals are nultiplied by the

nuld bRLLRE ihAScHOb tEhe mUPEREE8XCI61 ! | In the multiplier

161, the phase of the input signal frequency 6 obtained by
converting, into a digital signal, by the A/D converter 31,
the low-frequency left velocity signal (outlet-side velocity
signal) which is detected by the left pick-off (left velocity
sensor) 7 and extracted by the low-pass filter 30 and output
therefrom is compared with the phase of the output signal cosd,
and the signals are output as the difference signal and the
sum signal to the low-pass filter 162.

A feedback loop is formed so that output data "vV" (f£requency
computing function V) of only the difference component obtained
by filtering by the low-pass filter 162 becomes 0.

[0121]

As illustrated in FIG. 12, the ADC-31-output sin6 is input
to the multiplier 161. When the output signal output from the

transmitter 163 for frequency measurement in the frequency
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sin 8cos 9= 1 (sin(O+8)+sin(OG(5)) (11) 2 Input

waveform sine Qutput waveformof transmtter f or f
requency neasurenent: cosh Wen a result obtained by

mul tiplication by the nultiplier 151 as expressed by
Expression (11) is filtered by the |lowpass filter

162, a high-frequency conponent is renoved to obtain

nea siuglememitn ndstp A69s iien expEegseds byncesd, Heshnthepyignals
(12) [0122] Wen a value of (e-6) in Expression (12)

iaxea mellftfiiplied by i mulalipd ie¥pa®) ast Helfllceguency
conputing functionV indicating the result obtained by

g ildsGd @by the nultiplier 161 may be
approxi mately expressed as follows. [Expression 13]
V=e-6-0 (13) g%en an out put waveform of the

1

tJ ] f u nmeasur e S

c{‘}ﬁtrég{:{)égf§o iﬁ&ﬁr@ﬁegsg—eﬁgjg cygt@orrpgimg function V
beconmes 0, th& precedi ng phase a obtained by

frequency conversion by the frequency conversion
dedYtoyaved ot ySe obtai ned. [0123] Wen the

phase e of the ADC-31-output sine which is obtained as
dagq@utbeavebove afstranpuittieysion frREUEBFY diRaRprement:: cosd
Expr essi ons

Whena result obtainedbymultiplicationby themultiplier
151 as expressed by Expression (11) is filtered by the low-pass
filter 162, a high-frequency component is removed to obtain
the following expression.

[Expression 12]
V=sin(6-93) (12)

[0122]

When a value of (6-8) in Expression (12) is a sufficiently
small value (V~0), the frequency computing functionVindicating
the result obtained by multiplication by the multiplier 161
may be approximately expressed as follows.

[Expression 13]
V=06-5~0 (13)

When an output waveform of the transmitter 163 for
frequency measurement 1s controlled so that the frequency
computing function V becomes 0, the preceding phase 6 obtained

by frequency conversion by the frequency conversion section
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(14) and (15), a frequency "f" may be obtai ned.

[ Expression 14] De =w=2?t f (14) AT ca: Angul ar
velocity (rad/s) Note that AT indicates a change in
time and is equal to the conputing interval (sanpling
rate). Therefore, a change in phase (e) is as foll ows.
[ Expressi on 15] e=2nfTa (15) where Ta: change in tine
Addnpiaiyndpe mdravdiaied.(sec.) f: input frequency (Hz) e:
change in phase (rad) [0124] The input frequency "f"
is as floll2aws. [Expression 16] Wen such cal cul ation
is perfornmed by the frequency neasurenent unit 160,

hi gh- spereh fHEEHRSE Y JFEasdAPOED] - BBYPRE 516 vatiilevedbtained
[0125) (3) Transmtter In FIG 3, the output frequency

f : o ] [ ' I ;
o AUBCTRAUL U Lot ANBEL S H0che SGERpreasions
t(l?l.% )f ra%%e(ri% ’rrea rre%rtrleer}xtcys Q'Cft"l %yl%% obtained.

[Expression 14]

@w: Angular velocity (rad/s)

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

Therefore, a change in phase (6) is as follows.
[Expression 15]
6=2-n-f-Ta (15)
where Ta: change in time (sampling interval) (sec.)

f: input frequency (Hz)

6: change in phase (rad)

[0124]

The input frequency "f" is as follows.

[Expression 16]

J
2T

f:z be A rea ey (15)

When such calculation is performed by the frequency

measurement unit 160, high-speed frequency measurement may be
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That is, inthe transmtter 120, the frequency e of
the detection signal of the vibration velocity
(outlet-side velocity signal) generated on the |eft
side of the nmeasurenent tubes 2 and 3, which is
detected by the left pick-off 7 and input to the
frequency conversion section 130 in the case where

e ireyesur enent tubes 2 and 3 are vibrated by the
vibrator 6, is controlled to a desired frequency to
be prodesesd by the phase difference nmeasurenent unit
150. The frequency conversion section 110 and the
f9queRGEmicdaer si on section 140 have the sane
structure. Therefore, as 1in the case of the frequency

out put Ifnr Oﬁt%gﬁf%f, { etq‘%en et@?%‘é%&ééﬁgnc e%tﬂ %é‘lgodh'iﬁtable

frequency ou fromt Uency conversion

section 140 re specifical t he frequenc e+89 .

I et BBt e R Hast ik eRe PO () " bptainea
inlet-side velocity signal) generated on the right
YaeFsunenaitad dightE HQEHenCY) made g engitc pgcdion 160.

detected by the right pick-off 8 and input to the

frequerhatcosvelini tre damrison tayr 120y heheafeegpeney thef the
measurenent tubes 2 and 3 are vibrated by the vibrator

@Wetectizanveiyadli D ahdesivibeatienuerglocityd [ GbRELlet-side

(4) Phase Difference Measurenent Unit There are

A1 QU PBASR AT AGENEFENE G 182 BRESLe tt) sA dease tHY meBasgement
measur enent “using a Fourier transform a frequency 1is

s, 2o Sy Yptest STt e kot 7 and

Four i . . .
101‘i'lprdtertott'[1'?ensffr%rc_[mency conversion section 130 in the case where

the measurement tubes 2 and 3 are vibrated by the vibrator 6,
is controlled to a desired frequency to be processed by the
phase difference measurement unit 150.

The frequency conversion section 110 and the frequency
conversion section 140 have the same structure. Therefore, as
in the case of the frequency output from the frequency conversion
section 110, the frequency output from the frequency conversion
section 140, more specifically, the frequency (6+3¢) of the
detection signal of the vibrationvelocity (inlet-side velocity
signal) generated on the right side of the measurement tubes
2 and 3, which is detected by the right pick-off 8 and input
to the frequency conversion section 140 in the case where the
measurement tubes 2 and 3 are vibrated by the vibrator 6, is

converted into a desired frequency.
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(DFT) is described. The discrete Fourier transformis
a Fourier transformon a discrete group, of ten used
for frequency analysis of discrete digital signals in
signal processing, and also used to efficiently
calculate a partial differential equation or a
convolution integral. The discrete Fourier transform
may be [0d836d¢ul ated with high speed (by a conputer)
using a fast-Fourier transform (FFT). [0127] Wen
t(ke Phpse DifferenwepMedsuremeatpiaie di fference
nmeasurenent section 130 is expressed byg (n) , DFT-G
(k) isTdelrengfe wsricld prasd RepEa%emeAt Infdt KEAHXOD b case
- (17) V4 A k=0OL..." 1.i" 1

)
U%l%%]as'é%leéis%'e&%n%xB%‘?Eﬁgi g”Fo%?@ratQQg‘ngg“m (3 frequency

exponenti a ~function part I's express
fi%' 2d ,garsia%Setrfcteu\;elz?yn—’hiéhE—Xégeees Icgrﬂp%g;tkp: o %@bezazlghieved.
Expression (17) is expressed as fol| ows. Expr.essi on

191 Wi ﬁgre)lna@tfrg 3n example of a discrete Fourier transform
(DFT) is described. The discrete Fourier transformisa Fourier
transformon a discrete group, often used for frequency analysis
of discrete digital signals in signal processing, and also used
to efficiently calculate a partial differential equation or
a convolution integral. The discrete Fourier transform may be
calculated with high speed (by a computer) using a fast-Fourier
transform (FFT).

[0127]

When the input signal sampled in the phase difference
measurement section 130 is expressedbyg(n), DFT-G(k) isdefined
as follows.

[Expression 17]

Nl - fe . . -
Gk =Y gmap(=L 2T k)
& A
M- P _—
=Zg(n)(eos(z an k)-};ﬂ.z...u_‘i) e (1)
b N
k=0 N =1

[0128]

For simpler expression, when a complex exponential
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[0129] Assune that attention is focused on a conpl ex
exponential function WNnk, and N is expressed by N=2M
(M integer), and, for exanple, N=8 . Wen the input
frequency is 1/4 of the sanpling frequency, a rea
part function and an imaginary part function may be
expressed as follows by 0. 1, and -1 because of the
Fawickdicsi PR itsr ieggmressed &Y whet ifodd.owWilgymadsitdpution,
20] Real lmaginary W0 1 0 Wz O, -1 W84 -1 0 W6 O
I esEierefl@le, the input signals LPO and RPO
obtai ned by 80 frequency conversion into 1/4 of the
sanpl i ng fregquenc *Uaiﬁ be very sinply subjected to
the Fourier & orgp In normal phase neasurenent,
only a single frequency (vibration frequency) is
desirably subject to thggrourier transform and
conver si on fo&caﬂnge{jﬂd' ency--band: kg not« - (18)
performed, and heWce co tation may be perfornmed by
only addition and subtraction. [0130] In fact, when
ERELSHFIOTS| (Gral s fxPres etk dph 4 1@WS-er ence
nmeasur enent section 130 is expressed by g (n) , the
i Wxpresisgieal 19 (n) is a frequency of 1/4 of the
sanpling rate, and N is expressed

¥t

G(k)=2;(u)~ﬁ";* T e e (19)
ad

[0129]

Assume that attention is focused on a complex exponential
function WNnk, and N is expressed by N=2M (M: integer), and,
for example, N=8. Whenthe input frequencyis1l/4 of the sampling
frequency, a real part function and an imaginary part function
may be expressed as follows by 0. 1, and -1 because of the
periodicity of trigonometric functions.

[Expression 20]

Real Imaginary

1 0

0 -1

-1 0

0 1 (20)

Therefore, the input signals LPO and RPO obtained by
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by N=2M (M integer), DFT-G n) may be conmputed as

follows. [Expression 21] Calculation of real part

(Re) Calculation of imaginary part (Re) XASO PX (Re)

R) 14 x x 0 94-1 X G8*.+x -1 8~ar-r X0 9,r

V-2 x 1~~~ YIp L ~~YYYYYYY~ LY~ I Y IYH Y~ T ~' ~
-.(~t.3inp " r +~s*!1 81 Even when the value of M
EHeauasey, copMarAtARalinteodpét afi bhe derBPhdRg frequency may
conpl etely change. Therefore, when M increases,

bel certrats ionp Iyays ubg eueueido c pethed Rdunderyy thiagis fioreci sTtomormal
and a conputing | oad al nost does not change. [0131]

PYhaset WRehBAYEmehgNal snaye asubgesged torédpeentgcr ettbration
Fourier transform (DFT) 1 n the procedure described

@Q@gﬁentzp? 1 FLs39RAN, SBY @&:é&'t{'ﬁ; thétﬁ%@fef erb.ﬁ%orm and

ression 22] RPO Si gna? (sin(9 +

(ORI B, £, bl oI, an
'glgggé'( ?cnc?rrlgpt{at(%';] ) mangqge +p]erH>rEmeé (bsifl ncgrglfy a%%)ltlon and
subtraction.

[0130]

Infact, whenthe input signal input tothephasedifference
measurement section 130 is expressed by g(n), the input signal
g(n) is a frequency of 1/4 of the sampling rate, andN is expressed
by N=2M (M: integer), DFT-G(n) may be computed as follows.
[Expression 21]

Calculation of real part (Re) Calculation of imaginary part

(Re)
REFOHA (Re) KEXOHE (Re)
3. X 1 ga x 0
gwl’ X 0 gM X -1
g»-—l X -1 E»z X 0
<+ (21)
I,..,,v.; x - 1 gnm\f--’ X 0
+'} gWAf‘F x 0 g”",‘ X
ReSpu—gae1® * * =gz [m=Fge o + gaetil
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222 (23) In this case, a phase angle tanbp of the

i nput signal is expressed as follows. [Expression 24]

tan 50 = R ....... .. ... ... .oo... (24) Re2

Re +Iml rnl [0132] 82 After the phase angle tanbcp of

the input signal is obtained using Expression (24),

when tan-16q is conputed, the phase difference signa

bcp maEves ovhennethe A vedsee f lodw Mat éncxreésede ffyndamental
to be nmeasured is proportional to the phase angle and

cBwpusaky opr deelst imtalcdmpletalyt hahde equBee foregndvhen M
thus is expressed as follows. [Expression 25] Q=S (t)

@n@&%a%%éldﬂﬁﬂﬁiéﬂﬂ&nﬁQﬂb@%é¥fd%M€H&§@ﬁb@@¥highprecision
coefficient associated wth™ a tenperature of the

grasy fnblitifly Y088 LiR.ERAAUERIBRARA-AR. © bop and
e drivihg %rgquency Sre substrtuted Pnto
Expr essi 528), the mass flowrate Q may be
calculipgg; The mass flow rate Q obtai ned as descri bed

above is subjected to suitable scaling and unit ,
conver ¥NER &WE AEPWe Signahet axs SRR 9 e discrete

forms by addi ng subsequent processing such as anal og
Foupder puhsefommp(RETorinsthegprocedure described above, the

RPO signal may be substituted as follows,
[Expression 22]

RPO signal:
1 . | 1 . .
—2—(s1n(0+6’x)) = 5(sm(0c))—2—exp(10c) =Re;+ jIm;  (22)

and the LPO signal may be substituted as follows.
[Expression 23]

LPO signal:
%(sin(@ +0¢+0.))= —;—(sin(é’c +89)) = —;—exp( j(6, +6¢)) =Re,+ jIm,

(23)
In this case, a phase angle tandg of the input signal
is expressed as follows.

[Expression 24]

Re,~-R
Re, Re, + Im, Im,

[0132]
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communi cation. [0133] <<Feature of Phase Measurenent

Met hod using Frequency Conversion>> According to a

feature of the phase neasurenent system in the

present invention, the signals nay be sanpled at the
sanpling interval unrelated to the frequency A of the

i nput signals which are obtained by converting, into

t he di §iftgr tissphagaangletandeof/ibe bapet sdesadigpgtained
35, the lowfrequency velocity signals which are

cetiegt ékpressieoni (4t orhatettsoli 0y senconpufédf tthe phase
pi ck-off 7 and right pick-off 8) and extracted by the

|d¥&ﬂ§¥§hdaIgmyhals@¢aﬁﬁ?3%ea@%umﬂ¢@ﬂ_therefron1_and
whi ch are input to the frequency conversion sections

110 and A, fFhgpehare ¢ herSihaCit@id St¥ee Shdi¥®red is
no filter table 1s required, and very-hi gh-speed

A Y . [ :
T R e
measur enent_ systemin th esent invention, even
T 13 TG SRS 1 PRGNSy LS SRRTESERY RE TRRde"S -
signal s which are obtained by converting, into the
diEgPrgissdiognASd, by the A/D converters 31 and 35, the
| owfrequency velocity signals which are detected by
0% (Di-BipatFl on (28} ecti on sensors (left pick-off |and

right pick-off 8) and extracted by the | ow pass
fwHelrey s (89 il i@ oukpettibhefsd f O iand asiceiated with

input to the frequency conversion
a temperature of the measured fluid.

When the measured phase angle d¢ and the driving frequency
F are substituted into Expression (28), the mass flow rate Q
may be calculated.

The mass flow rate Q obtained as described above is
subjected to suitable scaling and unit conversion and may be
output to an outside in various forms by adding subsequent
processing such as analog output, pulse output, or serial
communication.

[0133]
<<Feature of Phase Measurement Method wusing Frequency
Conversions>>

According to a feature of the phase measurement system
in the present invention, the signals may be sampled at the
sampling interval unrelated to the frequency 6 of the input

signals which are obtained by converting, into the digital
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sections 110 and 140, the frequency before frequency
conversion is neasured and then frequency conversion

is perforned. Therefore, even when the input

frequency rapidly changes, a variation in frequency

af ter f requency conversion is mnimzed, and hence

the systemis very suitable for phase neasurenent in
gigraéswhbyeth@er(Pi eonyerterschtyard 3he Rasiewnirgquency

tubes continuously changes. [0135] 84 Furt her,
vetocdtpg iond e whiahea re deiieertedt bgysheeVibnatt’Lba detection
present invention, there is little limtation on the

BBﬁ§6rs”¢:@éﬂte§'fé1E oendy yvd ke ghitpglickreggesryand dberacted
I nput S|gnals i nput to the frequency conversion

CEhQ”ﬁ Pa@gdfifgersTb§r§£@r§%r&ﬁ&*&ﬁ{ﬁhﬂ“ﬁﬂbrefrom, and

nsors ng various driving equenC|es may be

zed and co i.ng precision is _not. y
Fig- chrghe TrRifaity He ity cphvBPkicl bEEERGaf 120 ana
neasurenent %g% be alma s achi eved. [Enbodlnent %
18936]Th stRenBREUELBES 15 YRV IMRF Qi fadter table
| east one flow tube or a pair of f |ow tubes, servin
a8 redelrederand Ve thilgs spead copPUsBEd OBy MaYdPe \AFiieved
device using the vibrator 6. The neasurenent tubes 2
ahdh3ai smalidi agmpheingeekrirow.t ube or the pair of flow
tubes are alternately driven to vibrate the flow
tubes. [bm3a)Coriolis flowreter, a phase difference
and/or a vibration frequency proportional to a

Coriol £§,EREEE 2E6LLPEing to the phase measurement system in
the present invention, even when a rapid change in frequency
occurs in the input signals which are obtained by converting,
into the digital signals, by the A/D converters 31 and 35, the
low-frequency velocity signals which are detected by the
vibration detection sensors (left pick-off 7 and right pick-off
8) and extracted by the low-pass filters 30 and 34 and output
therefrom, and which are input to the frequency conversion
sections 110 and 140, the frequency before frequency conversion
is measured and then frequency conversion is performed.
Therefore, even when the input frequency rapidly changes, a
variation in frequency after frequency conversion isminimized,
and hence the system is very suitable for phase measurement
in a case where the driving frequency of the measurement tubes
continuously changes.

[0135]
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on the measurenment tubes 2 and 3 including the one

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

by a pair of velocity sensors or acceleration sensors
corresponding to vibration detection sensors

including the left pick-off (LPO 7 and the right

pi ck-off (RPO 8, to thereby obtain a mass flow rate
and/orFuuehsrtya9¢Oadih9|dotehbePhQEGUm%ﬂsu¥@m%VT Syfeem in
Coriolis flowreter includes: the frequency 85

nhaspresent imvantlith ,f ohereasuliing le 1ivjuabiynlasétie phase
on an input signal frequency of at |east one sensor
mEakuetABRLChahAPYY tisé ditdud GHdRlertydefvehecihput signals
S|gnal) input fromleft pick-off 7) of two flowrate

gﬂ%l %@bkﬁﬁeeﬁ%é{ﬁ CQBM@é%QBao%éé&oﬂsnpﬂio and 140.

nal s of t ference and/or the vibration

FRGRBICL PrSELH 01 63, U6, CRLLOA {16981 801ving

flow tubes, which are detected b the veIOC|tg
$EROHERCALS MBYa&ee T IZ5H Aih SAWULIHE (eecision is not
transmtter 120 for transmtting and outputting a
défecsedfve ghenioput §ralubased ad bapce td@heRyecision phase
nmeasured by the frequency neasurenent unit. [0138] A
wehetirenenenmay degnidwalsoacaiawede, i nput signal
(outlet-side velocity signal) input fromleft pick-off

TEmbcdTmeae 39f the pair of vibration detection
sensors (Ieft pi ck-off 7 and right pick-off 8) is

convert%q Tto a digital signal by the first AD
converter g The first frequency conversion

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

[0137]

The Coriolis flowmeter includes: the frequency
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section 110 is provided for frequency conversion to
perform addition (or subtraction) on the frequency e

of the input signal based on the output frequency 6Xn
output fromthe transmtter 120. Further, a velocity
sensor signal (for exanple, input signal (inlet-side
velocity signal) input fromright pick-off 8) from
neRsereRen b unifel pAifororeas wr g anf TRIRNTIODRA§EAYY 8n 1nput
(left pick-off 7 and right pick-off 8) is converted

sigoad firgiqtahcy 86f sagnbéady ohe ssverd Mdr craegier input
35 to obtain an input signal- frequency (0+6(p) . The
€608l (S aauanNGi dOReabsiey seghadn it fsopr Dyftedick-of £
for frequency conversion to perform addition (or

Z}thf aGld ‘i”'i)owoga{:gesiﬁﬁéc'is Sgdndd Qﬂ)uﬁr/‘ﬁ)’céﬂiféfﬁ)éon on two

ased on the output Trequency GXn output fromt

. h ) 1 f f \ .
GRUET A28, S B B O0A2 e, vibracion

hase difference between a first frequenc nmodul.at i on
Eraﬂ‘aﬁnsm BFRBATBYORBAVEPSEBR ggr&oggﬁsggﬁtcef P& e the

signal by the first frequency conversion section 110
medsurevedhdtubesqieney Fobet Bedbrg sk pabuthitt kv Lubes,
converted constant frequency signal fromthe second
Whieghensy detecees by ttecvedncitflsemptdhor, thaacigirifation
processi ng apparatus 100 is provided to obtain the

penaser g bl erbptmeetet e of igstrineqiestyg and outputting
nodul ati on signal output as the converted constant

LT QQUERCY ffé'gﬁ@ctf EQgnbAepheatod teRUeReYueaBYCnEA8Ered by
section 110 a t he
the frequency measurement unit.

[0138]

A velocity sensor signal (for example, input signal
(outlet-side velocity signal) input from left pick-off 7) from
one of the pair of vibration detection sensors (left pick-off
7 and right pick-off 8) is converted into a digital signal by
the first A/D converter 31. The first frequency conversion
section 110 is provided for frequency conversion to perform
addition (or subtraction) on the frequency 6 of the input signal
based on the output frequency 6Xn output from the transmitter
120.

Further, a velocity sensor signal (for example, input
signal (inlet-side velocity signal) input from right pick-off
8) from the other of the pair of vibration detection sensors

(left pick-off 7andright pick-off 8) isconvertedintoadigital
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second frequency nodul ation signal output as the

converted constant frequency signal fromthe second
frequency conversion section 140, to thereby serve as

the Coriolis floweter. 87 [Description of Synbol s]

[0140] 1 Coriolis flowreter 2, 3 neasurenent tube 4
detector 5 converter 6 vibrator 7 left velocity ,
sdgned by thiegaeconfideil goswrsser 35 ttenpbEainran dapysrsignal:
10 drive control section 11 phase neasurenent section
FZegaepelyat &+ &p Neadinceseadnd drteiquenc3dOcoBderoiopssstion 140
filter 31, 35 A/D converter 70 vibration detection

3%”?96v§@e&i boat f AEqYSh @ i dohved iiain cepetifogmdadddieion (or
85 frequency conversion section 90 transmtter 95

RS adichiban egﬁ%@ﬁﬁ%b%”@iﬁnéﬁiﬂreq%c? 982k¢p) based on the
processi ng apparatus 110 frequency ‘convérsi on section
output frequency 6Xn output from the transmitter 120.

[0139]

The phase difference measurement section 130 is provided
to measure a phase difference between a first frequency
modulation signal obtained by conversionas a constant frequency
signalbythefirstfrequencyconversionsection110andasecond
frequency modulation signal output as a converted constant
frequency signal from the second frequency conversion section
140.

Further, the signal processing apparatus 100 is provided
to obtain the phase difference between the first frequency
modulation signal output as the converted constant frequency
signal from the first frequency conversion section 110 and the
second frequency modulation signal output as the converted

constant frequency signal from the second frequency conversion

section 140, to thereby serve as the Coriolis flowmeter.
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111 nultiplier 112 low pass filter 120 transmtter 88
130 phase difference neasurenent unit 140 frequency
conversion section 150 clock 160 frequency neasurenent
section 161 nultiplier 162 | ow pass filter 163
transmtter for frequency neasurenent FIG 1 85
FREQUENCY CONVERSI ON SECTI ON 90 TRANSM TTER 95 PHASE
D 5 ERENCEONVEAS URENEMIS SECTI ON (1) | NPUT FREQUENCY
(2) TRANSM TTER FREQUENCY (3) FREQUENCY AFTER
FREQUENCM CONVERSION FIG 2 110, 140 FREQUENCY
CONVERSI ON SECTI ON 120 TRANSM TTER 130 PHASE

DI FEERENCE MEARKREMENT SECTION 150 CLOCK FIG 3 110
140 FREQUENCY CONVERSI ON SECTI ON 120 TRANSM TTER

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 detection sensor

80 vibration velocity signal computing device
85 frequency conversion section

90 transmitter

95 phase difference measurement unit

100 signal processing apparatus

110 frequency conversion section

111 multiplier

112 low-pass filter

120 transmitter




89 130 PHASE DI FFERENCE MEASUREMENT SECTI ON 150 CLOCK
160 FREQUENCY MEASUREMENT UNI T (1) COVPUTI NG SECTI ON
FIG 10 200 | NI TI ALI ZE PARAVETERS SET TARGET FREQUENCY
AFTER FREQUENCY MODULATI ON 210 SAMPLE SENSOR S| GNALS
220 MEASURE FREQUENCY 230 CALCULATE OUTPUT FREQUENCY
OF REFERENCE SI GNAL BASED ON NMEASURED FREQUENCY 240
O EPRaTee REFERENSECS| TRAEUT @Ben PERFORM FREQUENCY
MODULATI ON 260 PERFORM PHASE MEASUREMENT FIG 11 111
M TE Pedridhc 18ofveFERON 13e¢ PO S| GNAL (2) REFERENCE
SIGNAL (3) SIGNAL AFTER FREQUENCY CONVERSION FIG 12
120 JRAMSM TTER 90 161 MULTIPLIER 162 FILTER

160 frequency measurement section
161 multiplier
162 low-pass filter

163 transmitter for frequency measurement

FIG. 1

85 FREQUENCY CONVERSION SECTION

90 TRANSMITTER

95 PHASE DIFFERENCE MEASUREMENT SECTION
(1) INPUT FREQUENCY

(2) TRANSMITTER FREQUENCY

(3) FREQUENCY AFTER FREQUENCY CONVERSION

FIG. 2

110, 140 FREQUENCY CONVERSION SECTION
120 TRANSMITTER

130 PHASE DIFFERENCE MEASUREMENT SECTION

150 CLOCK

FIG. 3
110, 140 FREQUENCY CONVERSION SECTION

120 TRANSMITTER
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163 TRANSM TTER FOR FREQUENCY MEASUREMENT (1) | NPUT
SIGNAL (2) OUTPUT WAVEFORM OF TRANSM TTER FOR
FREQUENCY MEASUREMENT (3) FILTER OUTPUT FIG 13 5
MASS FLOMWETER 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 SI GNAL
139 VI BRASERDIRFERENCE - MERSUREYENT TYECSTERAL (5)
TEMPERATURE SIGNAL FIG 14 18 DRI VE CIRCU T 23
CEYPUTEMECREVI CE 27 TEMPERATURE MEASUREMENT Cl RCUI T
(1) DRIVE SIGNAL (2) LEFT VELOCI TY SIGNAL (3) RIGHT

YEbOC! FNESUENAE ARASOREMENPERATTRE SI GNAL  (5) ANALGCG
QUTPUT (6) PULSE QUTPUT FIG 15

(1) COMPUTING SECTION

FIG. 10

200 INITIALIZE PARAMETERS
SET TARGET FREQUENCY AFTER FREQUENCY MODULATION

210 SAMPLE SENSOR SIGNALS

220 MEASURE FREQUENCY

230 CALCULATE OUTPUT FREQUENCY OF REFERENCE SIGNAL BASED ON
MEASURED FREQUENCY

240 GENERATE REFERENCE SIGNAL

250 PERFORM FREQUENCY MODULATION

260 PERFORM PHASE MEASUREMENT

FIG. 11

111 MULTIPLIER

112 FILTER

(1) INPUT SIGNAL

(2) REFERENCE SIGNAL

(3) SIGNAL AFTER FREQUENCY CONVERSION

FIG. 12

120 TRANSMITTER
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32 PHASE DI FFERENCE MEASUREMENT UNIT 33 TIM NG
GENERATOR 36 FREQUENCY MEASUREMENT UNIT 40 COVPUTI NG
DEVI CE (1) LEFT VELOCITY SIGNAL (2) RIGHT VELOCI TY
SIGNAL FIG 16 50 COVPUTING DEVICE 51, 54 NOTCH

FI LTER 52 PHASE DI FFERENCE MEASUREMENT UNIT 53
FREQUENCY MEASUREMENT UNIT 55 CLOCK (1) LEFT VELOCI TY
SPGNALMULZYPREIERT VELOCI TY SIGNAL FIG 17 60

COVPUTI NG DEVI CE 61, 64 BAND-PASS FI LTER 62 PHASE

D5 EFERERCEEREASUREMENT UNIT 92 63 FREQUENCY
MEASUREMENT UNIT 65 CLOCK (1) LEFT VELOCI TY SI GNAL
(es R SRANYREPEER YFOR REQEBBNEY aMARSUREMANSI gnal

processing nethod for a Coriolis flowreter in
(1) INPUT SIGNAL

(2) OUTPUT WAVEFORM OF TRANSMITTER FOR FREQUENCY MEASUREMENT

(3) FILTER OUTPUT
FIG. 13
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. 14

18 DRIVE CIRCUIT

23 COMPUTING DEVICE

27 TEMPERATURE MEASUREMENT CIRCUIT
(1) DRIVE SIGNAL

(2) LEFT VELOCITY SIGNAL

(3) RIGHT VELOCITY SIGNAL
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whi ch at | east one flow tube or a pair of flow tubes
which is included in a neasurenent flow tube is
operated by a driving device using a vibrator to
alternately drive the at |east one flow tube or the
pair of flow tubes, and a phase difference and/or a
vi bration frequency proportional to a Coriolis force
bt | NTEMPERRTURE | EEGNAIone fl ow tube or the pair of
flow tubes are/is detected by a pair of velocity
sENSOrmNALO®@ gurpuDdf  accel erati on sensors which are
vi bration detection sensors when the at |east one
fépw tppes®rogfegpai r of flow tubes is vibrated, to
t hereby obtaina mass flow rate and/or density of a
fluid to be neasured, the signal processing nethod
bei ng characterized by conprising: neasuring a
frequency based on an input signal frequency of at
YE&stldne of the vibration detection sensors, of two
flow rate signals obt ai ned by A/ D conversion on two
3Aput BHAPRIRIFGERENEE dﬂ%%u%lg¥$%'¥etﬂ§%rand/or t he

vi bration frequency proportional to the Coriolis
3drce BINING GENERRETOR | east one flow tube or the
pair of flow tubes, which are detected by the pair of
yé!l oCi *FIECERSOY SMEASUREMENT rUNIT accel erati on sensors;
transmtting a control signal based on the neasured

i pequepssypuPehd opEige conposi te frequency conversion
based on the 94 transmtted control signal to each of

&f? tWBE§+8?ﬁ£8é§T ng@ﬁ%heobtained by A/ D conversion
(

n' the 1nhp Si gna phase
2) RIGHT VELOCITY SIGNAL

FIG. 16

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. 17

60 COMPUTING DEVICE

61, 64 BAND-PASS FILTER

62 PHASE DIFFERENCE MEASUREMENT UNIT
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di fference and/or the vibration frequency proportiona
to the Coriolis force acting on the at | east one flow
tube or the pair of flow tubes, which are detected by
the pair of velocity sensors or the pair of

accel eration sensors; and neasuring phases froma sum
signal or a difference signal of each of controlled
€dnver FREQEENPO NMEASYREMENNCVRET to thereby obtain a
phase difference signal conponent. 2. A signa

@5 ocesCLOCK net hod according to claiml1, characterized
in that the sumsignal or the difference signal of

each ofp#heyeosyert esr@eaposi te frequenci es obtai ned
by the perform ng conposite frequency conversion

p§§ed fetrPevribefeyi §t@gacontrol signal is controlled

so that a sumconponent or a difference conponent of

a conbi ned conposite conponent s constant. 3. A

signal processing nmethod according to claim1 or 2,

wherein the perform ng conposite frequency conversion

based on an arbitrary oscillation frequency

conprises: multiplying an i nput signal SINel fromthe

one of the vibration detection sensors by the |
transmtted control signal cose2; and extracting only |
a |l owfrequency signal froman output 95 signa

output after the multiplying through a frequency

filter. 4. A signal processing nethod according to

claiml1 or 2, wherein the perform ng conposite

frequency conversion based on an arbitrary

oscillation frequency conpri ses:
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mul tiplying an input signal SINel fromthe one of the

vi bration detection sensors by the transmtted contro
signal cose2; and extracting only a high-frequency

signal froman output signal output after the

mul ti plying through a frequency filter. 5. A signal
processi ng nmet hod according to claim11, wherein: the

i nput signals of the phase Cdigfifnsr ence and/or the

vi bration frequency proportional to the Coriolis force

acti ngA ehghédr ptodemsingpmetfHoavfiodba Coribdipafiowheter in
flow tubes, which are detected by the pair of

¥Bheni 4y mero%@rﬂfdmetnaeroiafa pee o &loantapasokBich is
are sanpled by the A/D conversion to obtain digital

$hang é ﬁ@%ﬁ\g{/ nt?%rﬂé’ g PSS nge‘;:é@gaeﬂﬁ’a driving

S|gna S perform ng conposit

h
R I P
([ fce componen of o ot g, Corpel i3 COMONERL, e

6. A signal processing apparatus for a Coriolis

andvret @vilga b iewdirequenclycpsepereionaly tueCpriqlis force
pair of flow tubes which 1is included in a nmeasurenent
ftewngube tlse epelated bye of kbw tiubg ottevhe galst wf flow tubes
vibrator to alternately drive the at | east one flow

EHE? i8r gehecraidr pf af W rt Wiesse 1ty s rl fderens®ir of

an d/or a vibration frequency proportlonal to a

tégtaﬁratg.ghgﬁeer% d Qﬂ Qﬂ atr%evﬂ dePectliBW ddHirs when

e pair Wtu are etected by a
l Octl. tZl.%as ng’r?er f?. wruss %%l t‘iahér’ltplac:’Lr% SFH %y 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:

measuring a frequency based on an input signal frequency
of at least one of the vibration detection sensors, of two flow
rate signals obtained by A/D conversion on two input signals
of the phase difference and/or the vibration frequency
proportional to the Coriolis force acting on the at least one
flow tube or the pair of flow tubes, which are detected by the
pair of velocity sensors or the pair of acceleration sensors;

transmitting a control signal based on the measured
frequency;

performing composite frequency conversion based on the
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which is a vibration detection sensor when the at

| east 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 neasured, the signa

processi ng apparatus conprising: a frequency

measurenent unit for neasuring a frequency based on .
ananspitted grait Halegignay s each| @b sheohwd dfllawgate signals
vi bration detection sensors, of two flow rate signals
obtained by MWD caprarrisimprothewdnpopusignghal of ofhe phase
the phase difference and/or the vibration frequency

Q5 perEhe8 A nd ot Re1eCoi boht Soh A requattdy pgoportienal to the
| east one flow tube or the pair of flow tubes, which

8683 f&gqudcéjﬁcttqﬁlgvghocﬁ{é UtSEESOF dile ENBw tube or the pair

acceleration sensor; a transmtter for transmtting

a outputting.a desired, f ' :

PR AL bRy W st Sy e rREA R B e R R YEIRE AR semoors
unit; a frequency conversion section for, perform ng
prelhenegirceiverseoRTAEI9RISEBFOLEht PREt) an out put
frequency of the transmtter to (or from each of the

i nput ®egaursngfpharephizen a gpmF ¥gRabREA SidLsrepse signal
vibration frequency proportional to the Coriolis

bar eacdctomgconttbkled keastrbrd foowosite diraduerpghHigs, to
of flow tubes, which are detected by the velocity

$6B$byObbthhe acpaheeatigfiegenser signdlacphpsaent.

di fferénce nmeasurenent section for nmeasuring a phase

di fference between frequency signals, which are

detected by the velocity sensor or the acceleration
%gnsorA agggggieuﬂggkessing method according to claim 1,
characterized in that the sum signal or the difference signal
of each of the converted composite frequencies obtained by the
performing composite frequency conversion based on the
transmitted control signal is controlled so that a sum component

or a difference component of a combined composite component

is constant.

3. A signal processing method according to claim 1 or 2,
wherein the performing composite frequency conversion based
on an arbitrary oscillation frequency comprises:

multiplying an input signal SIN61 from the one of the
vibration detection sensors by the transmitted control signal
cosB82; and

extracting only a low-frequency signal from an output
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by conversion by the frequency conversion unit. 7. A
signal processing apparatus for a Coriolis flowreter

in which at |east one flow tube or a pair of flow

tubes which is included in a neasurenent flow tube is
operated by a driving device using a vibrator to
alternately drive the at |east one flow tube or the
pagnabioutipow afbes themult ipkwing threnghce fraauepey£ilter.
vi bration frequency proportional to a Coriolis force
acting on the at |east one flow tube or the pair of

flow tubes are/is detected by velocity sensors or

accel efagq §ep§@ééss i Ghe & VA b Gt dl Dy ded eeldim 1 or 2,
sensors mhen the at |east one flow tube or the pair

?%eié?ﬂ'&ﬂg ffo%% ?ty&éﬁéé?#%l“{?gheé¥§iﬁéhééf§¥5h based

ow rate a measur ed

| processi ng. apparatus _conprisin
OB cRl D HEREE, SRERCLAREPR, b EREgER .%amﬁr%?%aUency
based on_an input signal freguency of at_|east one
Che vi BRAEIBHYIRG: 8 1ORNG FAGRAL SN hof FPBHGRE ot the
signal s obtained by A/D conversion on two input
vignat sonfdetrcipins setistirsr briddatapasmiggedhgontrol signal
vi bration frequency proportional to the Coriolis force
ect6ng andthe at | east one flow tube or the pair of
fl ow tubes, which are detected by the vibration

det ect éﬁ@r&@ﬁaﬁﬁ@%n%{ td HIYH-etrRiquiedicyt EAGRATLL EFeg @ntbutput
outputting a desir frequency signal based on the

%Egﬂ&f SHEES e hife { EPLRY Shr iR E%@%ﬂ%n%?' filter.

I'FSt equency conversi o perform ng
frequency conversion to add (or subtract) an output
frequency

5. A signal processing method according to claim 1, wherein:

the input signals of the phase difference and/or the
vibration frequency proportional to the Coriolis force acting
on the at least one flow tube or the pair of flow tubes, which
are detected by the pair of velocity sensors or the pair of
acceleration sensors are sampled by the A/D conversion to obtain
digital signals; and |

each of converted composite frequency signals obtained
by the performing composite frequency conversion based on the
transmitted control signal is controlled so that a sum component
or a difference component of a combined composite component

is 1/4 of a sampling frequency for the A/D conversion.

6. A signal processing apparatus for a Coriolis flowmeter
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output fromthe transmtter to (or fronm) the input

signal frequency obtained by converting a signal of

one vibration detection sensor of a pair of the

vi bration detection sensors into a digital signal by

a first A/D converter; a second frequency conversion
section for perforn1ng frequency conversion to add
torwlsibi rate theaste ooet flowf tegaeric\a paitpef £iow twees which
transmtter to (or from the input signal frequency
obtaiciatidy inoa weidsurenersd ghelv nibanist bperatdd &y ardriving
detection sensor of the pair of the vibration

delecti @81 885 UidraltdrOtd i gbidhcsignati Y theSaeodast one
A/ D converter; and a phase difference neasurenent

?fg bgo{brr@ﬁé U#éfg 8t f’f@éetlgﬁé%)er 97:1 dEE W Prference

réquency stgnal convert y an put from

%%L%bn&fe ﬁ%%%@%%é’r?gﬁ%?%{aé’ﬁa?% GcBhE8ids force
second frequency conversion section. 8. A sugna
PEbEBI PRI Bdr i@a§tf%lae o kS itPes OF | Hhfrerst Odofiqw tubes

which at |east one flow tube or a pair of flow tubes
aiedhis detecied dovaivekogitis seasont of [agwarggderation sensor
operated by a driving device using a vibrator to
ahtiennakehyvibiraeibhedateteash samsofl|whetubieeoattheast one
pair of flow tubes, and a phase difference and/or a

¥iBLati.e8 BEGEHénFé(iPr@Eoflbﬁn@hbéé‘ 8s Gpibpht&df Of6ethereby
acting on the at Teast one flow tube or the pair of

Ek)%g’l}l@ﬁgssafl%v& §a?8t cﬁ% 8¥n@i Pgids L't 1@@@6% measured,
accel’e

Sensors or ration” sensors which are
ot Lgn et a0 sensots MER: ol U bebersl g

a frequency measurement unit for measuring a frequency
basedonan input signal frequencyof at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the velocity sensor or the acceleration
sensor;

a transmitter for transmitting and outputting a desired
frequency signal basedonthe frequency measured by the frequency
measurement unit;

a frequency conversion section for performing frequency
conversion to add (or subtract) an output frequency of the

transmitter to (or £rom) each of the input signals of the phase
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to thereby obtain a mass flow rate and/or density of a
fluid to be neasured, the signal processing apparatus
conprising: a frequency neasurenent unit for neasuring

a frequency based on an input signal frequency of at

| east one of the vibration detection sensors, of two

flow rate signals obtained by AAD conversion on two
dhplerengassd/oir the phoset ioh fireguancahpreporthenal to the
vi bration frequency proportional to the Coriolis force
aotioyisrfdite acthiegsén ake bkoledshens floe tpidve oaf the pair
flow tubes, which are detected by the vibration

et £LEN OPUBED S OkiBiclR dFangdtddedd fy dHanAdditg s¥itbor or
outputting a desired frequency signal based on the

éﬁ%qgg?g¥efgé§8ﬁegeg¥o£heaﬁ&equency nmeasur ement unit;
artirs

requency convefsion section for shifting in

[ SO Hor A S LR LA 20ek i o

one velocity sensor 100 of a pair of the vibration
phage didif exanas Betneen L xagpandy sigpass . mpich prerdetected
A/ D converter and output fromthe first A/ID

by vetochhyeenson he the pdcelergbénpysanaqiut andmktained
the transmtter to nove the input signal frequency to
Bpotbavergiefupiicyhbantlegaesegoadnfeegiiencyntonver si on
section for shifting in frequency, to a constant

frequency signal, an input signal frequency obtained

by converting a signal of another velocity sensor of

the pajrs ofn 116 M R R PGSl RN £82NS 06 Sri 8t £s 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 vibration detection sensors 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 £luid to be measured,

the signal processing apparatus comprising:

a frequency measurement unit for measuring a frequency
basedonan input signal frequencyof at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D

conversion on two input signals of the phase difference and/or
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digital signal by a second A/D converter and out put
fromthe second A/D converter, based on the out put
frequency output from the transmtter to nove the

i nput signal frequency to another frequency band; and
a phase difference neasurenment section for nmeasuring a
phase difference between a first frequency signal _ .
thﬁath@aESOHtﬁéeqbﬂgFﬁnPrPP@EEéﬁE?lsF@n&% rdpliis force
converted by and output fromthe first frequency

aonimy sirobhsext ilesstandeaf baw dndbe bregive el rspfnilow tubes,
obt ai ned as the constant frequency signal, which is

welveries dytéste@ubputhd retbideioecaeted t o eneysors ;
conversion section. 9. A signal processing apparatus

accor di RG-S Rnfil@dP Bor/tra®émPrt LG A Sﬁtéﬁﬁthﬁgtéjaie51red

t he frequency conversi on secti on corrprl ses

abpPhnt bRy Bheindfod FBY FEe iR Sl by 8% e

the first A/ D converter; and a Iom#pass filter for
PERERFEREENBEE put S|gnal obtained by the

mul tiplying by the nultiplier and output therefrom

through” &1FFEqiaiRgMerIan eFoNrESdemcEeEhigna fOT performing
| ow-frequency signal. 10. A signal processing

fppquebuy EwTor ion e efdi (0B, subtragt)gan output frequency
characterized in that the frequency conversion section
6QEPpLt SEFoma tHel tdidti duyr bt (pryEpgma takeriemes signal

signal cose2

frequency obtained by converting a signal of one vibration
detection sensor of a pair of the vibration detection sensors
into a digital signal by a first A/D converter;

a second frequency conversion section for performing
frequency conversion to add (or subtract) the output frequency
output from the transmitter to (or from) the input signal
frequency obtained by converting a signal of another vibration
detection sensor of the pair of the vibration detection sensors
into a digital signal by a second A/D converter; and

a phase difference measurement section for measuring a
phase difference between a first frequency signal converted
by and output from the first frequency conversion section and

a second frequency signal converted by and output from the second

frequency conversion section.

8. A signal processing apparatus for a Coriolis flowmeter
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fromthe transmtter by an input signal SINO1 fromthe
first A/D converter; and a high-pass filter for

filtering an output signal obtained by the

mul tiplying by the multiplier and output therefrom

through a frequency filter to extract only a

hi gh-frequency signal. 11. A signal processing
appehatsademsti ogpet §loatubg, 08,a peirl@f flow tubes which
characterized in that: the frequency neasurenent
secindnudedih & atasfurddritpElew tapmdet efetatéfidyf arédtiving
A/'D converter; a lowpass filter connected to the

aab&belﬁsing%%@attr@n%m hieerh@feiyCIMBAChe at least one
measur enent~ which i s connected to the Iom#pass filter

?Tﬂygggﬂ So?”tﬁ# ggirsbgnﬁiowlpgbééon&ﬁ& éﬁ§§@§§1fference

conpar es hase O

S|n obt ai_ned by converti n of .0
380 Saridraian e Cafnpraewéﬁ?%ﬁfstgonsofr‘srﬁﬁ?as force
%ttal Si naI { the A/D converter wth a phase
aténgpen e85k 90 JLkoY (tavRe RE ERami% ofr flPUrtubes
frequency nEasurenent and outputs a difference signa
ame/ia setestgdabyt @ Had rsufs etplawityo sy s 91 e ;pair of
the lowpass filter filters an output signal output

heeslerhe i Bul ddridsy whbeh agle wibreagimndgtéction semsors when
extract only a |owfrequency signal; and a phase

aERUY 1¥8k &nhd lf‘i@@a%@'oﬂ&ﬁ@ﬁaﬂﬂ%ﬁfqu t§bes is vibrated,
gener ated based on the | owfrequency signal output
Eroghgpgby obtain a mass flow rate and/or density of a fluid
to be measured,

the signal processing apparatus comprising:

a frequency measurement unit for measuring a frequency
basedonan input signal frequency of at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the vibration detection sensors;

a transmitter for transmitting and outputting a desired
frequency signal basedonthe frequencymeasured by the frequency
measurement unit;

a first frequency conversion section for shifting in
frequency, to a constant frequency signal, an input signal

frequency obtained by converting a signal of one velocity sensor
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| ow-pass filter and al ways satisfies a condition of

V=0 by the transmtter for frequency neasurenent. 12.

A signal processing apparatus according to claim$8, 9,

10, or 11, further conprising a clock for

synchroni zing an output of the first A/D converter

and an output of the second A/D converter so as to _ |
efnehPaht zef t Hee dyjpraricn (oot iomeSonrerafinte pAigital
of -the vibration detection sensors which is output
gignalHey fa ifbtrsAV B/Dooveveetearmhd fetgiufi tfalomsthaafivgt A/D
the another of the pair of the vibration detection
gensersew)i BPaded i Puhe oudputher sapostbydV/ Butput from the
converter. 13. A signal processing apparatus according

EPafbRi ft8r %o mR lbhe lnpQE éZgnM?rf@ng'eg%gf%s%nother

measur enent secti on perfor s pProcessi ng screte

Fgé&;‘sﬁfgg%ﬁ&”m(mn or a fast Fourier transform

riolis floweter in which at | east one
flow tube or .a Pair of flow tubes which,is £n0|€€e€t' .
in a nBaSEFeREnfreRBGICY UBRIY ST BhRP aT /Tt by aF O i ¥ hit 1Y 1
device using a vibrator to alternately drive the at |
FsaauesrE. f Eowat geastanthE neguensyy SigRa lt.ufds, 1nRkfF Signal
phase di fference and/or a vibration frequency
freguehcynabtained Qo iconvertdingea signal of ahether velocity
| east one flow tube or the pair of flow tubes are/is

geheei-edr byhy ghir tof tIRNSAbTakioncdekecatibanseasspssinto a
which are vibration detection sensors when the at

9?%§Ea@n§i§hgw be Qede M8 kopfvehitew ahklbéﬁtié/ﬁt from the

rated, To thetreby obtain a mass flow rate and/ or

gggélnhyAﬂ:; c%ntflegitgrt, Onéjgec{%ﬁstl:ﬂg gutput frequency output from

the transmitter to move the input signal frequency to another
frequency band; and

a phase difference measurement section for measuring a
phase difference between a first frequency signal obtained as
the constant frequency signal, which is converted by and output
from the first frequency conversion section, and a second
frequency signal obtained as the constant frequency signal,
which is converted by and output from the second frequency

conversion section.

9. A signal processing apparatus according to claim 6, 7,
or 8, characterized in that the frequency conversion section
comprises:

a multiplier for multiplying a reference signal cos®2
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the Coriolis f |owreter being characterized by

conprising a signal processing apparatus conprising:

a frequency neasurenent unit for nmeasuring a frequency
based on an input signal frequency of at |east one of

the vibration detection sensors, of two flow rate

signal s obtained by A/AD conversion on two input .
Sromathe dfratamighase kil fheinoput ahanat SINRL ixpmithsh first
frequency proportional to the Coriolis force acting
BiDtdenertenstande fl ow tube or the pair of flow

tubes, which are detected by the vibration detection

Sensorgiow-pbadesti 1t&F rbert 11ansing hhrgutgict sigpsl idbigiined
a desired 04 frequency signal based on the frequency

$§a§ﬂéeQu?Xiﬁgg?ﬁéegye@ﬁg_mﬁﬁ%ﬁ%ﬁ?@%n%d@“dﬁtﬁﬁéiﬂHﬂrefrom,

equency co sron“section fof shifting in

CRERUER Y, shRanefCRorarken by SAWERL Mi & AP igequency

one velocity sensor of a pair of the vibration
B&9B2ti on sensors into a digital signal by a first
A/ D converter and output fromthe first A/ID

converter, based on the output frequency output from
the transmtter to nove the input signal frequency to

aoot hex sfigealemycdmsmnidiy appecatast regoeddingcbavetsinm, 7,
section for shifting in frequency, to a constant

b eflU i S ze @i RPAL Shenalegheray efeyvebs pomegbction
by converting a signal of another velocity sensor of

LL.Of the vibration detection sensors into a
ggﬁP?g%égfgnal by a second A/ D converter and out put

fromtQemultiplier for multiplying a reference signal cos62

from the transmitter by an input signal SIN61 from the first
A/D converter; and

ahigh-pass filter for filtering anoutput signal obtained
by the multiplying by the multiplier and output therefrom,
through a frequency filter to extract only a high-frequency

signal.

11. A signal processing apparatus according to claim 8, 9,
or 10, characterized in that:
the frequency measurement section comprises:
amultiplier connected to the first A/D converter;
a low-pass filter connected to the multiplier; and
a transmitter for frequency measurement which is

connected to the low-pass filter and inputs an output signal
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second A/ D converter, based on the output frequency

output from the transmtter to nove the input signa
frequency to another frequency band; and a phase

di ff erence nmeasurenent section for nmeasuring a phase

di fference between a first frequency signal obtained

by conversion as the constant frequency signal, which
fromuthet lovrpasshéiitest frequency conversion

section, and a second frequency signal obtained by

conver she mulst igle exn rotmpatre sf aephese ofsiagaahsonhs tgnak sind
output fromthe second frequency conversion section,

dPBaiheq bl v tOGRES EAgnaARRA Gidls £ phe\behi NGE tthe vibration
phase difference between the first frequency signa

\ b . ! t
g?%%&aﬁfgr\}m%/%%&?gé/ o bste pt] a?'%%%‘tlﬁgri?hagt b?r €RYENLY converter

out put requency

copversion section, and .the _second .freq [ :
SEPH bR By ot 8P BR SRR CaER e S FR R lemicex
signal, which is output fromthe secon ,fre%uency .
EoFVrequRrncs Measiiremsst and outputs a difference signal and

a sum signal to the subsequent low-pass filter;

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

a phase amount V of a fundamental output waveform is
generated based on the low-frequency signal output from the
low-pass filter and always satisfies a condition of V=0 by the

transmitter for frequency measurement.

12. A signal processing apparatus according to claim 8, 9,
10, or 11, further comprising a clock for synchronizinganoutput
of the first A/D converter and an output of the second A/D
converter so as to synchronize the digital signal of the one
of the pair of the vibration detection sensors which is output
fromthe first A/Dconverter and the digital signal of the another
of the pair of the vibration detection sensors which is output

from the second A/D converter.

13. A signal processing apparatus according to claim 8, 9,
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10, 11, or 12, wherein the phase measurement section performs
processingof adiscrete Fourier transform (DFT) or a fast Fourier

transform (FFT).

14. 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 vibration detection
sensors 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 frequency measurement unit for measuring a frequency
basedonan input signal frequencyof at least oneof thevibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the vibration detection sensors;

a transmitter for transmitting and outputting a desired
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frequency signal based on the frequency measuredby the frequency
measurement unit;

a first frequency conversion section for shifting in
frequency, to a constant frequency signal, an input signal
frequency obtained by converting a signal of one velocity sensor
of a pair of the vibration detection sensors into a digital
signal by a first A/D converter and output from the first A/D
converter, based on the output frequency output from the
transmitter to move the input signal frequency to another
frequency band;

a second frequency conversion section for shifting in
frequency, to a constant frequency signal, an input signal
frequency obtained by converting a signal of another velocity
sensor of the pair of the vibration detection sensors into a
digital signal by a second A/D converter and output from the
second A/D converter, based on the output frequency output from
the transmitter to move the input signal frequency to another
frequency band; and

a phase difference measurement section for measuring a
phase difference between a first frequency signal obtained by
conversion as the constant frequency signal, which is output
from the first frequency conversion section, and a second
frequency signal obtained by conversion as the constant
frequency signal, which is output from the second frequency

conversion section,
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the signal processing apparatus providing the phase
difference between the first frequency signal obtained by
conversion as the constant frequency signal, which is output
from the first frequency conversion section, and the second
frequency signal obtained by conversion as the constant
frequency signal, which is output from the second frequency

conversion section.
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