S| GNAL PROCESSI NG METHOD, S| GNAL PROCESSI NG APPARATUS, AND CORI QLIS
FLOWETER [ Techni cal Field] [0001] The present invention relates to
a Coriolis flowreter for detecting a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on a flow tube to obtain
a mass flow rate and/or density of a fluid to be neasured. [Background Art]
[ 0002] A Coriolis flowreter is a nass fl owneter based on a point

t hat a Cori olS1$NAy ARGEESITG O METHODow ST hBOSTESSINer APPRBR UEhe t o be
vibrated is referred to as flow tube) is proportional to a mass flow rate
in a case where the flow t ub&NThGORFIODAS EH-CHMETERD t 0 be neasured flows is
supported at both ends and vibration is applied about a support point in a
direction perpendicular to a flow direction of the flow tube. The Coriolis
flowmeter is well known and a shape of a flow tube in the Coriolis

fl owret er i[Tebnaadhy diwided into a straight-tube type and a
curved-tube-type. [0003] The Coriolis floweter is amass fl owreter
for detecting a pbasejdifference signal proportional to a mass flow rate in
symmetrical positions between both end support portions and central portion

of a measurenent ThubgréBeAt CASMPELE t8Eates to a Coriolis flowmeter
for detecting a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on a flow tube to obtain
a mass flow rate and/or density of a fluid to be measured.
[Background Art]

[0002]

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 flowtube. 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

central portion of a measurement tube in a case where the



measur enent tube through which a fluid to be neasured flows is supported at
both ends and the central 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 nass flow rate.
When a driving frequency is naintained constant, the phase difference
signal may be detected as a tine difference signal in the observation

posi tions akashecmeasutepenthirvhegh WAOOAla fluid Where thhesabtet NEtevadri vi ng
frequency of the neasurenent tube is nmade equal to the natural frequency of
t he nmeasur aRaRipgdtad &t BeRGlarts dhd thag dnteguensyt Lo 6espenslipibtted
density of the fluid to be neasured is obtained, and hence the neasurenent
tube may beediuvemewtt heanal | i6lrigdnarenergy. gheeef org, &ecentddsidhe
measurenent tube is generally driven at the natural frequency and the phase

di fference 'rg@%lbal%t@&ta@%@ot&elthae dirfd efaneeaskg8abncE00QRla1

The straight-"tube type Coriolis flowreter has"a structure in which, in a

case uher o 4l Bt LA0nks (aPBLERY 8 gl EBCHEANmAEEPERLCHLRE  apferpld af ght

tube axis of a central a strarght tube supported at both ends, a

di spl acerent. g fgefﬁgog&ergc¥ W sttel gt tgttstéwg;;c i ag@eatpy%@er@g' ol i s

force, that érence sl 4i ned’ tmeen the support

portion and.centra t he strai and a jmss Iom1r te is
det ect ed b5§gﬂ‘é “FWP%Ehé%%: ??%r%ﬂc% aﬁaﬁl?%? RENSEr & GhE bt 1%%e
Coriolis fI wret er .as descri bed a ov&ﬁgas a 5| E Bnpact and tough
structure. ﬁéV@FloPhgoéﬁFFBPFs PS?SBF%@ R&s HPGr obl em t hat hi gh

detection sen3|t|V|ty cannot be obtai ned. [0006] In contrast to
this, the curvediPOB&ltype Coriolis flowreter is superior to the

straight t ube tyﬁe Coriolis flowreter in the point that_ a shape for

ef fectively taki fgeButhe Rd tegriadls driying Hegawrreedcths. m%%%%t%%mﬂ ow
rate may be actually detected with high sensitivity. A conbi nati on
of a coil &nbealsmpdst egralgendit Pptusad EEedeNINPIERRSEDFUERTSA g t he
flow tube. The coil and the magnet are preferably attached to positions
whi ch are tobeof# swingtanthdnivingt Eoagdenegtdorr oFPQRLLY G & Peeause a
positional relationship deviation between the coil and the magnet is

m ni m zed. oThéreef Dued tbheaneasered ia achirajiethd, died hyppeeCdrd neéasufé¢naminet er
including two parallel flow tubes, the two parallel flow tubes are attached
S0 as to sande el he cardvandwibe meagnat drihenef cseergy desTigereé Sormade so
that the two opposed flow tubes are separated from each other at an
interval teecgsandwm chindfastehdetr €abk idngbidiaIBgaeti venat 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 supportedat bothends, adisplacement difference
of the straight tube which is caused by a Coriolis force, that
is, a phase difference signal is obtained between the support
portion and central portion of the straight tube, and a mass

flow rate is detected based on the phase difference signal.



[ 0007] O Coriolis floweters including two flow tubes | ocated in
parall el planes, a Coriolis flownieter having a |l arge dianeter or a
Coriolis flowreter having high flow tube rigidity is required to increase
power of driving neans, and hence it is necessary to sandw ch |arge
driving neans between the two flow tubes. Therefore, a design is made so
that an interval between the flow tubes is necessarily w dened even in a
fi xed end Poetsonaigihichtilse a s €porctliien fabwinheet | aw dadesibddEIRVe

As illustrated in FIG 16, a Coriolis flowreter 1 which is generally known
and i ncl udeasUas haped ayeasunmpment dndesoighl stdescaudet ecHowefer, the
f ort woU- shapedneasurenent tubes 2 and 3, and a converter 5. The

detector 4cbetiolhe mrasteesentalisdbasms? andrdblaal utdes &ivihbraxterctd dror
resonance-vi brating the measurenment tubes 2 and 3, a left velocity sensor 7

for detectgagsacyibeat bannyel Bei byrgenenated on a left side of the
measurenment tubes 2 and 3 vibrated by the vibrator 6, a right velocity

sensor 8 for detegpbhpg a vibration velocity generated on a right side of
t he neasurenent tubes 2 and 3 vibrated by the vibrator 6, and a tenperature

sensor 9 for detegtidag @ LeMPes attnie of ke  buldeborhBeTRIpHr Rthrathlish f 1 ows

t hrough the measurement tubes 2 and 3 at the detection of the vibration

Yonoor 'y EIEWHLEER! 9 Ssuldiei 4T LoV ey LYx280R0! cibe | BORE! Wl ielia0! LY

sensor 8, an erature sensor are connected t e converter 5.

P T iy 4 G A T
e "Fat R ST ERonds S0 Mt dd INenl Q8L ' PRI faf e
actually detected with high sensitivity.

A combination of a coil and a magnet are generally used
as driving means for driving the flow tube. The coil and the
magnet are preferably attached topositions which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet is
minimized. Therefore, 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
inparallel planes, a Coriolis flowmeter having a large diameter

oraCoriolis flowmeterhavinghighflowtuberigidity isrequired

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



t hereof (side on which left velocity sensor 7 is provided).

Therefore, a velocity signal detected by the right velocity sensor 8 is an
inlet-side velocity signal of the fluid to be nmeasured flowing into the
measurenent tubes 2 and 3. A velocity signal detected by the left velocity
sensor 7 is an outlet-side velocity signal of the fluid to be neasured
flowing fromthe neasurenent tubes 2 and 3. Each of the |eft

vel ocity semsgrarfvainh tleergd ghtiwielgooicaynss besoeecd whichwdeféow thees.
vibration velocities nay be an accel eration sensor. [0010] The
converter SrdrdfrerdCord aldssidr dwnmeiaele las thalbl eck isteuehlir betweeh| uker at ed
in FIG 17. The converter 5 of the Coriolis flowreter includes a

drive cont ridlovs @Gilde@n i $0ne Ge PhRBE] yRASIHRIE RIvesethi DT ikEd and potrenper at ur e
neasur enent section 12. That is, the converter 5 of the Coriolis

flowreter Rasian idRUtbaad gufgidn RET tehkd. £ Wdwdrdupessi gnal  out put term nal
16 included in the drive control section 10 is provided in the input and

output port 15. Theyodi ve control section 10 outputs a predeterm ned node
signal, fromthe dr|ve signal output terminal 16 to the vibrator 6 attached

to the measuremen Eli'@%%t%a%ea Bnlerd esl%naaC@oyiéiﬁé ¢ idindRAS Y GREBL t Ubes
2 and 3. [0011] drive signal output termnal 16 is connected to

a drive cirg 'ée&é§§f¥§nﬁgbﬁﬁlQﬁ@liﬁéfudég uTBRafElVReEELEENt 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 for detectingavibrationvelocity
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]

The fluid to be measured, which flows through the
measurement tubes 2 and 3 of the Coriolis flowmeter 1, flows
from the right side of the measurement tubes 2 and 3 (side on

which right velocity sensor 8 is provided) to the left side



18 generates a drive signal for resonance-vibrating the neasurenent tubes 2
and 3 and outputs the drive signal to the anplifier 17. The anplifier
anplifies the input drive signal and outputs the drive signal to the drive
signal output termnal 16. The drive signal output fromthe anplifier 17 is
output fromthe drive signal output termnal 16 to the vibrator 6. [0012]

A left velocity S|gnal input termnal 19 to which a detection signal of the
vi brati on ¢tBeserty geﬁérQnewhéﬁhth@fteV@1@¢ﬁéYo$e@ﬁ%rd§a§hﬂ€ﬁﬁﬁk‘#Hbes 2
and 3 vibratedby the vibrator 6 is input is provided in the input and

out put port 15. Therké&breveleoocveiosignakionpdt degrartied WP itde neldided in

t he phase neasurenent section 11. A right velocity signal input

term nal 20eflocwhiychemsateBets isonisignatidé tdieaiity ai goal el bbetflweher at ed
on the right side of the neasurenent tubes 2 and 3 vibrated by the vibrator
6 i s inputtbSbermwhseted rf1dvel i put cantdeoné patirpoent thibekhe anghs.velocity
signal input termnal 20 is included in the phase neasurenent section 11.

[0013] velotheyPbaghaleasts er@diny adid ar £kl veaokartys séhBogonves sdmn on
the vibration signals of the pair of velocity sensors in the case where the

predet er m ggd1a0de i 8RR od S0 UE BHE 1 S ORMENELEd ¢ 15¢ GRakuedtpElowRidn nal
16 to the vibrator 6 attached to the neasurenent tubes 2 and 3 to vibrate

t he neasur@ggmtthgbﬁgagugggegtbguggg yi Qrater 6, to thereby performdigital
conversi on processing, and then obtains a phase difference between the

converted signal g, fge e Qehk3340Bsh s bAPHLLENE Babni%:é soGpppect ed

to an input term na an anplifier An out put term nal

sensor 8 which detect the vibration velocities may be an
acceleration sensor.

[o010]

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

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

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

[0011]

The drive signal output terminal 16 is connected to a

drive circuit 18 through an amplifier 17. The drive circuit



of the anplifier 21 is connected to an A/D converter 22. The AID converter
22 converts, into a digital value, an anal og signal obtained by anplifying

the vibration signal output fromthe left velocity signal input termnal 19
by the anplifier 21. The AID converter 22 is connected to a conputing
[00141 Further, the right velocity signal input term nal

devi ce 23.

20 is connected to an input termnal of an anplifier 24. An output term nal
of the anpl8figemeXhties cannmboived $bganl ADTongepnance 26ibmheing Dtdenvert er

25 converts, into a digital value, an analog signal obtainedbyanplifying
t he vi br atmeassrgnaht outipest f nodm 8 lend iogittputs ddiet grivgnad gnanputo tévem nal

20 by the

anplifier 24.
amplifier 17. The amplifier amplifies the input drive signal

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

[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]

The phase measurement section 11 performs A/D conversion
on the vibration signals of the pair of velocity sensors in
the case where the predetermined mode signal is output from
the drive signal output terminal 16 to the vibrator 6 attached
to the measurement tubes 2 and 3 to vibrate the measurement

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



Further, the digital signal output fromthe A/D converter 25 is input to
the conputing device 23. [0015] Further, a tenperature signal input
termnal 26 included in the tenperature neasurenment section 11 to which a
detection value fromthe tenperature sensor 9 is input is provided in the

i nput and output port 15. The tenperature neasurenent section 12 perforns
tube tenperature conpensation based on the detection tenperature obtained
by the tenperdeyfFecBeRsOFegswhdchang shew obdailmst ve nhessurdfdfrangdses 2
and 3 and detects an internal tenperature of the measurenent tubes 2 and 3.
A resi stanbetwgpr thapepavereedenasgnals. generally used as the tenperature
sensor 9 to neasure a resistance value, to thereby calculate a tenperature.
The tenperature TShgnaft veitodignnsnghal6inmsuic drenecired L6 as tenperctad e
measurenent circuit 27. The tenperature nmeasurenent circuit 27 cal cul ates
t he internab aenpepat wermwind heofMreas ameiedt etrtubes 2amanshitobased-nameilhe

resi stance value output fromthe tenperature sensor 9. The internal

t enper at ur e£ofhé hengEEs1E e MANG st UbBEedt8At S athiangid keneakeukated byhd he
tenperature nmeasurenent circuit 27 is input to the conmputing device 23.

[0016] A/D cldhviche RS e cABasHEC MRIH 1B B9 aUSid0:d hen 6ok Bl dr-owmet er
1 as described above, vibration is applied in a primary node, to the

TeasUr emenbit UbESA 2o NG 1 Y oYt PR WINALOIod aldashes it herdipasy erent

tubes 2 and 3. Wen luid to be neasured flows into the neasurenent
tubes 2 an i i i i % émg@p 4 ced in
t he rreasurgeng%}t,\@%% %%Eg %%gﬁ%i Pllptt e%lg%%rrg? t Z“egl gnalh?filﬁlg?%is'i de
vel ocity signal) i ght velogjt i I ;

(outl et-side vel %%‘Jlé ?%7%?3’6{34 rro%?t #é %Oeﬁé% %CSC?D?)% égﬁggtgggidne\{%cee

Coriolis f&g)wrreter 1 are output as a formin which the two signals are sup
eri nposed ’

[0014]

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

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

[0015]

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

section 12 performs tube temperature compensation based on the



on each other. A signal output as the formin which the two signals are
superi nposed on each other includes not only a flowrate signal but also a
| ar ge number of unnecessary noi se conponents. In addition, a frequency is
changed dependi ng on, for exanple, a change in density of the fluid to be
measured. [0017] Therefore, it is necessary to renbve an unnecessary
signal fromthe signals fromthe right velocity sensor 8 and the |eft

vel ocity s@as&ftilon HeMp¥Latukt dotavelen i £hé eahbetra termeamddres whihebessary
signal fromthe signals fromthe right velocity sensor 8 and the left

vel ocity sensQfovidds cal atedNe-dare tubes 2 arkunt bew, defecerbal is
flowreter 1 i's often required to have very-high-precision neasurenent and

hi gh- Speediﬁﬁémecerﬁn%ﬂa%e t O S@td b SR dRIUUIRIEN Sand £ONMput i ng
(0]

devi ce having very-c ex conputation and hi gh-processing performance is

necessary, and hg st i Estgh?ggggggelséﬁgégfig:@éﬁ@ﬁéﬂ@@pgggbye.

Thus, the Coriolis ownet er requites an established ‘phase difference
measur enment thod us_ing both opt, @h@h%%eé Alyays fil 0.8 to
neasureneﬁ?sgﬁghggwgﬁrgﬁgrg ﬁ?ﬁﬁggpgé%ﬁgbnpu Png et hod ?0018] ' I'n
conventionq$%$ ase 'ffergnce neasur enent met hods of cal culating a flow
rate, a fiFrerepf LR Fet hod™3F-FeMovi ng noise is divided into a method
using an analog filter and a net hod usin Sj ital fiJter, The
met hod usi ng t he' 3t TPFIFHEre iy rlé'&lé%l quﬂ}mir}?elxéeetnsllsveco e teFor
exanpl e, Japanese Patent Application Laid:qgen 327 02%364i% ang‘ apanese
Pat ent AppF? cat itEAPEERPEUEFe MINS U IRRSH3 AU Howeler , T35paT8%E Pat et
Application Laid-open No. 02-66410 and Japanese Pateni |'ication
Lai d- open MERsSUDEHEE0 T2 UsaE 87) Ft FULEe Fvtsy aRERED B r FUPRRIREI DY Yhe
filter, and hence, there is a problemthat the filter is not sufficient for
t he Cori ol ike flheagmwtement 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, vibration is applied inaprimary
mode, to the measurement tubes 2 and 3, from the vibrator 6
attached to the measurement tubes 2 and 3. When the fluid to
be measured flows into the measurement tubes 2 and 3 while the
vibrationis applied, a phasemode is produced in the measurement
tubes 2 and 3.
Therefore, the signal (inlet-side velocity signal) from
therightvelocitysensorEBandthesignal(outlet—sidevelocity

signal) fromthe left velocity sensor 7 in the Coriolis flowmeter

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



[ 0019] In recent years, a large nunber of Coriolis flowreters using
digital signal processing have been devel oped, and the nethod using the
digital filter has been devel oped as the filter processing nethod of
removi ng noise in the conventional phase difference neasurenent nethods of
calculating the flow rate. Exanpl es of conventional types of the
Coriolis floweters using digital signal processing include a nmethod of
measuri ng en pleEse arsiery aAFeughet owugpst casntised oo inewhishe thgapufaese
Pat ent No. 2799243) and a nethod of selecting an optinumtable fit to an

i nput freqieneyl § nem $updermpadd @ oni aethudithg raimot ehe s inatepnand a8lpdand- pass
filter to measure aphase (see, for exanple , Japanese Patent No. 2930430
and JapanesgcdateghaNobud2HAlsd) .a[ 06268 nihdee Mfasuneseassdky hodiesi ng

Fourier Transfornt A converter of the Coriolis flowreter based on
the phase ¢massiament TRt Hedi tsbng ot heefoeanterid cnangeddmndiny ook
structure as illustrated in FIG 18. In FIG 18, the left velocity

signal i npggdy, te%{a‘?ﬂﬂl@ 39-REAY¥E OB ddhdihg, bPHhe ANt DatHI bepebstizetio Whi ch
the detection signal of the vibration velocity (outlet-side velocity

signal) which is rated on the left side of the neasurenent tubes 2 and
3 vibrated by the V|brator 6 and which is detected by the left velocity
sensor 7 is inp P83 bkt el udQecdb8a Lowinass filter
30 is a ci rcuit%]%érrseex rafc {‘%ﬁﬁo rouagw ?\i\“gquencyu tI‘Bct:er o§r)1 y@g

| o f1requency el vl oLy sy 4l wc' fligige valagll y shanald 1teem the.

| eft vel oc e ve OCI y SI out put ron1the | eft

velocity sensor, 7 detecti e V|brat on. vel oci t e | ef t
si de ofytﬁﬁgﬁﬂé%ﬁwéﬁﬁﬁPrt bes 'S 3t Hjiﬂsrga ﬁhere ?Eégﬁggg%ggﬁent

tubes 2 and 3 are vibrated by the vibrator .
unnecessary 81gnal)%rom the éﬁgnals ér 'ghe 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—precisionjneasurement,and]nigh—speed:response.
Inordertosatisfysuchrequirements,acomputingdevicehaving
very-complex computation and high-processing performance is
necessary, and hence the Coriolis flowmeter 1 itself is very
expensive.

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

[0018]

In conventional phase difference measurement methods of
calculating a flow rate, a filter processing method of removing
noise is divided into a method using an analog filter and a

method using a digital filter.



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

vel ocity signal obtained as the digital signal by conversion by the A/D
converter 31 is input to a phase difference neasurenent unit 32. The
A/ D converter 31 is connected to a timng generator 33. The timng
generator 33 generates a timng of sanpling Mtinmes (Mis natural nunber)

the input frequenme dd824 using tKItAEOIHer hanger the, rbghteyat 06ty
signal input termnal 20 provided in the input and output port 15 to which
t he det ect iiore-gpagnai veof (ddwe, vidy adtaxpVe) oTapyndsal pAesntenppl deat yosi gnal )
which is generated on the right side of the neasurenent tubes 2 and 3

vi brat ed byLaitke apdstr afNor. 60and6whpchand detreotestt bpathatr i bhpliehbtony
sensor 8 is input is connected to a |lowpass filter 34. The |ow pass filter
34 is a ci kY RN exd?act LAgPOBREGUgh a flcsgyedey fiaragtesnl Jabehow

frequency rjight, velocity signal (inlet-side velocity signal) fromthe right
Vel aci Ty s PR LG icEt - LPaEooReBi 19: 51 Gheh 94 St A 1 TORRERES | BRESVE oc ity
sensor 8 deleating Lhe uiibration.wel gl Ly generaledon,phe rLobt side of

e neasur enen ubes and i'n"the case "wher € 't he neasurefmnen ubes 2 and

3 are VibrQﬁ%ﬂp@%f%ﬂ%dﬂc@r@EOEhé'f£P@g§] and henégvath@Wép§§safbkéﬁie§4 i's

connected to an A/D converter 35. The A/D converter 35 converts, into a

digital sigmalt theeriight Mehoki b¥rshgnahtWhbeitHes coecanal egowhenal . out put
fromthe |lowpass filter 34. The right velocity signal obtained as the

digital signal by omasversion by the A/D converter 35 is input to the phase
di fference neasurenent unit 32. Further, the A/D converter 35 is
connected to theln weagngeyeansora 3IRrchaubamgigéneiaios 83ogenakeastes a

timng of sanpling Mtinmes (Mis natural nunber) the input frequenc%/.
[ 0024] 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 phase
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 (see, for example, Japanese
Patent No. 2799243) and a method of selecting an optimum table
fit to an input frequency from filter tables including a notch
filterandaband-pass filter tomeasure aphase (see, for example,
Japanese Patent No. 2930430 and Japanese Patent No. 321912).

[0020]
<<Phase Measurement Method using Fourier Transform>>

A converter of the Coriolis flowmeter based on the phase
measurement method using the Fourier transform has a block
structure as illustrated in FIG. 18.

In FIG. 18, the left velocity signal input terminal 19
provided in the input and output port 15 to which the detection

10



Further, the right velocity signal input termnal 20 provided in the input
and output port 15 to which the detection signal of the vibration velocity
(inlet-side velocity signal) which is generated on the right side of the
measurenent 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
measurenment unit 3 6 . The frequencyneasurenent unit 36 neasures the
frequency gighhe cfetretiilriigraledbcibe (dubrlatt-en deevetotyty isilgerlsi de

vel ocity signal) which is generated on the right side of the neasurenent
tubes 2 angh3cui bs afakyrddervidncatert6sand ahitie ineadatestett hybelse ri ght
vel ocity sensor 8. The frequency neasurenent unit 36 is connected to

the tim ng;0gAEr gt PfprB33ced N6y f FiRAUSNSYa tBASHIrAH hidie fy eptenaied by
measurenent unit 36 is outpu¥ to the timng generator 33. The tim ng of

sanpling PpLi{Es. (\Mlio%i@%é Weakopuher Jnphe i HRWnid@euEensya ilmwenessat ed by

the timng generator 33 a output to the A/D converters 31 and 35.

The phase differenpe ‘fﬁ%fﬁf&@@é‘és ¥Rt 323 o 111€a tdiPAM HIEHBIBLHactIngAnd the

frequency neasurenent 6 are included in a phase neasurenent conputing

device 40. _[0025 ln t S rement, gﬁﬁdlg Engthe dkouri er
transfornaE#F?Hg%ﬁﬁfggﬁHEPEy'%ﬁ%ggﬁb%Fh u Li'salgnal In t-s?de velocﬁ?y
signal) fromthe right velocit ensor 8.is_fir ' t he fdequency
neasurenen?lﬁﬂﬁi é%gF%eﬁéﬁéﬁ?egﬁf??%ﬁﬁe%%%paﬂ%e %?%gﬂﬁ%évgﬁ%asure y the
frequency neasurenent unit 36 is _input to the tim ener at Qr _33. e
timng of §éﬁﬁﬁ?ndOPElFFﬁ§§dFMWQQQé%H%zﬁl er?ugﬁggigﬁﬁ 3?%h3%ﬁ§5 i's
generated by the tim ng generator 33 and inBut to the AAD conveg;q{§131 and
35. velofiEyheensehe ARG SgndiPortERB VFbPaT PO ST SISy
(outlet-side velocity signal) which is generated on the |left side of the
neasur enenent upe sl of fd d& tH5t BEABHT§REThet WPRF t2PR gndl by GHier si on
by the A/D converter 31 and the detection signal of the vibratjon velocity
(i nl et - si deheebddid pessynampnitiwies 8 aphérafedibkatre BY GhE G t he
measurenent tubes 2 and 3 and obtained as the digital signal by conversion
by theA/D 6onverter 35 are input to the phase differenceneasurenent unit
32. The detection signals are Fourier-transfornmed by a discrete Fourier
transformunit inooepprated in the phase difference neasurenent unit 32 and
aphase difference is conputed based on a ratio between a real conponent and
i magi nary conpongnt Ddwijessomierdredosignabsne¢08@6jo an A/D converter
31. The A/D converter 31 converts, into a digital signal, the
left velocity signal which is the analog signal output from
the low-pass filter 30. The left velocity signal obtained as
the digital signal by conversion by the A/D converter 31 is
input to a phase difference measurement unit 32.
The A/D converter 31 is connected to a timing generator
33. The timing generator 33 generates a timing of sampling
M-times (M is natural number) the input frequency.
[0022]
onthe other hand, the right velocity signal input terminal

20providedintheinputandoutputportlStowhichthedetection

signal of the vibration velocity (inlet-side velocity signal)
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"Phase Measurenent Method using Digital Filter" Converters of the
Coriolis floweter based on the phase neasurenent nethod using the digital
filter are described with reference to block structural diagrans
illustrated in FIGS. 19 and 20. Frequency sel ection neans such as a
notch filter or a band-pass filter is used as the digital filter. An S/N
ratio of an input signal is inproved using the frequency sel ecti on neans
such as t hehaghchs fgdnearatmd ome thandi gl sifdd odr the measupgnenyg gubes
illustrates a block structure of a converter of the Coriolis flowreter
usi ng the Aotol Bilikraasdthe dhgi vabrdidt ef .and which Tie detmategshdiout put
port 15, the left velocity signal input termnal 19, the right velocity

si gnal i npuhetetdhthak12@,tiyhechevr Bass frguteris Stnmed:Sd toaad dvhepatysD
converters 31 and 35 as illustrated in FIG 19 have the same structures as

the input andtewtyput pokt1db,pide figftlervel ad &y idianal forpittdarmimal 19,
the right velocity signal input termnal 20, the |owpass filters 30 and

34, and t henfbRgRANYLELEERCY T ARG B350rBy bl 1 tipt fadQebndly FiGhtMblocity
respectively. [8027] : Y In FIG £§? the A/D converter 31 is connected

to a notchgf phber (?ﬂla}fﬁrih%%agtGglééiﬁﬁrsﬁ}néﬁj eftSm A SSUANC Ydasetpn the

| eft velocity signal I's obtained as the digital signal by conversion

by the A Dsgzgﬁﬁrt<%1%}rﬁsiaea%,é]gﬁit ro%lggﬁauﬁf Bhﬁgakof%martﬂen%gﬁé gnal

to be outpu e notch I's connected to a phase

Teasur ement, YBLE 9% 06y ANARG JIRAYMY RHRNL 0L 37 JEASULEY Sblitacel the

| ef t veIocY?y Si g ich is o igrt Sig y conversion

and which is j.nprov in . S/IN.ratio by the natch.filte . rther,
the notch PP ?lg‘g %]fﬁﬁ:s S&Qﬁnggt@aet“be%s%ﬁeer“qetflgcn%ybﬁg’aéu‘{rlré(?n]sgntmu%ﬁ %%%:&The
frequency npasurenent unit 53 measures a.freguen f the left.velocity

si gnal whi ¥RSFS %ﬁﬁ?ﬁ@Hrﬁg‘eflﬁet i ?aﬁn%lf}gﬁfé Vﬁ§¥8gﬁ\§e]?%itoﬁ HE i eh i s

i mproved ig S/Nratio by the notch filter 51.

[0023]

The low-pass filter 34 is connected to an A/D converter
35. The A/D converter 35 converts, into a digital signal, the
right velocity signal which is the analog signal output from
the low-pass filter 34. The right velocity signal obtained as
the digital signal by conversion by the A/D converter 35 is
input to the phase difference measurement unit 32.

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

[0024]

Further, the right velocity signal input terminal 20
provided in the input and output port 15 to which the detection
signal of the vibration velocity (inlet-side velocity signal)

which is generated on the right side of the measurement tubes

12



The frequency neasured by the frequency neasurenment 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
| eft velocity signal which is obtained as the digital signal by conversion
by the A/D converter 31, so as to inprove an S/Nratio of an input signa

to be out put. The notch filter 54 is connected to the phase

measur enen® anit 352ibFacephbget neasilbpeaeot @nind Sthigiasis eaetePirsOYf t he
right velocity signal which is obtained as the digital signal by conversion
and whi ch ichei mpyovedloni SN emtdwshys thpuhatshohhkteedS4 a frequendsurt her
the frequency neasured by the frequency neasurenent unit 53 is input to the
notch filt@eaBdrem0Q2%nit 36. TheFddaerkS; meashoekedbunstisatkdarres
synchroni zation, and input to the A/D converters 31 and 35 to synchronize

the A/D copwertedg Lfé’lc%ﬂ@ftthfe %@e@@ﬁbﬁréﬁn@o\ﬂﬁﬁe eabhaetibarvelocity The
notch filters 51 and 54, the phase neasurenent unit 52, the frequency

”Easureﬂenglﬂ%% é%deavglééftylma'?ﬁ a&rﬁqu@g@aekatadpbﬁseh@mmnent
conputi ng device 50.

side of the measurement tubes 2 and 3 vibrated by the vibrator

6 and which is detected by the right velocity sensor 8.

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

The phase difference measurement unit 32, the timing
generator33,andthefrequencyn@asurementunit36areincluded
in a phase measurement computing device 40.

[0025]

In the phase measurement method using the Fourier
transformas illustratedinFIG. 18, the input signal (inlet-side
velocitysignal)frmntheIightvelocitysensori3isfirstinput
to the frequency measurement unit 36 to measure a frequency.
The frequency measured'by the frequency measurement unit 36
is input to the timing generator 33. The timing of sampling
M-times (M is natural number) the input frequency is generated

by the timing generator 33 and input to the A/D converters 31

and 35.

13



FIG 20 illustrates a block structure of a converter of the Coriolis

fl owmreter using the band-pass filter (BPF) as the digital filter.

The input and output port 15, the left velocity signal input termnal 19,
the right velocity signal input teintinal 20, the |owpass filters 30 and
34, and the AID converters 31 and 35 as illustrated in FIG 20 have the
sane structures as the input and output port 15, the left velocity signal

i nput term nal 1Burther ritdiet deckotiop sigmal dfnphe YiRrAHGn Y§L1oHEY

| ow pass filters 30 and 34, and the AID converters 31 and 35 as illustrated
in FIG 19{cuetpectidelyelddiddi)signal) whichl & generdpecdyan ddwveetér 31 is
connected to a band-pass filter (BPF) 61. The band-pass filter 61 is a
circuit fosiéxtafaché mgastireoegh tubeequenty dnd tbtaivafpsathefdigidladcity
signal having a set frequency (outlet-side velocity signal) fromthe |eft
vel ocity ssogahl (Butbeatressdenviey atid R/5i goaverwhr Gl asdoute e tecgrmorhe | ef t
vel ocity sensor 7 detecting the vibration velocity generated on the |eft

si de of thgigRasWEIRBLIMELE: @n ard ckiaryd (whileh -bsdebtel stk s itdreldi gi t al
signal by conversion by the A/D converter 31 in the case where the

neasur emengni dhess Jefed-a3 R enVi hé at Bghbk ildke ofi bhétmtafurement tubes
band-pass filter 6I is connected to aphase neasurenent unit 62. The phase

measur emeny Lnts 62, BSed Phaste didhenl efiguel o) tabrsianalonmlyeh is
obt ai ned a% #ﬂ% digita sigﬁ%l by convéﬁiion an&thig%}is improved in S/'N

ratio by t@ﬁe%%%%éﬁﬁ% q%#%;%rglngbg%%QheEhasedE%E%&%hcéﬂEééﬁ¥Ehéﬁ§s

filter 61 1S nne requency neasurenent unit 63. The frequency
measurement, 1T 1, 53 JIRAMLLRR A 89YRRTY Qbe! PSuLELE- VELOLH SR aRRla WhI ch
discrete Fourier transform unit incorporated in the phase
difference measurement unit 32 and aphase difference is computed
based ona ratiobetween a real component and imaginary component
of the converted signals.
[0026]
<<Phase Measurement Method using Digital Filter>>
Converters of the Coriolis flowmeter based on the phase
measurement method using the digital filter are described with
reference to block structural diagrams illustrated in FIGS.
19 and 20.
Frequency selection means such as a notch filter or a
band-pass filter is used as the digital filter. An S/N ratio
of an input signal is improved using the frequency selection
means such as the notch filter or the band-pass filter.
FIG. 19 illustrates a block structure of a converter of

the Coriolis flowmeter using the notch filter as the digital

filter.

14



obtained as the digital signal by conversion by the AID converter 31 and

which is inproved in SINratio by the band-pass filter 61. The
frequency neasured by the frequency nmeasurenent unit 63 is input to the
band-pass filter 61. [0033] Further, the AID converter 35 is

connected to a band-pass filter 64. The band-pass filter 64 is a circuit
for extracting, through a frequency filter, only a right velocity signal
havi ng a set freguenoyo(i rdret wsitgpatvebeti 1§, stigaal § £ norhadidyr isglemadel ocity
signal (inlet-side velocity signal) which is output fromthe right velocity
sensor 8 dehpggti perhbeaYi by At thenr Mgtiocvd Toc Denesiatred dmphute trarghimasi de of
the nmeasurenent tubes 2 and 3 and which is obtained as the digital signal

by convershon de thg, N2 L ENVRELRr 385 nd INE Gasehehr/B ddrevareasts eent
tubes 2 and 3 are vibrated by the vibrator 6. The band-pass filter

64 is conngghegstos the phase JEasuFeENt oURkYebene Thandhasadmasy enent
unit 62 neasures a phase of the left velocity signal which is obtained as

the digital,signal i ndewhigh i Sei b N SIMT atrigutby t he
g a{;xll%gxgﬁ%i%cg%%%ﬂ eTa gt 95H LER i arkMPEDYELLY Ns gutby

band- pass The band-pass filter 64 is connected to

the f : tunit. 6 : ih¥1the, f

reasur enente I EaBS. o e os IO pEnt. Sapty ArERRs geR i, 36, SaRa ency
| ock 65 i d for, hroni zat ign, | ' kK 65
Cs  hput t BOVRESAr FLENTEr 1 o0 SO0 S B e B o A e

31 and theasA/ 91582&?5%2& %g %&h fg?hrgtsggétively.

[0027]

In FIG. 19, the A/D converter 31 is connected to a notch
filter 51. The notch filter 51 selects a frequency based on
the left velocity signal which is obtained as the digital signal
by conversion by the A/D converter 31, soO as to improve an S/N
ratio of an input signal to be output.

The notch filter 51 is connected to a phase measurement
unit 52. The phase measurement unit 52 measures a phase of the
left velocity signal which is obtained as the digital signal
by conversion and which is improved in S/N ratio by the notch
filter 51.

Further, the notch filter 51 is connected to a frequency
measurement unit 53. The frequencymeasurement 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.

15



The band-pass filters 61 and 64, the phase neasurenent unit 62, the
frequency neasurenent unit 63, and the clock 65 are included in a phase
measur enent conputing device 60. Disclosure of the Invention [0036]

In the phase neasurenent method using the Fourier transform as described in
Japanese Patent No. 2799243, when the input frequencyof the input detection
signal of the vibration velocity is constant, a phase neasurenent nethod
havi ng very-hi ghi¢e28lbency selectivity may be perforned because the Fourier
transformis used for frequency sel ection. However, in the nethod
usi ng the Fouri eFurthasf othe as/Hesenvdetet B Japaresneziethtt NG 1159243,
when the input frequency of the input detection signal of the

vi brati onveldeetrysis clrengerdt ccddldiengstosaldensi ayfoequeneypeasadira it is
necessary to change the transform nethod or the sanpling rate. Therefore,

t he conput tRg 1 eclbct be ot WngeRtikoshbt sindangedhe dndihebceignal
nmeasurenment value is varied and thus unstabilized. [0037] I n

addi ti on, i)? thevars hod wisicng Afe dqurdaiert panskorae aso depedivbean sy N
Japanese Patent No. 2799243, when the input frequency of the input
detection sihgnal o@f ahhenpilbr atbpAYeLachEyolispabanged according to the
density or the tenperature, it is necessary to accurately synchronize the

sanpling rate wi{f.the iRyl cbreauencyotieddies kBhtie Yhbkalhaisvedmsit y

signal, and hence a design is very conplicated. Therefore, there is

a problemt ha]i:,5 er,ﬁl,htehgggrgg&% : (ﬁ?“eq{t gﬁgtféé‘in%ats%r%% aRasiyedrisné api dly

changed or “t'he ensity ange y mxing air bubbles into the

(1. "L pgRpur STl DT SEL SO0 XL STEL YpE S She s cprFutLhET (e

met hod usi hy9fhe” storm-as described apanese Paten
arge. beoal e SRV ERE BRGEH 1 O HoneTReay Car L AL e B eReOREOERS very
filter 54.

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

[0029]

In FIG. 19, a clock 55 is used for synchronization, and
input to the A/D converters 31 and 35 to synchronize the A/D
converter 31 and the A/D converter 35 with each other.

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

[0030]

FIG. 20 illustrates a block structure of a converter of
the Coriolis flowmeter using the band-pass filter (BPF) as the
digital filter.

The input and output port 15, the left velocity signal

input terminal 19, the right velocity signal input terminal

16



[0038] In the methods of selecting the optimumtable fit to the input
frequency fromthe filter tables includingthenotch filter and the band-pass
filter to neasure the phase as described in Japanese Patent No. 2930430 and
Japanese Patent No. 321912, when the sanpling rate is held, the design may
be sinplified. However, as in the method using the Fourier transform as
described in Japanese Patent No. 2799243, the phase neasurenent nethods
usi ng the @pgitke Yaw-tearsad idésmsi Bednd JFapanes shpak ARtco®w eI 33 and
Japanese Patent No. 321912

and 35 as illustrated in FIG. 20 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. 19, respectively.

[0031]

InFIG. 20, theA/Dconverter 31 is connected toaband-pass
filter (BPF) 61. The band-pass filter 61 is a circuit for
extracting, through a frequency filter, only a left velocity
signal having a set frequency (outlet-side velocity signal)
from the left velocity signal (outlet-side velocity signal)
which is output from the left velocity sensor 7 detecting the
vibration velocity generated on the left side of the measurement
tubes 2 and 3 and which is obtained as the digital signal by
conversion by the A/D converter 31 in the case where the
measurement tubes 2 and 3 are vibrated by the vibrator 6.

The band-pass filter 61 is connected toaphase 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/Nratio 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

17



require a very large nunber of filter tables corresponding to changed

i nput frequencies, and hence have a problemthat nenory consunption of a
conputing device is |arge. In addition, the phase nmeasurenent

met hods using the digital filter as described in Japanese Patent No.
2930430 and Japanese Patent No. 321912 have a problemthat it is difficult
to select the optimumfilter in a case where the input frequency rapidly
changes. obtainedrastiierdidgheapbageaiiysuwenent iombidds AP agnvRstargi ta
filter as described in Japanese Patent No. 2930430 and Japanese Patent No.
321912 havel aurfy ebliem ibatmpryaey imsgel ranterbpftivedpuidatiosss fidteequi r ed
to inprove frequency sel ection performance. [0039] The phase
measur eneng1 net hods using the digital filter as described in Japanese
Patent No. 2930430 and Japanese Patent No. 321912 have the foll ow ng
problems. (1) The rethodnednnisthAdd oy dihe rebangacynméapuieterquadcy at

hi gh precision. That is, it'is very difficult to realize neasurenent in a
case where th dgﬂ%ggyt fepdesdhaicio He vwasgh ed rapidly changes because
of air bub%%ef%1X| g ?2% I'n ordé%ito i nprove the frequency sel ection

per f or mance, a\T%éggﬁfge nunber of conputations are required. Therefore
it is difficult to Tealize high-speed response, and hence the

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

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

The band-pass filter 64 is connected to the phase
measurement unit 62. The phase measurement unit 62 measures
a phase of the left 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 fregquency
measurement unit 63. The frequency measured by the frequency
measurement unit 63 is input to the band-pass filter 64.

In FIG. 20, a clock 65 is used for synchronization, and

18



met hod i s unsuitable for batch processing for a short period of tine. (3)
The nmenory 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. [0040] When all the
factors are considered, in any of the conventional phase neasurenent
met hods including the digital filter processing, a noise of a frequency
band other than the tube frequencies of the nmeasurenent tubes 2 and 3 is
renoved, a e it chi f filt a change, he
conputingng?ﬁggeﬁéﬁ%ﬂgﬁgﬁgﬁghgggé$k¥%£ggé%%ﬁ?%ﬁﬁ?g%gﬂg%29PéQU|redg%%galmays
foll ow t he fube uenci.es of the surenent _tubes and, 3. Therefore,
there i s o Hh Ot SR e G b Eas GAP oy S oh M TG SR S | <
very conplicated _and | acks hi gh-speed perfornmance. Thus, when the
measur enent> (e S35hd O3 %% vibrated by the vibrator 6, it is very likely
to generate a conputing error in each variation of the input frequencies of
the vi bration velTd& bgndrgagesthhiens avl anst &ét.e§hpyPhReer PgRsUTRTOREt y
sensor 8 for detecting the vibration velocity generated on the right side
of the nmeasurigmént thbefr@guedcd memsthenemdf tunvdl ¢St prsender c¥ofbrées
detecting the vibration velocity generated on the left side of the
measur enentarteulies 12dadd i3, sapthakenaeashertens aompolliery deaticeeasur ement
precision is very low. [0041) An object of the present invention is
to provi dema sHigRakcpPbPCess MvieRitheg, a signal processing apparatus, and a
Coriolis floweter, in which even when a tenperature of a fluid to be
neasured changes,;og4gn when air bubbles are mixed into the fluid to be
measured, or even when the fluid to be nmeasured rapidly changes froma gas
to a liquid, neasur nt be for W L h. constant -precision
phase neasurenen?ﬂ&% ehP%%é%lT%%%ﬁ%gggf o%ﬁgﬁégiég%gglﬁggh,F§%§£%§
conmput i ng processi ng amunt y .be reduced to_ap extrene | amount .
%§8P§%ﬁ§mtﬁ§n%F88FgE§F anﬁgganese Pagent &o. E¥93525, %hen

[ Means for
the input frequencyof the input detectionsignal of thevibration
velocity 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 Japanese Patent No. 2799243, when the input
frequency of the input detectionsignal of thevibrationvelocity
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 computingmethod is changed,
and hence a measurement value is varied and thus unstabilized.

[0037]

In addition, in the method using the Fourier transform

as described in Japanese Patent No. 2799243, when the input
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A signal processing nethod described in claim1, which is provided so as to
sol ve the above-nentioned problens, is a signal processing nethod for a
Coriolis flowreter in which at |east one flow tube or a pair of flow tubes
which is included in a nmeasurenment flow tube is operated by a driving
device using a vibrator to alternately drive the at |east one fl ow tube or
the pair of flow tubes, and a phase dif f erence and/or a vibration
frequency proportional to a Coriolis force acting on the at |east one flow
tube or th ir._of f . reli.s de eI BAY :

accel erati ?nlpe S ur%g: SOW%%%%‘%% %tpégﬁlog?éﬂfg??ﬁﬁé eﬁ@c%ﬁloﬁ%%é%lr%
provided on a right side and a |eft side of the at |east _aone flow tube or
the pair of*¥ F%ﬁgﬁﬁgeﬁcﬁﬂﬁ l?%et%ttﬂﬂeeggpsb € Tt ot&?et GHEPSFARE Spal b 6F f1ow
tubes is vibrated, to thereby obtain a nass flow rate and/ or den%i tﬁ/ of
fluid to bé'SRSESFFYILC accurdtely §YBRAFOPF88 4G AgTRELREF PET Hg L the
characterized by including: a first step of converting, into digital
si gnal s, anapg dirgaaescyuofuther srPukevpREAtEPNVYBEAEILBY Bégeeti ond
sensors; a second step of perform ng frequency conversion on the two
digital sidralce whidelsigmne igbtveirnyeddmpltibetednverting in the first step and
correspond to the pair of vibration detection sensors; a third step
of neasuring a fmeguesoyechasikdron oaeprbigidrakhatgneabenfHeheehperaigre al
signals which are obtained by the converting in the first step and
correspond JochRerpatd @f pd Realheeadetesdp i peitEolfsd ddthe densécfourth
step of generating a frequency signal corresponding to 1/N of a digital
signal of the n u i N i A easi gral

pr ocessi nga%eftﬁ‘%gaggi g}g{agﬁgraaéfk%gé%gi%#l?r%g)ﬁalte%ﬁalsngoditpfefggce bet ween
detection signals fromthe .pair of vibrati ion sensors is detected
based on t & r”&?ﬂlgﬁl ypgieﬁﬁglloélorlrseseﬁ%ﬁ% r?gglt %%?F’%tegf' the digital signal

which s generat%%r%gegﬁeth%yragtﬁggpiugggfsghe Fourier transform as

described in Japanese Patent No. 2799243 has a problem that
the number of computing processings becomes very large because
of the execution of the Fourier transform.

[0038]

In the methods of selecting the optimum table fit to the
inputfrequencyfromthefiltertablesincludingthenotchfilter
and the band-pass filter to measure the phase as described in
Japanese Patent No. 2930430 and Japanese Patent No. 321912,
when the sampling rate is held, the design may be simplified.

However, as in the method using the Fourier transform
as described in Japanese Patent No. 2799243, the phase
measurement methods using the digital filter as described in
Japanese Patent No. 2930430 and Japanese Patent No. 321912

require a very large number of filter tables corresponding to
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A signal processing nethod described in claim2, which is provided so as to
sol ve the above-nenti oned problens, is a signal processing nethod according
to claim1, characterized in that in the step of generating the frequency
signal corresponding to 1/N of the digital signal of the frequency 0 which
is output froma frequency neasurenent unit, a frequency ex is obtained for
frequency conversion to satisfy T/ N=T-Tx. [0044] A signal
processi ng nethod described in claim3, which is provided so as to solve

t he above- gBanpededptoblremsentied. Snghhenpe Feesst My PERbLENAE EETHRY to
claim1, characterized in that Nis determ ned such that the frequency

si gnal corcespongingnt of1ANcohptthéndi gevatesignbdhre€. t he frequency T which
is output fromthe frequency neasurenent unit is smaller than 50 Hz. [0045]
A signal processingaappakahys tdesphiakedmeastiramend, mefthokisi sispmgvitded so as
to sol ve the above-nentioned problens, is a signal processing apparatus for
a Coriolisgfibowgrtef) dd- Whi gbsatibedsin @agahégw BahentONca Pas 046 sfdcow
tubes which i's included in a nmeasurenment flow tube is operated by a driving

device. Us! BapanMLBNAlOlad Al 451 Dab ol eIl ¥eok hem alnd east s o0, ddiouiiibe or

the pair o ow tubes, an ase fference and/or a vibration frequency

proportional to a iolis force acting.o I : éﬁﬁe or
the pair ogofﬁeglﬁctt%iég B é%ggfrelag%y&ivste%qg’%lg §t§gezgg${slgof;11%&éﬁce ration

sensors mhich,gre a gair of vibration detection sensors provided on a right
side and afPBREEL¥| §B2BESBhe at |east one flow tube or the pair of flow

tubes when the at |east one flow tube or the pair of flpm/tgbgf,ls
vibrated, to theFebyhebt 4ie RLABSINFFIBWIE BREFEASHHAT FRedHE ¥ Ui d to

be neasured, t he signal processing apparatus being characterized by
i ncl udi ng: filter as described in Japanese Patent No. 2930430 and Japanese

Patent No. 321912 have a problem that a vary large number of
computations 1is required to improve frequency selection
performance.

[0039]

The phase measurement methods using the digital filter
as described in Japanese Patent No. 2930430 and Japanese Patent
No. 321912 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 thedensityof the fluid tobe measured
rapidly changes because of air bubble mixing.

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

it is difficult to realize high-speed response, and hence the
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Al D converters for converting, into digital signals, anal og signals output
fromthe pair of vibration detection sensors; a pair of quadrature
frequency nodul ators for performng frequency conversion on the two digital
signals which are output fromthe A/D converters and correspond to the pair
of vibration detection sensors; a frequency neasurenent unit for
nmeasuring a frequency based on one digital signal of the two digital

si gnal s whinebnhagei ouimuli faiere tie AzRchoprertessingnfioros respongerddche pair

of vibration detection sensors; and atransmtter for generating a
frequency skgpahecorresponding to T(1-1/N) of a digital signal of the
frequency output fromthe frequency neasurenent unit, t he signa

processi ng (appahattsnde) HbthaiAct s izxednencbhphrapgagevdbé f oy anagyd s
obt ai nedbased on the(gﬁénals géﬁgiated by the %air gf guadr ature frequency

modul at or SanEO%QLe the_ (?é%ﬁjrm% FURPES Sl APRHANLS rdes 6 idad it

clains, which 1s provi so as to solve the above-nentioned problens, is a

signal progessing..a u?}e%%ﬂ%x?ﬁ?édé fngcaﬁ]ega ?nﬁv&??rc?féaf‘d\iir%gjébdshat t he

frequency neasurenent | or “neasur requency based on one digita
signal of the Emg digital signals which are output fromthe A/D converters
and correstna P65 the vel ocity sensors or the acceleration sensors which

are the pair of vyibration detection sensors has a phase | ocked | o0 PLL
for frequency neléa?ghent. [ 0047] P P )

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

Thus, when the measurement tubes 2 and 3 are vibrated
by the vibrator 6, it is very likely to generate a computing
error in each variation of the input frequencies of the vibration
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.
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A Coriolis floweter described in claim®6, which is provided so as to sol ve
t he above-nenti oned problens, is 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 pair of flow tubes, and a phase
difference and/or a vibration frequency proportional to a Coriolis force
acting on the at [beas? one flow tube or the pair of flow tubes are/is
detected by a vibration detection sensor when the at | east one flow tube or
the pair of flowhWgedtSoYithapedseha ihesmbiomhtato perovisie 4 lsownedt e
and/or density of a fluid to be neasured, the Coriolis flowneter

bei ng Char?%@ébé@ﬂghﬁétb@%ﬂ Lladbmgnalm@@bs@hg@qgﬁmmmmaamnmm| ng:
Al D converters for converting, 1nto digital signals, anal og signals output

fromthe p@h&wﬂét&kbréﬁ'mlé%t&%ﬂ QMheSERS@EHperature afpai flwid quadrat ure
frequency nodul ators for perform ng frequency conversion on the two digital

signal s whiCheBl-gqQililled [ QULL AR £ £ RLBNLET S dRd xeariaepond fluidie pair
of vibration detéction-sensors; frequency neasurenent unit for

measuring a hkr)e uenc eﬁfs q ggeﬁn‘eﬁ g&ﬁ@lflﬂlg-{l%lo Bt hbgstieg diglitaly

si gnal s whi e re ou omt converters and correspond to the pair

e SR S W%, BB o <

frequency § rgital srgnal of the
frequency output fromthe fr neasure al
pr ogessi %gpﬁ‘p’ESFﬁF%"’ Wt ﬁanéﬁging %?cf]zseloorf ngﬁﬁa{e ur@é%%%%enaerﬁ ‘é\’%gﬁc%i%p

obt ai nedbasedon the signals generated b i quadra ency
modul at or sEILEEFARE RATEMEFRTRAS AP ['%6%8]“%‘5‘ Bhpltafs bl oY

amount may be reduced to an extremely small amount.
[Means for solving the Problems]

[0042]

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

is vibrated, to thereby obtain a mass flow rate and/or density
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The neasurenent tube of the Coriolis floweter has various shapes. For
exanpl e, there are a curved tube and a straight tube. There is a type
driven in any of various nodes including a primary node and a secondary
node, as a node for driving the nmeasurenment tube. [0049] As is well
known, the driving frequency band obtained fromthe neasurenent tube is
several ten Hz to several kHz. For exanple, when the neasurenent tube using
a U shapedof ubef lwwid/ithy dedng¢asutrdpri mary node, the frequency is

approxi mately 100 Hz. Wen the neasurenent tube having a straight shape is
vibrated in the tghé naignabderoappséxiomatedinpds (e eg t eharacberkz¢d P¥al i zed.
However, it is very difficult to performthe phase neasurenent of the
Coriolis fimywedeigby al ways the sane processing over the frequency band of
several ten Hz to several kHz in a single flowreter converter. Therefore,

it is necessary 4 @isepasedglof deavgnrtsnyerialtd ypgstal0@E@jals, analageor di ng
to the signal processing nethod in the present invention, the essenti al
probl ens ag; &ests i ab R mRIcbBak eNBF el Hia it A gRaUOrSs isgnabor's ;
processi ng based on an identification algorithm Even in the case of the
change in tenperatde, of sthg & Yd-fdnbggeasyuedcyt Bentexs dgn an ahe
bubbles , or the rapid change of the fluid to be neasured fromthe gas to

the Iiquid, bdhe;sfabi & SRR TR & MBK RS TraldTRG Mt iepnstant
preci sion. e phase neasurenent wth high filtering performance is

vanrgeoLRe S04 NNGS MWL PEL QARSI Ya D8 ot QYbdadi oh Wikt fon

Accor di ng thé"sign processi apparatus I n the present invention, even
when the tenperature of the fluid to be nmeasured changes, even when air
bubbl es ar@W¥XEW into the fluid to be nmeasured, or even when the fluid to

maybe-al ways. pert GiiiEd BT oCORET AR R Bor S BIEHE=ERE Fhane Shaatenont
O ek 08 PRLTOIRNEE; By DE, L SPLT AR 1 25T e P U0
converting in the first step and correspond to the pair of
vibration detection sensors; and
a fourth step of generating a frequency signal
correspondingtol/Nofadigitalsignalofthefrequencymeasured
in the third step,
the signal processing method being characterized in that
a phase difference between detection signals from the pair of
vibration detection sensors is detected based on the frequency
signal corresponding to 1/N of the digital signal which is
generated in the fourth step.
[0043]
A signal processing method described in claim 2, which
is provided so as to solve the above-mentioned problems, is

a signal processing method according to claim 1, characterized

in that in the step of generating the £frequency signal
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[ 0052] According to a Coriolis floweter in the present invention, even
when the tenperature of the fluid to be neasured changes, even when air
bubbl es are m xed into the fluid to be neasured, or even when the fluid to
be neasured rapidly changes froma gas to a liquid, the stable neasurenent
may be always perfornmed with constant precision, and the phase nmeasurenent
with high filtering performance may be realized with a small_conputing
processi ngcamespondBrg efo Dedtrd it Bigitted BlaRedgsE [Fdes3Fequency

[FIG 1] A block diagramillustrating a principle of a signal processing
met hod and® apgahat sisuspuoridiawatioaenneseasur event ved.t, a frequency g 2]
A diagramillustrating a frequency waveformof a Coriolis fl oweter of

whi ch a dréxiiyg datedquent foirs £ t6Qubhcandoavér etor ey swhiaffol 9 N -8%Cori ol i s
fl owreter of which a driving frequency is 1, 000 Hz in the signal

processi ng apparpiasslillustrated in FIG 1. [FIG 3] A diagram
illustrating a frequency waveformin a case where the driving frequency of
the Coriolis fl oynetslalofhrticety ithe ndithvidngeteedbedcynisld i Hz virs cdi vi ded.
[FIG 4] A diagramillustrating a frequency waveformin a case where the
driving fregusngyi qatde Lprivldsifd ammtaiow!-nhitibridte girdbliens f riequency

is 100 Hz is shifted.
a signal processing method according to claim 1, characterized
in that N is determined such that the frequency signal
corresponding to 1/N of the digital signal of the frequency
8 which is output from the frequency measurement unit is smaller
than 50 Hz.

[0045]

A signal processing apparatus described in claim 4, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus for a Coriolis flowmeter in which
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected
by velocity sensors or acceleration sensors which are a pair
of vibration detection sensors provided on a right side and
a left side of the at least one flow tube or the pair of flow
tubes when the at least one flow tube or the pair of flow tubes

is vibrated, to thereby obtain a mass flow rate and/or density
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[FIG 5] A specific structural diagramillustrating the signal processing
apparatus illustrated in FIG 1. [FIG 6] A diagramillustrating a
detection signal of a vibration velocity which is generated on a |left side
of neasurenent tubes and output froma lowpass filter illustrated in FIG
5. [FIG 7] A diagramillustrating a signal obtained as a digital
signal by sanpling, at arbitrary constant intervals, the signal illustrated
in FIG 6, °hhPchlPddotiPple MEBFPERIA/ D converter illustrated in FIG 5.
[FIG 8] Adiagramillustrating a transm ssion frequency signal (TXn)

output from a trBRSnFigedlipne@EtsHiet apparpLussbeing charagierszef Ky

diagramillustrating a 90-degree shift signal of an output signal (cose)
whi ch is odppdtdingmthe A/ D converter and generated in an inner portion of
a quadrature nodulator illustrated in FIG 5. [FIG 10] A diagram

illustrating a 9B/degreresghifts Sognaonykranngut puttcsidirelltylcosiedt®lsnvhich is

output fromthe transmtter and generated in the inner portion of the

guadr at ur eamatloyatdgnelbustitaued fironFitGe Pair of vibration detection
sensors;

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

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

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

the signal processing apparatus being characterized in
that aphasedifference isobtainedbasedonthe signalsgenerated
by the pair of quadrature frequency modulators.

[0046]

A signal processing apparatus described in claim 5, which
is provided so as to solve the above-mentioned problems, is
a signal ©processing apparatus according to claim 4,
characterized in that the frequency measurement unit for

measuring the frequency based on one digital signal of the two
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[FIG 11] A diagramillustrating a signal obtained by quadrature frequency
conversion by the quadrature nodulator illustrated in FIG 5.

[FIGS. 12] Diagrans illustrating timng charts for the specific structure
of the signal processing apparatus illustrated in FIG 5. [ FI GS.
13] Diagrams illustrating timng charts for the specific structure of the
si gnal proceSS|n% apparatus illustrated in FIG [FIG 14] An

oper at i onaldiAiR cﬁéﬁ?aﬁérWFhéhs%%%lQWQPQE|f6€FUF@eoﬁ/Ph%ogV@ﬁé?r%ﬂ%%%ss|ng
apparatus illustrated in FIG 5. [FIG 15] A block diagram
i || ustrati S9T&FPegdere FhredslPehErtsanfars PrUdts acee lematign sensors
[FIG 16] A structural diagramillustrating a general Coriolis flowmeter to
whi ch the phdsénarenviesitdasy iof dppriedon detectign Gensyrsahgisogkekasaict ur al
diagramillustrating a Coriolis floweter converter of the Coriolis
f1 ownet er illdckstr dbeg i(RLED GEok6 frequency| Re@sulB8peAthl ock di agram
illustrating a phase neasurenent nethod using Fourier transformfor the
Coriolis flowretégnoedhverter illustrated in FIG 17. [FIG 19] A
bl ock diagramillustrating a phase nmeasurenent nethod using notch filters
for the Corioli saf lcowielidrs crvwetdtesr idésstild@dinncEb@Gm ¥7. 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 a phase difference and/or avibration 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 vibration detection
sensor when the at least one flow tube or the pair of flow tubes
is vibrated, to thereby obtain a mass flow rate and/or density
of a fluid to be measured,

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

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

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

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

detection sensors;
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[FIG 20] A block diagramillustrating a phase neasurenent nethod using
band-pass filters for the Coriolis flowreter converter illustrated in FIG
17. [Modes for Carrying out the Invention] [0054] It is an object
of the present invention to be able to always perform neasurenent with
constant precision, to realize phase neasurenment with high filtering
performance, and to be able to reduce a conputing processing anount to an
extremely smal |l a&nbUREUEESY MSHEH NeEmpeYdt dPE BEgUFLRP P tiF SBISHAG ur ed
changes, even when air bubbles are mxed into the fluid to be neasured, or
even when bheefll ghdone bigheak wiahalagifdtpechingésgitam algals o' 341 qui d,
the object nay be realized. [Enbodi nent 1] [0055] Herei nafter,
Enbodi ment ateodputpubderdrortheadyPi agnoettehe e sorraspeanc tonthe RiSeri bed
with reference to FIGS. 1 and 13. FIG 1 illustrates a principle
of a signabfprabessiing detbodiandsapparatusndccording to the present
invention. FIG 2 illustrates a frequency waveformof a Coriolis flowreter
of which a driviag trefgeityers 160 Hiemaraaihyeguentyeqaaredwr ngiofnal
Coriolis flowreter of which a driving frequency is 1,000 Hz. FIG 3

i1l ustrategoarbspauanay vavahionyN)noa Lasgivhereighel i thagf fequpeney of
the Coriolis floweter of which the driving frequency is 100 Hz is divided.

FIG 4 i"BﬁEF@Ee§r%mf Egdueneyusavef pedkliRedet@sanwiere the driving
frequency of the Coriolis floweter of which the driving frequency is 100

Hz is shifted. Flfz 2ibsaf ﬁmégﬁqg{ﬂa?;bgﬂaws @ie@;ﬁgaahhkhéﬁéfﬂkéagiﬁ he

signal processing apparatus illustrate n FIG 1. FIG 6 is a diagram

|| Tustrati pg 2 S 80 hoBe SLORAL 1 8ot MIUA Al ¥E k! d i cdeher disgr at ed
S| de

on a left nmeasur enent tubes and out put froma l'ow pass filter
illustrated in, Fl 5. El i t i Lhed as a digital

si gnal by ggngPanélgtogr P?§5?§hg§ng?%ﬁ?eﬁﬁ?egggkéggFgg'signal illustrated
in FIG 6,[%@%%2tlgfo%kguEngég i%ﬂ]AlD converter

[0048]

The measurement tube of the Coriolis flowmeter has various
shapes. For example, there are a curved tube and a straight
tube. There is a type driven in any of various modes including
a primary mode and a secondary mode, as a mode for driving the
measurement tube.

[0049]

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

However, it is very difficult to perform the phase
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illustrated in FIG 5. FIG 8 illustrates a transm ssion frequency signal
(TXn) output froma transmtter illustrated in FIG 5. FIG 9 illustrates a
90-degree shift signal of an output signal (cosT) which is output fromthe
Al D converter and generated in an inner portion of a quadrature nodul ator
illustrated in FIG 5. FIG 10 illustrates a 90-degree shift signal of an
out put signal (coseXn) which is output fromthe transmtter and generated
in the i nneeagurementofoft hehqubdrarhie fBOWELSr (Y udivaredtig Mage 5.

FIG 11 illustrates a signal obtained by quadrature frequency conversion by
t he quadr abupeessdobatoer itheuSteauency paRO@ L BevEras. ten Hg 8O %S
illustrating timng charts for the specific structure of the signal

pr ocessi ngkHppar atsinglld fistwattesk conFeGred, MG efkFar et disamgeamsary
illustrating timng charts for the specific structure of the signal

processi ngtappapatuseillyl detiaghedevarklGtypes[ 0056] FIG 1lis a
diagramillustrating the principle of the signal processing nethod and
appar atus accordiipgst9 the present invention. In FIG 1, when

measurenent tubes 2 and 3 are vibrated by a vibrator 6, vibration

vel oci ties gener agtedrhinghe FRRSHI SABNHIdHReSs i pRdtBodrin dakesiesey a
vi bration velocity sensor 70. The detected vibration velocities are

conput ed and,RLEGERSEEnRY cBs¥hPEAt I BPRoMELASI hY &b88AlLEANBNOTEMAEBEe 80.
The vi brationvelocity sensor 70 corresponds to the left velocity sensor 7

and the rig o%gbpcbg¥a$ggégéa§%6ﬁsFqé%gﬁgﬁ [AQREssing bakB8 on an

vibrationveF§C|ty Sl conputing device 807includes a quadrature

modul at or %é%a%ﬁ%h%g%géktgigggitﬁﬁq 3?% Sfh Wt YRkl cl3nge in  The

guadr at ure or perforns qua ure nodul ation on the vibration

vel ocities _which _are generated.i.n the [ !

ot ect ed b PREZFEHE SR SRy REREartyGaile FHRE I Oralt Bulbtes .
and 3 are vibrated by _the vibrajor 6. signal fraomthe .tr Lite Ois
input to tR& EU%dF%P%geCH%H%?a? rtgﬁiffhldglo eW?a§P§ﬁg1§%§§gg#%e a%y
guadr ature nodul ation, by the quadrature nodul ator §§ are i nput %or%hg phase
measur ementOsele | BHIWE prthe §6aPLE BeeBBEBYGRhtMY Kfe 2312 ReP ghAaF At Ur e
modul at or 85. The phase nmeasurenent section 95 perfornms A/D conversion on
the vel oci Wjthi GreaissaroPXeRisi of at | GRSV BPEERt PSSR, %‘“ﬂﬁ h%?%‘ﬁy
performdigital conversion processing, and then obtains a Rhase di fference
t her ebet weénltp@d5g8] performance is advantageous, and ence high

performance may be provided.

[0051]

According to the signal processing apparatus in the
present invention, even when the temperature of the fluid to
be measured changes, even when air bubbles are mixed into the
fluid to be measured, or even when the fluid to be measured
rapidly changes from a gas to a liquid, the stable measurement
may be always performed with constant precision, and the phase
measurement with high filtering performance may be realized
with a small computing processing amount.

[0052]

According toa Coriolis flowmeter in the present invention,
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According to the signal processing nethod and apparatus illustrated in FIG
1, the input signal is subjected to 1/ N quadrature frequency conversion and
t he phase neasurenent is perfornmed after the frequency conversion, and
hence an input frequency band is reduced to 1/ N and stabl e phase

measur enent nmay be perfornmed. As described above, according to the present

i nvention, the phase and velocity signal input fromthe sensaor is
converted ﬁﬁ?@-Wh@nfﬂNfGﬁmp§r&FHF?r%F3jﬁhﬁ%EF?-??éﬁh@ﬁé?uﬁﬁdﬁﬂgﬂﬁﬁﬁ%y
conversion and the phase difference after conversion is neasured.

Ther ef or e, eviga Whenerithdubhd eshars arecashAdtios thevilsl ASEIPEMFHTSE t he
present invention. Even when the frequency of the phase and velocity signal
i s changedolryyesechehge thedEhsid ycmbea awpstaedr sapfidiechpugast broe @
measured, the flow rate may be measured w t hout al nost affecting

cal cul ati ogaprecissi bguod, cdnpatehieindaaraneft0089)be alwayshoerexampie, in
the Coriolis flowneter of which the driving frequency is 100 Hz as
i|lustrategiith EbfSstantwheacasidht eind rdgueheycbardsusesentt widhrlaigie of 95
Hz to 105 Hz, it is likely to shift the driving frequency outside the

filter freguereyribangdebyokhanebange he wensidad eitteapenal Ur eomdineteg or e,
filter tables for frequency bands around the filter frequency band, for

exanpl e, agtablkesfioy am-apge of 85 Hz to 95 Hz and a table for a range of
105 Hz to flS Hz aré required. Wien the filter frequency band is w dened,

t he nunber [%Ei%%bb%%cir% reduced cHAWeVEkingsTeasur enent wavef orm becones a
noi sy phase and velocity signal, and hence neasurenent precision is

significantly de 66@??' When a phase and velocity signal of the
Coriolis flowreter of which the driving frequency is 1,000 Hz is to be

measured, it IS eGESSATY,te ChANgE, & SATAINE LAlG AN 3 tdibee babhe, and
hence t he cal cul ?lon pﬁeC|S|on orEFﬂ% conputi1 ng |nterv§I changes. [0060]
signal processing method and apparatus according to the present
invention.
[FIG. 2] A diagram illustrating a frequency waveform of
a Coriolis flowmeter of which a driving frequency is 100 Hz
and a frequéncy waveform of a Coriolis flowmeter of which a
driving frequency is 1,000 Hz in the signal processing apparatus
illustrated in FIG. 1. |
[FIG. 3] A diagram illustrating a frequency waveform in
a case where the driving frequency of the Coriolis flowmeter
of which the driving frequency is 100 Hz is divided.
[FIG. 4] A diagram illustrating a frequency waveform in
a case where the driving frequency of the Coriolis flowmeter
of which the driving frequency is 100 Hz is shifted.
[FIG. 5] A specific structural diagram illustrating the
signal processing apparatus illustrated in FIG. 1.

[FIG. 6] A diagram illustrating a detection signal of
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In the Coriolis flowreter of which the driving frequency is 100 Hz in
signal processing according to the present invention, as illustrated in
FIG 3, for exanple, when a value of Nis set to 4 in a case where a
frequency of a phase and velocity signal input fromthe sensor is 100 Hz ,
the frequency is converted into 100/4 Hz, that is, 25 Hz. After the
frequency conversion, the phase and velocity signal is filtered and then
phase cal c@ atiRFrGiCherg iy which igpggherakedhere & Heffsettds I12%r band
is a band of approximately 20 Hz to 30 Hz, even when the driving frequency
i s changed "GP SUFETER&NGECT $ 28Rt ErpRFpLeut DRes fiHdesahblystraed abl e
may be al ways used outside a band of 80 Hz to 120 Hz. Therefore, the
measur enentldGhe 5al ways nade at stabl e cal cul ation precision and
conputing interval. Further, in the Coriolis flowneter of which the
driving frequencyFi§.17008 dzagwimeni thstuatieipfa Nilgnadepbteained ahea f | ow
rate may be neasured based on conpletely the sane filter band as in the
Coriolis flkagitbér sbfnahiloh ddrepiny,) g Breduency ceni8ntizinf&OEl]s,
Further, in the present invention, as illustrated in FIG 4, the method of

per f or m ng thkesighbtonveist et of ihenohase whtcNel ®Ggutp i gran anchmles a
nmet hod of frequency shifting the input frequency w thout being divided. In

t he case okohkerteer iohiusthbhewaeter rag .i kl.ustrated in FIG 4, the input
frequency is frequency shifted w thout being divided, and hence there is a

feature that the (Ehew ¢iphesf@yben Gaheulabednyi houndndseioh Sréihd ey Ng

ef fect. For exanpl e, en the input signal is subjected

frequency diiyhShonyRs, i&lﬁ;lhgt W qf %Mﬁsr@{{@}i flOWmLEs i) Fygtrated in

FIG 3, a noise conponent subjected to 1/ N frequency division

Therefore, even whep @L%L&f%@&mgﬁﬂ%%&aﬁrﬂ dﬂ%-cﬁ%’@%@é TS%qtftC,é‘g&g%Jbbe

much expected. en the phase a el ocity signal “subj ected
1 owmet or | SEISORSPER T caso] ie'ihd EZobBrubmntt Fula e dRestet y
shifted in_frequenc ut _the filter bapd may_be redyced to 1/ N, . and hence
very effec?PgegFPFFéFFag1ﬁaﬁnbén58ﬁi895 98 %8n%aggaaﬁfgﬁr%eT%$%1?$%ﬁuency
shifting. EggggLrated in FIG. 5.

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

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

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

[FIGS. 13] Diagrams illustrating timing charts for the

specific structure of the signal processing apparatus

illustrated in FIG. 5.
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FIG 5 illustrates the specific structure of the signal processing
apparatus illustrated in FIG 1. In FIG 5, a left pick-off (LPO 7
(corresponding to left velocity sensor 7) is connected to a | owpass filter
30. That is, during vibration using the vibrator 6, when a detection signal
of a vibration velocity (outlet-side velocity signal) which is generated on
the left side of the neasurenent tubes 2 and 3 is detected by the |eft

pi ck-of f 7, the dEZEctldn dingrratexnsit omalyifBom idwmrd 0o yhioutPetikide
velocity signal) is input to the |ow pass filter 30. The_| ow pass
filter 30 issractiureupt tbe esignadtpngreshinvagirpafaiegaehtiustiraeed Bhnly a

| ow-frequency left velocity signal (outlet-side velocity signal) fromthe

| eft vel ociFti.sisgnal (outlet-side velocity signal) output fromthe |eft

vel ocity sensor 7 detecting the vibration velocity generated on the |eft

si de of the neasurggentig]ubrRs bl cakd Biddrdrneitasetwheingt ke MeagwerIEeNt
tubes 2 and 3 are vibrated by the vibrator 6. [0063] The | ow pass

filter 30 ieacoreeeheduhetan 1AuBteamear iar F23&. Tbe Al D converter 31 converts
the left velocity signal (outlet-side velocity signal) which is the anal og

signal output fromrgheikpwapassubtlibel 89abhhie aldigttatisggnagendhel | ef t
vel ocity signal (outlet-side velocity signal) obtained as the digital

signal by ¢QRVensi0R Bimtber A D HAREELEpRlsd St 11Nt iGA 18I gPPlied.
processi ng apparatus 100. [0064] On the other hand, a right

pick-of f (RPO 8 [6e8Irashondi gaqte Lalibckehcidibqienson st moannegt ed to

a lowpass filter at is, during vibration using the vibrator 6, when

2, detecti opslignal Ok 8LPLAt | a0 vel ool Uiod | Bl - shdeovebockiyumbasal)

which is geﬁ%}at Si dé t he neasurenent tubes 2 and 3 is
detected b he right pick-off 8§ the detection signal of the vibration
Lindererds Brofify ab

vel ocity ( { . ~signal) is input to the low pass filter 34.

The Lowpass [114gr 34 43 RCLLol oL o0 PHLLELIgs u0lReLigRusecy
method using Fourier transform for the Coriolis flowmeter
converter illustrated in FIG. 17.

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

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

[Modes for Carrying out the Invention]

[0054]

It is an object of the present invention to be able to
alwaysperfOﬂnmeasurementwithconstantprecision,torealize
phase measurement with high filtering performance, and to be

able to reduce a computing processing amount to an extremely

small amount. Even when a temperature of a £luid to be measured
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(inlet-side velocity signal) fromthe right velocity signal (inlet-side
vel ocity signal) output fromthe right velocity sensor 8 detecting the
vibration velocity generated on the right side of the neasurenent tubes 2
and 3 in the case where the neasurenent tubes 2 and 3 are vibrated by the
vi brator 6. [0065] The | owpass filter 34 is connected to an A/D
converter 35. The A/D converter 35 converts the right velocity signal
(i nl et - si dERAANIIRE t $VERgHALT AT dHkislesh@rgnBi3§dst gkl tisutidti S £6nPe he
| ow-pass filter 34 into a digital signal. Further, the signal
processi ng HEFHFIALSOI Y diswhenndet dduid thdcAnEreenge ma@iddy, clrarges gnal
processi ng apparatus 100 perforns 1/ N quadrature frequency conversion on
each of thd€mmkt gesl doi By ldignal, (thd ebjsicde magyl bei eadiigieal.) and the left
velocity signal (outlet-side velocity signal) and perforns the phase
measur enent [Eafdeelinteme fidequency conversion, so as to reduce the input
frequency band to 1/N and realize stable phase neasurenent. [0066]
In the signal prdoessiing apparatus 100, the signal fromthe Al D converter
31 is connected to a quadrature nodul ator 110. The quadrature nodul ator 110
perforns 1/ N quadgicaicihe fteeqUERBYdERBMENS bBna aidbddEol-edd rivgl wgicdue shgnal
(outlet-side velocity signal). Further, the signal fromthe A/ D
converter 3kdserkonneehedohoid HE8EUEPSY RS WaMBndido ¥is . Theand
frequency neasurenent wunit 120 neasures a frequency of the left velocity
signal (outlset-side velocity signal) obtained by converting, into a digital
signal, by the AID converter 31, the left velocity signal (outlet-side
vel ocity signal) I put . lef.t o NSO ; t J ;
vi bration veIoci?@ﬁﬁege%g?ggkgﬁ%Fﬁeglg%?hgﬁgggoégt%egﬁégggrggéﬁgg?%ﬂgs 2
and 3 int re t [ ar. i.brate y the
Vibrator erectid atEbatIIPARUERARHL (o SR R flths BHBaG R R
connected to. uadrat ure dul ator 130.. The quadr at.ure. ulator 13
performs 1 ngﬁgﬁgﬁ?g?g ?régﬁﬁﬁﬁRF¥ﬂ¥%X§gﬁrgho nt %?%?%}én£;9W§ﬁ Y gggnal
(inlet-side velocit¥,slgnaI% . ,

which a driving frequency is 100 Hz and a frequency waveform

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

illustrated in FIG. 6, which is output from an A/D converter
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[ 0067] A frequency neasurenent val ue neasured by the frequency
measurenent unit 120 is output to a transmtter 140. The transmtter 140
transmts a predeterm ned frequency signal based on the frequency

measur enent val ue output fromthe frequency neasurenent unit 120. The
output signal fromthe transmtter 140 is input to the quadrature nodul ator
110 and the %gadrature nodul ator 130. A carrier frequency is obtained

t hr ough t het ¥rsfuerad nidastifeneht ufite 120, Lk Hestnadiasid t BFanapisahent he

quadr ature nodul ator 110. The input frequency of the left velocity signal

(out | et - si deramiasey yigingaall PXphpoutprori 1dme sAtDaosmisiesr 131lvuapdatad

out put frequency output fromthe transmtter 140 are nodul ated by the

quadr at ur e Imp@IiGat 6r.s AI®. Aifddswittratietsarngd-degree shift signal of an
output signal (cos6) which is output from the A/D converter
and generated in an inner portion of a quadrature modulator
illustrated in FIG. 5. FIG. 10 illustrates a 90-degree shift
signal of an output signal (cos6Xn) which is output from the
transmitter and generated in the inner portion of the quadrature
modulator illustrated in FIG. 5. FIG. 11 illustrates a signal
obtained by quadrature frequency conversion by the quadrature
modulator illustrated in FIG. 5. FIGS. 12 are diagrams
illustrating timing charts for the specific structure of the
signal processing apparatus illustrated in FIG. 5. FIGS. 13
are diagrams illustrating timing charts for the specific
structure of the signal processing apparatus illustrated in
FIG. 5.

[0056]

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

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

processed by a vibration velocity signal computing device 80.

The vibrationvelocity sensor 70 corresponds tothe left velocity
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by nodul ation, that is, one of a sumof or difference between the
frequenci es of both the input signals based on the addition theoremis used
for frequency shifting. The output frequency of the transmtter 140 is
controlled such that the nodul ati on frequency becones 1/N of the input
frequency of the input left velocity signal (outlet-side velocity signal).
When the transmtter 140 is controll ed as described above, as in the case
of the quadieitift hodid dts TiEit yedeqith wenfkdtatr & Toddi®at or 130, the
frequency obtained after perform ng the frequency conversion is controlled
to becone 1/ N of H&7Input frequency of the right velocity signal
(inlet-side velocity signal) input fromthe A/D converter 35, based on the
out put frequencyTMmﬂxibrd¢iﬂnthOGiaﬂgﬁgnaéﬁqmﬂmt#nﬂﬁﬁﬂice80inCAuéﬁése

di fference nmeasurenment unit 150 is connected to the quadrature nodul at or
110 and t he quaskdisstnee noddhiaboor13G., ThetphaseidiéfeP@ncemkagupbaent unit
150 perfornms phase neasurenent based on an out put frequency signal

cor r espondineg dur el tofurtire dsnput frequency of the left velocity signa
(outlet-side velocity signal) which is input fromthe A/D converter 31 and

output fromthe quadr a%u&cﬁcdﬂiﬁlé atsadldcand am opepobrheequendyasugsal
corresponding to 1/ N of the input frequency of the right velocity signal

(i nlet-si degoerlea foh ShOPRE v MY dis ViRl thie@mrhhenAd £ emeardesd 3a and
out put fromthe quadrature nodul ator 130. When such a structure is

enpl oyed, QGLORANG Athdrd &R0 BBRE 3 Lh@ u@@kébtteﬁeg?e@aieeslb&attmn

vel ocity signal and right velocity signal) are converfed into | ow

frequency %&ﬁ%léy NRLot % WHd gﬂ&?@ﬁb%hfcem&%rﬂ&!&z ahBe w@%bfra%gaency

bands (left veloci'ty signal an t velocity signal) becone 1/N and the

nurber of ) 8L LaBLEROLSe ST ANSANt brohedetad AL 100 d epbRace

measur ement ‘processing nay be ect|ve y perforned. [00

to the quadrature modulator 85.

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

[0058]

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

As described above, according to the present invention,

35



A clock signal is input froma clock 160 to the A/D converter 31 and the
A/ D converter 35. The clock 160 synchronizes the outputs of the A/D
converter 31 and the A/D converter 35, and synchroni zes the digital signal
of the left velocity signal output fromthe A/D converter 31 and the
digital signal of the right velocity signal output fromthe A/D converter
35. The quadrature nodul ator 110, the frequency neasurenent unit
120, the qidereiaye ansdieReort1gdognahdnpunirPuttdic §2050¥ HE Fhragerted

di fference neasurenent unit 150, and the clock 150 are included in the

si gnal prodassi hgeappdlr dNud s160bifgeyy] number) REREUERCEpRYi fFredesnpyti ng
nmet hod of phase difference neasurenent conputation in the signal processing
appar at us tevieldsistratdthe phEls€ diX fieratusraf bed conversiowigmedsured.
measurenent tubes 2 and 3 are vibrated by the vibrator 6 of a Coriolis

fl owet er Thetred oaet, pathesEghaks fdefngviehodne sagrblisandwayghtisgél oai ty
signal) fromthe vibration velocitysensor 70 (leftpick-off 7

andri ght pi ekagfizeBinormpdgiatt inveheisnasukeskithdribas Zreqierdand oheai ned
as input signals of the LPO and the RPO as illustrated in FIG 2.

In this caggaskhandnpetocsigaksqgabit he bR&haBd bheaRPGhase defassdies

follows (bo: phase difference between LPO and RPO). [Expression 1] R ght

pi ck-of f: %&n£@%§é%ature of the fluid to be measured, the flow rate may
be measured without almost affecting calculation precision or
computing interval.

[0059]

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

When a phase and velocity signal of the Coriolis flowmeter
of which the driving frequency is 1,000 Hz is to be measured,
it is necessary to change a sampling rate and a filter table,

and hence the calculation precision or the computing interval
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[ ExXpression 2] Left pick-off: sin(6+69)(2) [0071] The out put signals
(left velocity signal LPO and right velocity signal RPO fromthe two
sensors (left pick-off 7 and the right pick-off 8) are converted fromthe
anal og signals into the digital signals by the A/D converters 31 and 35

t hrough the | owpass filters 30 and 34 provided in the converter of the
Coriolis floweter 1, respectively, and then transferred to the signal
processi ng gt us 100. As descri bed above, the signal processing
apparatus 100 is divided into four blocks including the quadrature

nmodul ators 110 ankPOE30, the frequency neasurement unit 120, the transmitter
140, and the phase difference neasurenent unit 150. A phase difference

bet ween t he out puin shgreadriPG § fdowmsselredf Whilsh bhe drianida hseduepay
signal RPO fromthe right pick-off 8 is computed, and then converted into a
flow rate sisgh@f Hpdsesi ol peotessimnayceirdnab toutipprésent theehicéquency
measurenment unit 120 and tenperature data detected by a tenperature sensor
9. [0072] as illushhmtdel dat iIRKIE.Si3gndlorofextbmglw bmdteinon velloei by N is
(outlet-side velocity signal) generated on the |left side of the measurenent
tubes 2 andet tehiachn § debeciwrdrbya theedwdicpiek-0fthage and rplbctiayt he

| ow-pass filter 30 illustrated in FIG 5. The lowpass filter 30 outputs a

sine si gnalgi(gidieingst ifkbisiHat&8sbp iE11G0 Bz, khem Wi dhay haebarkeeteai se i s
renoved to elimnate the influence of aliasing in AID conversion. The sine

signal (singl:PubBYL HZ OMhhRe; 4 OWsP@ss flddsr B8 BSedild s} EBhedrkAoH, G 6
is sanpled for digital signal
the phase and velocity signal is filtered and then phase
calculation is performed.

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

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

[0061]

Further, in the present invention, as illustrated in FIG.
4, the method of performing the 1/N conversion on the phase

and velocity signal includes a method of frequency shifting

the input frequency without being divided. 1In the case of the
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conversion at an arbitrary constant interval by the A/D converter 31 to
obtain a sanpling signal (sine) as illustrated in FIG 7, and then out put
fromthe A/D converter 31. [0073] The signal (sine) as illustrated
in FIG 7, which is output fromthe | ow pass filter 30 and sanpl ed for
digital signal conversion by the AID converter 31, is input to the
quadrature nodul ator 110 and the frequency neasurenment unit 120 of the

si gnal procesiphbpparatnaseIce illustrated indl&G 45 thuteper frgaueRAY M tt er
out put signal output fromthe transmtter 140 is also input to the

quadr at ur e hoditequenaylhifted withpart ted neessricieent angl henegk thereut put
signal frequency output fromthe frequency neasurenent section 120 is input
to the transsrat fenttz6,thde ttheafdpivssa ton nfaneeereycslgnad WikXwutofloske
transmtter 140 is transmtted at a desired frequency based on the

measur enentovad uei Ifet ey aufi it Si gnal frequency, and a cosine signal

(cos0OXn) as illustrated in FIG 8 is output at the same transm ssion
output rate as tlmsaRRhiple, hehvaheoinphie &l sigralbjgridee tA/ D/N
converter 31. [0074] When the signal (sine) as illustrated in FIG

7, which i sfehadmed @syidieodlif tial tHegralsebyhrsamel icoghptingArDowarY et er
31, is input to the quadrature nodul ator 110, the input signal (sine) from

the A/D converdfiratled Spsebiect ed, b 13- degpeteshi {51 00sd BudiRdtRERo
portion of the quadrature nodulator 110 to generate a signal (cosT) as

I11ustrat edl}mfﬁgggeac Ve £ 16, S m'reg%q_g,@feﬁsﬂﬂéﬂ a%fﬂ@piﬂg{wbﬁh@ 8,

which is output fromthe transmtter 140, is Input to the quadrature

nodul at or ]ljsoé_gt%gow&puttﬁ% Meétcoqsahqmt fﬂeormég}g_é}g if{ter 140 is

subj ected to gre€ s ting in e 1 nner portiom of the quadrature
nodul ator 110 to.generate a.signal (sinTXn) .as.il]ustrated._ L. .

In the quadratureq%r%lﬁs'dulwae(glr ,p%ﬁlﬁ(aedtaéltdfj(r\)eelforcel& eﬁ? n%olngesr sgiug)ﬂg;cgé%
performed for dul ation.shifti based on .4 .0-degree_sjgnal and - degree
C gnal of b WADHPIEFORAPT Y rESe R RDIA G b AverPot 13130 OF §PFoqr oo
signal and 90-degree_signal of_the input signal %coseXn fromthe
transmitt erCOMP L TAOVE tEEnat APBE R EPR- ST G - siﬁ%‘é&é‘b’)ﬁ?— EOBOETRENRN) of
the input signal (sine) fromthe A/D converter 31 as illustrated in FIG

11. The gerdr &GRSl shidued remiaeausisaratitte thsd did6r PEO%f t he

signal processing apparatus 100 illustrated in FIG 5, , _
may be reduced to 1/N, and hence very effective filtering may

be achieved as compared with before frequency shifting.

[0062]

FIG. 5 illustrates the specific structure of the signal
processing apparatus illustrated in FIG. 1.

In FIG. 5, a left pick-off (LPO) 7 (corresponding to left
velocity sensor 7) is connected to a low-pass filter 30. That
is, during vibration using the vibrator 6, when a detection
signal of a vibration velocity (outlet-side velocity signal)
which is generated on the left side of the measurement tubes
2 and 3 is detected by the left pick-off 7, the detection signal
of thevibrationvelocity (outlet-side velocity signal) is input

to the low-pass filter 30.
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[ 0075] The phase difference between the output signals (left
vel ocity signal and right velocity signal) fromthe vibration velocity
sensor 70 (leftpick-off 7 andrightpick-off 8) provided in the nmeasurenent
tubes 2 and 3 in the case where the neasurenent tubes 2 and 3 are vibrated
by the vibrator 6 of the Coriolis floweter 1 is conputed by the four

bl ocks including the quadrature nodul ators 110 and 130, the transmtter
140, the phase diftelefceesisliermBMitariresot My tHe ¢ liehByough
measurenent unit 120, included in the signal processing apparatus 100
i1lustrated ifreAuency. fThear. torelx énrpavedr pausecHi ¥giy aiedecigycohgealed
into the flow rate signal based on the frequency signal output fromthe
frequency neEasurenenidaunialot2@vard griad )t Empar dher éedat sedetrétvedipyalhe

tenperature sensor 9. [0076] Next, an operation of the signa
processi ng @ppdreat-si A0 alldaistyr atigohailn BuGpul ifsodesbei befitwiehocikfgrence
to time charts illustrated in FIGS. 12 and FIGS. 13. First, in the

| ow pass fidetraror30 dddatstingt eteividda®idn vabheoiay hamamnitediohsthd sefenoved
to elimnate the influence of aliasing inA/D conversion, a sine signal

(sine) as idilasstofatted mealh@errts taepUb. and 3 inV\bBBt Basei #Re8EgORAE
(sine) illustrated inFIG 6 is output, the sine signal (sine) illustrated

in FIG 6 infeddtitdmdr® tth®ed B eofver e Fiortes vyhensd gndratsrsanpl ed for
digital signal conversion at an arbitrary constant interval by the A/D

converter 31 to [@htaijn a sanpling signal (Yl=sine) as illustrated in FIG
12(A) and output fromthe A/D converter 31. [0077]

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

[0064]

On the other hand, a right pick-off (RPO) 8 (corresponding
to right velocity sensor 8) is connected to a low-pass filter
34. That ig, during vibration using the vibrator 6, when a
detection signal of a vibration velocity (inlet-side velocity
signal) which is generated on the right side of the measurement
tubes 2 and 3 is detected by the right pick-off 8, the detection
signal of the vibration velocity (inlet-side velocity signal)
is input to the low-pass filter 34.

The low-pass filter 34 isacircuit for extracting, through

a frequency filter, only a low-frequency right velocity signal

39



The sanpling signal (sine) illustrated in FIG 12 (A) , which is output
fromthe A/D converter 31, is input to the quadrature nodulator 110 and the
frequency neasurenent section 120 of the signal processing apparatus 100
illustrated in FIG 5. The frequency measurenent section 120 of the
si gnal processing apparatus 100 neasures the frequency of the left velocity
signal (out]let-side velocity signal) which is obtained as the digital

si gnal by démietsisdsiepyetlipeiyDSégnadst EFomithe right ypkpcihy $EgRal
velocity signal (outlet-side velocity signal) which is obtained as the

di gi tal si dralledy sidevedioon thyy stBaah) Dovbaver fspm3the srigpit veboehey
quadrature nodul ator 110 of the signal processing apparatus 100 il lustrated
in FIG 5, semsompdetecgnal s nebrat dom tvied odiDycarneratead g1 tihe sidiect ed
to 90-degree shifting in the inner portion to generate a signal (cose) as
il lustratedide BEGthe2meBpuremedt8rulebr 2qardcy $nghhé ceasuvedrdasied on
the digital signal output fromthe A/'D converter 31 is output fromthe
frequency measwirement $e®kisor 2@ of atke vibgaakdpbycedei ndbapparatus 100. A

measur enent val ue of the output signal frequency output fromthe frequency
measur enent sectif@ps20 is input to the transmtter 120. The transmtter
120 to which the output signal
The low-pass filter 34 is connected to an A/D converter
35. The A/D converter 35 converts the right velocity signal
(inlet-side velocity signal) which is the analog signal output
from the low-pass filter 34 into a digital signal.
Further, the signal processing apparatus 100 is connected
to the A/D converter 35. The signal processing apparatus 100
performs 1/N quadrature frequency conversion on each of the
right velocity signal (inlet-side velocity signal) and the left
velocity signal (outlet-side velocity signal) and performs the
phasemeasurement after the frequency conversion, soas toreduce
the input frequency band to 1/N and realize stable phase
measurement.
[0066]
In the signal processing apparatus 100, the signal from
the A/D converter 31 is connected to a quadrature modulator
110. The quadrature modulator 110 performs 1/N quadrature
frequency conversion on the left velocity signal (outlet-side
velocity signal) .

Further, the signal from the A/D converter 31 is connected

to a frequency measurement unit 120. The frequency measurement
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frequency is input generates the transm ssion frequency signal (01(n)
satisfying the foll owi ng expression eXn=ex(1l-1/N) based on the output

signal frequency, and outputs a cosine signal (Y3=coseXn) as illustrated in
FIG 12(C) at the sane transm ssion output rate as the sanpling interval of
the input signal in the A/D converter 31. [0079] The cosi ne signal

(Y3=cos8Xn) as illustrated in FIG 12(C), which i.s output fromthe

transmitt ePRi50,120s MSRFAHT YD § hETYUREHEY uPé MBGuI&Sr ‘%l ARt P Losi ne
signal (Y3=cosOXn) as illustrated in FIG 12(C)_is input to the quadrature
nodul at or 1P8tlefesdesi velerghul ST¥BEtbsRInEd M GOAVELEdNEInFIEC 12( O),
which is input fronthe transmtter 140 , is subjectedto 90-degree shifting
t o gener at 8igisipAe igngal by Yresh fexanvaster Bdst ke égftvericcity® Ignat 0080]
In the quadrature nodul ator 110, quadrature frequency conversion is
perfornmed flontdetukatieonedhicfityngibnséd ontphe Ordugrke L¢ghareberity

90- degree signal of the input signal (sine) fromthe A/D converter 31 and
t he 0- degr sensbgrmalbeardt9Dgdeys ee bsiagnahn ofleodhety geme rsitgdadn theskedt) from
the transmtter 140, so as to generate, as the 1/N-signal

(si necosOXsidgesesi aXnheabuirbfehnputibesgpabndsdnep thencéde Wi&reonvert er
31, a sine signal (Y5=sinecoseXn-cosesinexXn=sin(e/N)) as illustrated in

FIG 13(E) medBarshBatstopak 2 6¥3-Si aeeoseXracesediyneXe=stib8Lh)) cas
illustrated in FIG 13(E), which is generated by the quadrature nodul ator

110 is output frep-therquad aiyns1 madd ahon/ blibfetther skgnatophiecesai ng
apparatus 100 illustrated in FTG 5 and input to the phase difference
measur enent oURi £, d3Pature modulator 130. The quadrature modulator 130
performs 1/N quadrature frequency conversion on the right
velocity signal (inlet-side velocity signal).
| [0067]

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

The output signal from the transmitter 146 is input to
the quadrature modulator 110 and the quadrature modulator 130.

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

modulated by the quadrature modulators 110. A result obtained

by modulation, that is, one of a sum of or difference between
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[ 0081] Further, in the lowpass filter 34 illustrated in FIG 5,
when a harnonic noise is renoved to elimnate the influence of aliasing in
Al D conversion, a sine signal (sin(0+4)) is output. When t he sine
signal (sin(8+5p)) is output fromthe |owpass filter 34, the sine signal
(sin(8+5p)) is input to the A/D converter 35. Then, the signal is sanpl ed
for digital signal conversion at an arbitrary constant interval by the A/D
converter BBe frequencrfs e&pPihdhs fppnt (S§19ﬁ’@dﬁ45’§s%@tcﬁh1;h?racﬂﬁlttﬁé’%| D
converter 35 is subjected to 90-degree shifting in the inner_ portion of the
quadr at ur ethedurat b¢ W36 forgénedueecy Fusithidsi gide PebBEB5iH)JUeTD082]
The cosine signal (Y3=coseXn) as illustrated in FIG 12(C, which is output
from the tpénsing ttremshRi0;tdrs 1idlpue ¢mtmlmmmﬁ@aﬁoﬁhﬁan@u11@@0Wen

t he cosine signal (Y3=coseXn) as illustrated in FIG 12(C) is input to the
quadr at ur efredukatorbddines he/Itosi tiee dingnerl £¥GuenseXof) the ihbustiefted
inFIG 12(C), which is input fromthe transmtter 140 , is subjectedto

90- degr ee vesbifitiyngiynageneuatetasstseveilgoaty(¥4gaan8Xn) as illustrated
in FIG 12(D). [0083] In the quadrature nodul ator 130, quadrature

frequency converg§hen the Refdaheeef 08 o Medibhd + o1 sdbbideyg tiarethiosvd he
O0-degree signal and 90-degree signal of the input signal (sin(0+50) from

the A/D copuerhetnd5-and bherfHzd80588a6188ahodntaO8r degs peaségnah et he
i nput signal (cosexn) fromthe transmtter 140, so as to generate, as the

1/ N si naI f n 5, afc &k ne
si gnal g( Y6 éii%??uggp% é%lgﬁ%f g\liid:rf@) astrr%m Egﬁ gﬁtie?g@?ﬁ%}i%@hﬁé( Fa)\L

Thesi nesi g Q%X méﬁggéﬁ 43 P& geﬁ‘c @é%%%%léﬁ' LLustnet6the8 £ GDeddhd) .

which is g nera he qu rat re no ator 130 1s output fromthe

I A ULeATRGE Phe L0l | EESLOREY BEOGARS PIGARDYAS cl00g1 Ghatpt r At ed

in FIG 5 ke phas ence nmeasurenent unit “150

(inlet-side velocity signal) input from the A/D converter 35,
based on the output frequency output from the transmitter 140.

[0068]

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

When such a structure is employed, according to this

embodiment, the input frequencies (left velocity signal and
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[ 0084] As descri bed above, both the sine signal (Y5=sin(T/N)) as
illustrated in FIG 13(E) , which is output fromthe quadrature nodul ator
110, and the sine signal (Y6=sin(T/N+df)) as illustrated in FIG 13(F),
which is output fromthe quadrature nodul ator 130, are input to the phase
di fference nmeasurenent unit 150. In the phase difference neasurenent
unit 150, a signal (Y7=59) illustrated in FIG 13(GQ is output as aphase
di f f er ence BFHayEd 064 tvhelgNad) M ACVESEetn L BER) )oY (HreeRcydPPRIEI G
13(E), which is output fromthe quadrature nodul ator 110 and input to the
phase di ff etleitef mwstremeencidsl - 150eraf@nechetae Aapsitghieg AYemBay RATARH4) )
illustrated in FIG 13(F), which is output fromthe quadrature nodul ator
130 and i nplitefio weleqittas e idinfefle rent & Lgids nedwent yusigna30. bpooss] 1/N
When the conputing interval is synchronized with the sanpling tinme as
descri bed &l éehet hembeal of ifniEl tper tabileisc &s f orgphsesmels wrestvesd .maynbe
i nproved. Further, each of the set of vibration velocity signals
(sine and sidyifttHdin,) thesSubh£eé ethdasutemesaneppboeessingg hay phaseore
cal cul ation, and hence there is alnbst no conputing error. Therefore,
accur at e phase @alvwihatderrdmede achi eved. [ Enbodi nent 2] [0086]
[0069]
Aclocksignal is input froma clock 160 tothe A/D converter
31 and the A/D converter 35. The clock 160 synchronizes the
outputs of the A/D converter 31 and the A/D converter 35, and
synchronizes the digital signal of the left velocity signal
output from the A/D converter 31 and the digital signal of the
right velocity signal output from the A/D converter 35.
The quadrature modulator 110, the frequency measurement
unit 120, the quadrature modulator 130, the transmitter 140,
the phase difference measurement unit 150, and the clock 150
are included in the signal processing apparatus 100.
[0070]
Next, a specific computing method of phase difference
measurement computation in the signal processing apparatus 100
illustrated in FIG. 5 is described.
When the measurement tubes 2 and 3 are vibrated by the
vibrator 6 of a Coriolis flowmeter 1, the output signals (left
velocity signal and right velocity signal) from the vibration

velocitysensor 70 (leftpick-off 7andright pick-off 8) provided

in the measurement tubes 2 and 3 are obtained as input signals
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Herei nafter, Enbodiment 2 of a node for carrying out the present invention
is described with reference to FIGS. 14 and 15. FIG 14 is an
operational flow chart for the specific structure of the signal processing
apparatus illustrated in FIG 5 and FIG 15 is a block diagramillustrating
the frequency measurenent unit of the signal processing apparatus
illustrated in FIG 5. [0087] FIG 14 is the flow chart illustrating
quadr at ur e fr &ggehdp ABdultiel 8BFCaRg pRagetwaLsdr éReRLCi n2phase difference
measur enent conputation of the vibration velocity signal conputing device
80 illustrated | AnFEisigasmi chhé sinpeld Figmalte ofi §hal LBPoeedsthy BYpar at us
100 illustrated in FIG 5. In FIG 14, in Step 200, paraneters of

t he vi br at iage delfovetlyasi fmhlowsnpup i miiadey iddd feGeinkcleuberaeed FTRORUGE 1 are
initialized. Wien the paraneters of the vibration velocity signal computing
device 80 @&p®)i.nitialized in Step 200, in Step 210, the phase and velocity
signals fromthe two sensors (left pick-off 7 andrightpick-off 8) are

sanpl edat arfishdoraisgsamphing i ntervals by the AID converter 31 and the AID
converter 35 to generate a sine waveform and a cosine waveform

respecti velRighkagadronrirhe ssanphed data. [0088] When t he sine
wavef orm and the cosi ne waveform are generated in Step 210, in Step 220,

the frequengy9ksihensanpl ed data is measured by the frequency neasurenent
unit 120 and an N-value is determ ned based on the neasured frequency.

When t he lue ;i-$ _deter gisned ispySte 20, in Step 230, the neasured
frequenclelééEIL i?ﬁgzdgbg'agges ﬁagget F%%quency division value MI" to

determne a freqqgggx]after guadrature frequency conversion.

The output signals (left velocity signal LPO and right
velocity signal RPO) from the two sensors (left pick-off 7 and
the right pick-off 8) are converted from the analog signals
into the digital signals by the A/D converters 31 and 35 through
the low-pass filters 30 and 34 provided in the converter of
the Coriolis flowmeter 1, respectively, and then transferred
to the signal processing apparatus 100.

As described above, the signal processing apparatus 100
is divided into four blocks including the quadrature modulators
110 and 130, the frequency measurement unit 120, the transmitter
140, and the phase difference measurement unit 150. A phase
difference between the output signal LPO from the left pick-off
7 and the output signal RPO from the right pick-off 8 is computed,
and then converted into a flow rate signal based on the frequency
signal output from the frequency measurement unit 120 and
temperature data detected by a temperature sensor 9.

[0072]
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When the frequency after quadrature frequency conversion is determned in
Step 230, in Step 240, a sine reference signal waveformand a cosine

ref erence signal waveform are generated by the reference signal transmtter
140 and the quadrature frequency conversion is perforned by the quadrature
nmodul ators 110 and 130 based on the reference waveforns. As a result, each
frequency- nodul ated signal has a value equal to 1/ N of the input
frequency. [0089]The detopehoRheSggBatat Gfe FREqUEALFaEdRPer §iEdRGISY
performed in Step 240, in Step 250, the quadrature nodulators 110 and 130
send, to théophhsk-8ife eyeheel MaagigeaehtIenaTatIsh on Hdisi ke tsisgig ofnd t he
cosi ne signal which are generated as the sine waveform and the cosi ne

wavef or m eakhe Haga sigremdnie qusrey 2egual 3t ovhinhofstdetéeciped Yy ddedeyftby
guadrature frequency conversion, based on the reference waveforns, on the
si gnal s obtpidkdob Bamsl ingutheo pliesd candassl ddiltygrsd griallsustrated in
arbitrary sanpling intervals by the A/D converter 31 and the A/ D converter
35. Mhen 3 he TSiendosi-gpaak andtelre3 cosutipuss ghadirsy eisprdl t(@iklee phase
di fference nmeasurenment unit 150 in Step 250, in Step 260, the phase

di ff erence a@dgunenenatednih FI5Q calfewmatiesch Rehphasei dinbligkens edirsed on
the sine signal and the cosine signal which are the phase and velocity

si gnal s havidge1hei d4 e f Fregusneruahd € o ar£1 bt ahdeth b/ heodveaueney
nodul ati on and out put fromthe quadrature frequency nodul ators 110 and 130.

Tor Dhect Toasyrenmni o Fodlap sy aren bl el spuann o singss voe
e”bOdinEnt’B@-Q@thggug§kﬁge&h§np@&@ﬁiQigigfsampled for digital signal
conversionat anarbitrary constant interval by the A/Dconverter
31 to obtain a sampling signal (sin6) as illustrated in FIG.
7, and then output from the A/D converter 31.

[0073]

The signal (sin®) as illustrated in FIG. 7, which is output
from the low-pass filter 30 and sampled for digital signal
conversion by the A/D converter 31, is input to the quadrature
modulator 110 and the frequency measurement unit 120 of the
signal processingapparatus 100 illustratedinFIG. 5. Further,
a transmitter output signal output from the transmitter 140
is also input to the quadrature modulator 110.

When the measurement value of the output signal frequency
output from the frequency measurement section 120 is input to
the transmitter 140, the transmission frequency signal (6Xn)
of the transmitter 140 is transmitted at a desired frequency

based on the measurement value of the output signal frequency,

and a cosine signal (cos6Xn) as illustrated in FIG. 8 is output
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phase-1 ocked | oop (PLL) is used for the frequency neasurenent nethod. The
PLL is an electronic circuit in which a signal which is equal in frequency
to an input alternating current signal and | ocked in phase therewith is

out put from another oscillator by feedback control. Therefore, the
PLL is fundanentally a phase-lock circuit and nmay produce a signal |ocked
in phase with an input signal. The PLL is anoscillation circuit for

f eedback- comt rudld isageahrassmnibaton dutmutd cepef e Oseiddngiliiony sotehsahla
phase difference between a reference signal input froman outside and an
out put fromt hehostiplhatoighal the tioom /s consdedr 3Mherefore, the PLL may
be relatively easily constructed using a conputing device and may perform
hi gh- speed conput ggda. [ 0091] The frequency neasurenent unit 120
has the structure as illustrated in FIG 15. That is, the AAD

converter 31 is gaueahrd digraimukthphi g8 121lusPRasd pih Fiom7t hghALR
converter 31 is a left velocity signal (outlet-side velocity signal) sine

obtained in a,6858n¥HRIL e lé)@&%‘&&h%’lgﬁaghw sQbp 81 My R AIHOR/ yebagkk¥er

(outlet-side velocity signa avi ng"a phase difference and/or a vibration

( ._ avi el | | o
requency pyppQrt %gﬁak {9t ﬁaakﬁggi»grngﬁdﬂﬂﬁ}; 1.1%,%9@1%% WEE?}IQQ ef t

side of the pair neasuremnment tu n the neas tubes 2
o ck-of 17 IS, CHo neby ol BaskifeYbEE 30" 18 YRIEEFRR ED 26 tROFRE  Lency
aigital o Gte o R Re R g5 Lt draate nEl R B Ee A fer
i gi tal s QHABeBy SEb AR A by <DRE) 0 DIdaRPETEF At Dho DRELETST an
out put signal cosd output fromthe transmtter 123 faor fre

measur enentSHRE LUCHSELY has sty i d A& FOR: phrs WP LF %‘gt%’c‘}/t[ GRS

the transmitter 140, is input to the quadrature modulator 110,
the input signal (cos6Xn) from the transmitter 140 is subjected
to 90-degree shifting in the inner portion of the quadrature
modulator 110 to generate a signal (sinbXn) as illustrated in
FIG. 10.

In the guadrature modulator 110, quadrature frequency
conversion is performed for modulation shifting based on a
0-degree signal and 90-degree signal of the input signal (sin®)
from the A/D converter 31 and a 0-degree signal and 90-degree
signal of the input signal (cos©Xn) from the transmitter 140,
So as to generate a 1/N-signal (sinBcosbXn-cosBsinbXn) of the
input signal (sin®) from the A/D converter 31 as illustrated
in FIG. 11. The generated signal is output from the quadrature
modulator 110 of the signal processing apparatus 100 illustrated
in FIG. 5.

[0075]
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Therefore, anoutput end of the nultiplier 121 is connected to the | ow pass
filter 122. The low pass filter 122 extracts only a | owfrequency signal
fromthe output signal output fromthe nultiplier 121 through a frequency
filter. Thus, in the multiplier 121, by the product of the left

vel ocity signal sine by the output cosd of the transmtter for frequency
measurenment, a sumsignal and a difference signal of T and 6 are generated.
However, in this Wusohasm|diffatiericed hetagea @@ﬁp@ﬁé@ﬂtl§16%ﬁi§cﬂg§fFron1

t he output signal output fromthe nmultiplier 121. [0093] The

| ow pass fitelrciltad? signadnasdteigho velectitansipned) I3 ftdhe vikgabhey
nmeasurenent. The transmtter 123 for frequency neasurenent generates phase
data 6 based:lrcithesténset requerfyp silgnal £ danguti ghrtgm ¢ireo O pasyifiett er
122. The transmtter 123 for frequency measurenent outputs

t heout put si gnahe asbGiseirfeeant tyibéepEHA 3 Lntttenubsepheare ti@heatheephase of
the input data (sine) obtained as the digital value by conversion by the

A/ D conver tiibedl 2 sinconpakedvibi-Btblebphase ofotdwo0 put thiegoakionsé and
the difference signal and the sum signal thereof are output fromthe

| ow pass figtdmdizd: A figedagdudDdpoy sther rerhirsusivdibat i et painglathe” V"
(frequency conputing functionV) of only the difference conponent obtained

by filtering,hy-ddie-d oWdassdid tero ke heemhl . 1008k ter 140, WoaR the

structure as described above is described mathematically, as in t he

frequency eqER eyﬁh&el?n% A &hid) ELG, kha (06| BRUbushEgal 1

expressed Sl ne an e out put signha fransmtter 123 f

frequency 'I%eaa%{{] ’}} B %prﬁg@ed ﬁ%lﬁﬁ?ﬁ Mpeqythe E%\Qai"’a‘é‘%%%gﬁlﬁ e

mul tiplied ElpF] £ owng is ob ned pressi on 3]
| apparatus 100 illustrated in FIG. 5. Then, the computed phase
difference is converted into the flow rate signal based on the
frequency signal output from the frequency measurement unit
120 and the temperature data detected by the temperature sensor
9.

[0076]

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

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

Whenthe sinesignal (sin®) illustratedinFIG. 6 isoutput,
the sine signal (sin®) illustrated in FIG. 6 is input to the

A/Dconverter 31. Then, thesignal is sampled fordigital signal

conversionatanarbitraryconstant interval by theA/Dconverter
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sin o. cosO =-(sin(61l+ 8)+sin(9- 8)) 2(3) Input waveform sine
Qut put wavef ornoftransm tterforfrequencyneasurenent: cos8 [0095]
the nultiplied value (sine.coso) is filtered by the | owpass filter 122, a
hi gh-frequency conponent is renoved by the | owpass filter 122. Therefore,

t he frequency conputing function V output fromthe | ow pass filter

expressed

as follows. [Expression 4] V:sin(0-5;(4) .
31 to obtain a sampling signal (Yl=sin®B) as illustrated in FIG.

12 (A) and output from the A/D converter 31.

[0077]

The sampling signal (sin®) illustrated in FIG. 12(3),
which is output from the A/D converter 31, is input to the
quadrature modulator 110 and the frequency measurement section
120 of the signal processing apparatus 100 illustrated in FIG.
5.

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

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

[0078]

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

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

transmitter 120. The transmitter 120 towhich the output signal
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Whena val ue of (0-6) in Expression (4) is a sufficiently small value (
the frequency conputing function V nay be approxi mately expressed as

foll ows.

[ EXpressi on 51 V=0-5=0(5) [0096] When an out put wavefo

the output signal of the transmitter 123 for frequency neasurenent is

controlled so that the frequency conputing function V becones 0, the p
0 of Expression (5) may be obtained. When Ta indicates a neasur
sanpl i ng i nEeeIRNCY hE Ptk IeNBEREEE FhefhaRePpiesnvBriemsaitRipgal

obt ai ned by the met hod as descri bed above is conputed using the foll ow ng
Expressi on (Bn) Bariestiioy (e fnd ®wipressimsiessgen and as a result, a
frequency "f" may be obtained. [0097] [Expression 6] SO= AT co=2.7r

8Xn=6x(1-1/N)

based on the output signal frequency, and outputs a cosine signal
(Y3=cos6Xn) agsillustratedinFIG. 12 (C) at the same transmission
output rate as the sampling interval of the input signal in
the A/D converter 31.

[o079]

The cosine signal (Y3=cosfXn) as illustrated inFIG. 12(C),
which is output from the transmitter 120, is input to the
quadrature modulator 110. When the cosine signal (Y3=cos6Xn)
as illustrated in FIG. 12(C) is input to the quadrature modulator
110,thecosinesignal(Y3=cos@Xn)asillustratedinFTG.12(C),
whichis input fromthe transmitter 140, is subjectedto 90-degree
shifting to generate a sine signal (Y4=sin6Xn) as illustrated
in FIG. 12(D).

[0080]

In the quadrature modulator 110, quadrature frequency
conversion is performed for modulation shifting based on the
0-degree signal and 90-degree signal of the input signal (sinf)
from the A/D converter 31 and the 0-degree signal and 90-degree
signal of the input signal (cos6Xn) from the transmitter 140,
so és to generate, as the 1/N-signal (sinf6cos6Xn-cosfsinbXn)
of the input signal (sin®6) from the A/D converter 31, a sine
signal (Y5=sinfcosbXn-cosbfsindXn=sin(6/N)) as illustrated in

FIG. 13 (E) . The sine signal
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ATi ndi cat esachangei nti neandi sequal t ot heconputing interval (sanpling rate).
Therefore, the phase (0) is expressed as follows. [Expression 7]
9=2-n-f.Ta(7) where Ta: change in tine (sanpling interval) (sec.) f: input
frequency (Hz) 0: change in phase (rad) [Expression 8]

(Y5=sinbcosbXn-cosbsinbXn=sin(6/N)) as illustrated in FIG.
13(E), which is generated by the quadrature modulator 110 is
output fromthe quadraturemodulator 110 of the signal processing
apparatus 100 illustrated in FIG. 5 and input to the phase
difference measurement unit 150.

[0081]

Further, in the low-pass filter 34 illustrated in FIG.
5, when a harmonic noise is removed to eliminate the influence
of aliasing in A/D conversion, a sine signal (sin(6+0¢)) is
output.

When the sine signal (sin(6+3¢)) 1is output from the
low-pass filter 34, the sine signal (sin(6+%¢)) is input to
the A/D converter 35. Then, the signal is sampled for digital
signal conversion at an arbitrary constant interval by the A/D
converter 35.

The sampling signal (sin(©+8¢)) output from the A/D
converter 35 is subjected to 90-degree shifting in the inner
portion of the quadrature modulator 130 to generate a cosine
signal (cos(6+d09)) .

[0082]

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

whichis input fromthe transmitter 140, issubjectedto90-degree
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T: Sanpling interval f: Input fruquency 0: Input phase When such
calculation is perforned by the frequency neasurenent unit 120, high-speed
frequency neasurenent maybe achi eved. [0098] (2) Quadrature Frequency
Modul at or In FIG 5, the quadrature frequency nodul ators 110 and 130
have the sane structure andeach obtaina frequencydifference between two
i nput signals to output a frequency signal. Sinultaneously, each of the
quadr at ur e $REGUERE - IECUEEEEFSA gEE S1653dnHYHTEHUPE h &F dralssrehEGonal
to the frequency signal. That is, the detection signal of the
vi bration vERoEI®y 1d(R) et-side velocity signal) generated on the left side
of the nmeasurenent tubes 2 and 3 vibrated by the vibrator 6 is detected by
the left pick-of f[0Q83he detection signal of the vibration velocity
(outlet-side velocity signal) detected by the left pick-off 7 is input to
the | ow pass filteEr 3 quUBSture modulator 130, quadrature frequency
conversion is performed for modulation shifting based on the
0-degree signal and 90-degree signal of the input signal
(sin(6+8¢)) from the A/D converter 35 and the 0-degree signal
and 90-degree signal of the input signal (cos6Xn) from the
transmitter 140, so as to generate, as the 1/N-signal of the
input signal (sin6) from the A/D converter 35, a sine signal
(Y6=(sin (6+5¢-6Xn) =sin(6/N+5¢) ) as illustrated in FIG. 13 (F).
The sine signal (Y6=(sin(6+5¢p-6Xn)=sin(0/N+d¢)) as illustrated
in FIG. 13(F), which is generated by the quadrature modulator
130 is output from the quadrature modulator 130 of the signal
processing apparatus 100 illustrated in FIG. 5 and input to
the phase difference measurement unit 150.
[0084]
As described above, both the sine signal (Y5=sin(6/N))
as illustrated in FIG. 13(E), which is output from the quadrature
modulator 110, and the sine signal (Y6=sin(6/N+d¢p)) as
illustrated in FIG. 13 (F), which is output from the quadrature
modulator 130, are input to the phase difference measurement
unit 150.
In the phase difference measurement unit 150, a signal

(Y7=5¢p) illustrated in FIG. 13 (G) is output as a phase difference

5¢p based on the sine signal (Y5=sin(6/N)) illustrated in FIG.
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The anal og signal of only the | owfrequency left velocity signal
(outlet-side velocity signal) is extracted by the |lowpass filter 30 from
the left velocity signal (outlet-side velocity signal) output fromthe |eft
vel ocity sensor 7, converted into the digital signal by the AID converter
31, and input to the quadrature frequency nodul ator 110. In the
quadrature frequency nodul ator 110, the frequency difference is obtained
bet ween t held & k. weligdi tiy sugrat foomn| die Jurdnadiwes MPRiigiar) 1aki 8Rdi s
detected by the left velocity sensor 7, output fromthe A/D converter 31,
and i nput tinphe wuddeanhesd dddfamnasdelRsugenent, vaid 1€, pradetBeni ned
frequency signal transmtted and output fromthe transmtter 140 based on

t he frequencinaeredsumednd it sval(G¢Naedtpput it tosttheedrbyity L& ur whaah unit
120. Sinul taneously, the signal orthogonal to the frequency signal is

gener at ed aid cawdputt frp@dl@0F quadrathuethedyldther del @Endnmgiugnédlo dhet he
vibration velocity (inlet-side velocity signal) generated on the right side
of the nmeagshaneniifidiemct athshvdhent hireaso.enent tubes 2 and 3 are
vibrated by the vibrator 6 is detected by the right pick-off 8. The
detection signal pfpgdshe vibration velocity (inlet-side velocity signal)
detected by the right pick-off 8 is input to the |owpass filter 34. The
anal og signal of wephy dihe it amieneyeFight s yeboabh¥onskeaalyitni Bhet - si de
velocity signal) is extractedby the | owpass filter 34 fromthe right

velocity si (Al - Si J HRl ) t fr t IF | ocity
sensor 7, con elrl'tﬂdtﬁtrgrltez %%iéié%%ﬁﬁﬁeagnal' t%i}lét Eleéta&/ ng?gn\%grrfg?hlgg\,égand

input to t t : In the quadrature
frequency rrhtel;oﬁllig}%ir)s?e %J{{eﬁ%&ﬁ%@ g"ﬁﬁreog%gic'e i s obtained between the
right velocity signal (inlet-side velocity.si.gnal). which i by the
right velocity sggls‘%lheg 85tc5hf°%f Fié% ?Qh%é %Iﬁ’lg)orﬁ%/%lr Vwervegéjﬁé%gtsﬁ%ﬁ Sto the
quadrature frequency nodul ator 130, and th redet erm ned frequency signal
t ransni ttedJ ﬁtlnggé’%‘pgﬁel?r %@Pﬁ—‘?‘f%& ‘%Zlot %ssead“eorg’ﬁ%eesf%rlél&éﬁgy
measur enent val ue output fromthe frequency neasurenent unit,h 120.

Si nul t aneokd13Ee ?%%C‘éfﬁﬁéPnoPt%@%‘ﬁ%? I frBREMS CBRE P $1§8er at ed
and output. [0101] Assune that the output signal (left velocity

si gnal LPOTRenqighte valstinat s iRite R CH 0 Ihday heatdIh-SEtdeity sensor
(left pick-off 7 or right pick-off 8) detecting the detection signal of the
vi brat i on vi@mhgdiyeaid 2lhe signal which is output fromthe transmitter 140
and input to the quadrature frequency nodul ator (nore specifically,
quadrature frequd®®géiodul ator 110 or 130) are expressed as foll ows.

Hereinafter, Embodiment 2 of a mode for carrying out the
present invention is described with reference to FIGS. 14 and
15.

FIG. 14 is an operational flow chart for the specific
structure of the signal processing apparatus illustrated in
FIG. 5 and FIG. 15 is a block diagram illustrating the frequency
measurement unit of the signal processing apparatus illustrated
in FIG. 5.

[0087]

FIG. 14 is the flow chart illustrating quadrature

frequency modulation and phase measurement in phase difference
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[ Expression 9] Vibration velocity sensor signal: sin(0) Transmtter out put
signal: cos (19X)(9) [0102] Therefore, in the quadrature
frequency nodul ator 110 or 130, 900-shift signals with respect to the

out put signal (left velocity signal LPO or right velocity signal RPO from
the vibration velocity sensor (left pick-off 7 or right pick-off 8) and the
signal input fromthe transmtter 140 to the quadrature frequency nodul ator

(nore spec iSSPy ARER 2L PR qREN &Y STodtPEE bit 07 1 IRk

23+2°3bt ai ned

from Expression 10 and Expression 11. [Expression 10] Sensor signal: sin(0)

Sensor si gEEMPIGCIShievispgRal i1twstn3tad)i Bt edsi ofrifly is uséd for

the signal processing apparatus 100 illustrated in FIG. 5.

In FIG. 14, in Step 200, parameters of the vibration
velocity signal computing device 80 illustrated in FIG. 1 are
initialized. When the parameters of the vibration velocity
signal computing device 80 are initialized in Step 200, in Step
210, the phase and velocity signals from the two sensors (left
pick-off 7andright pick-off 8) are sampledat arbitrary sampling
intervals by the A/D converter 31 and the A/D converter 35 to
generate a sine waveform and a cosine waveform, respectively,
based on the sampled data.

[0088]

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

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

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

frequency conversion is performed by the quadrature modulators
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Transm tter output signal: sin(OX) Transmtter 90-shift signal: cos(OX)(11)
[0103] Further, frequency differences, that is, (0-0X) conponents are
cal cul at ed based on signals obtained by frequency conversion on the
respective signals of Expression (10) and Expression (11) and 90-shift
signals after the frequency conversion. [Expression 121 sine cosex-cose

Si nex=sin (e-ex)g%é%ééExpression 13] case cosex-sine sinex=cqs (

9- Ebc) (13) 110 an afeden Fhe s FeaGifeNR e hHF at drsa FRFHTd 360 1 Q

signals of frequency differences between the input signal
frequency- modulated signal has a value equal to 1/N of the

input frequency.

[0089]

When the quadrature frequency conversion is performed
in Step 240, in Step 250, the quadrature modulators 110 and
130 send, to the phase difference measurement unit 150, the
sine signal and the cosine signal which are generated as the
sine waveform and the cosine waveform each having a frequency
equal to 1/N of the input frequency by quadrature frequency
conversion, based on the reference waveforms, on the signals
obtained by sampling the phase and velocity signals at the
arbitrary sampling intervals by the A/D converter 31 and the
A/D converter 35.

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

[0090]

(1) Frequency Measurement Unit

In this embodiment, a method using the principle of
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frequencies fromthe A/D converters 31 and 35 and the output signal
frequency fromthe transmtter 140 are generated and sent as respective
guadr ature nodul ati on outputs. [0104] (3) Transmitter The
transmtter 140 controls the frequency of the transmtter 140 based on the
result O obtained by neasurenment by the frequency nmeasurenent unit 120.
That is, in the transmtter 140, the transmtter 140 output cosexn is

det er m ned RiRFE t}Ekeheoort pEEL ry ey fer iR ffipaencyr BeASHEREEBE 110

beconmes 1/ N of the frequency O of the detection signal of the vibration
vel ocity (dWrtiedsi daeiloébay elgablronivicélciud tgendhaced signmkvheth side
of the 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.
ThePLLisanoscillationcircuit for feedback-controlling
anoscillatorinaloop foroscillationsothat aphasedifference
between a reference signal input from an outside and an output
from the oscillator in the loop is constant. Therefore, the
PLLmayberelativelyeasilyconstructedusingacomputingdevice
and may perform high-speed computation.
[0091]
The frequency measurement unit 120 has the structure as
illustrated in FIG. 15.
That is, the A/D converter 31 is connected to amultiplier
121. An output from the A/D converter 31 is a left velocity
signal (outlet-side velocity signal) sin® obtained in a case
where a detection signal of a vibration velocity (outlet-side
velocity signal) having a phase difference and/or a vibration
frequency proportional to a Coriolis force, which is generated
on the left side of the pair of measurement tubes 2 and 3 when
the measurement tubes 2 and 3 are alternately driven by the

vibrator 6, is detected by the left pick-off 7, input to the

low-pass filter 30 to extract only a low-frequency left velocity
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measurenent tubes 2 and 3, and detected by the left pick-off 7, and input
to the frequency nodulator 110 in the case where the neasurenent tubes 2
and 3 are vibrated by the vibrator 6. The frequency nodul ator 110 and the
frequency nodul ator 130 have the sane structure. Therefore, as in the case
of the frequency output fromthe frequency nodul ator 110, with respect to

the frequency output fromthe frequency nodul ator 130, the output frequency
of the quadifitfle (It oTLAB0PEROHES LIMDBY) t MRNY r eJUEREYCD SPtPha
detection signal of the vibration velocity (inlet-side velocity signal)

which is geherdizeld srgnal.

Themultiplier 121 compares the phase of the left velocity
signal (outlet-side velocity signal) sin® 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 123 for frequency measurement and outputs the
signals to the low-pass filter 122.

[0092]

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

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

[0093]

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

The transmitter 123 for frequency measurement outputs

the output signal cosd to themultiplier 121. Inthemultiplier
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the right side of the neasurenent tubes 2 and 3, and detected by the r

I ght

pi ck-off 8, and input to the frequency nodul ator 130 in the case where the

measurenent tubes 2 and 3 are vibrated by the vibrator 6. [0105]
The frequency nodul ator 110 and the frequency nodul ator 130 each are

provided to obtain the difference between the two frequencies input to each
of the frequency nodul ators based on Expression (12) or (13) and to have

t he condi ti A1 FihPERSEHRE GiteplirPit cifend§ 1pee PRI i7ad 8f e digrtal

vel ocity signal frequency or the right velocity signal frequency, and
the fol | owi Vglexpressdmie(Bqn dusitbe 2P rentiertier| Expressimprrey Witd)
| nput Slgna'1|:he phase of the output signal cosd and the difference signal
and the sum signal thereof are output from the low-pass filter
122. A feedback loop is formed such that output data "V
(frequency computing function V) of only the difference
component obtained by filtering by the low-pass filter 122
becomes 0.
[0094]
When the structure as described above 1is described
mathematically, as in the frequency measurement unit 120
illustrated in FIG. 15, the input signal is expressed by sinb
and the output signal of the transmitter 123 for frequency
measurement is expressed by cosd. When the two waveforms are

multiplied by the multiplier 121, the following is obtained.

[Expression 3]
sm90%6=%®mW+5hﬂmW~5D

Input waveform: sin®

Output waveformof transmitter for frequency measurement:
cosd

[0095]

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

function V output from the low-pass filter 122 is expressed
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OX: Transmtter output signal N: | nteger
Asdescri bedabove, t hetransm tt er 1400ut put coseXi sdesirably determned to
control OX The out put of each of the quadrature frequency
nodul ators 110 and 130 becones 1/ N of the input signal. The results out put
fromthe quadrature frequency nodulators 110 and 130 corresponding to the
| eft pick-off % gfd the right pick-off 8, respectively, are expressed as
fol l ows. [EXprelstof®15] sin(9 -9") =sin- ( 15) cos(9 0,) = cos-9
[ 0106] The driving frequency of the left velocity sensor 7 and the
driving frebfESSotoRhd right velocity sensor 8 in the Coriolis flowmeter
1 are | kHz at maxi num Therefore, if the value of Nis set to 32, the
frequencieéV%%FéU%é@)by(ﬁﬁdulation by the quadrature frequency nodul ators
110 and 130 and output therefromare approximately 3 0 Hz , and hence only
a filter having &'R&n ¢ Yalue cdgdeney ianBxaragriow andsia sgddiicalengly
pr epar ed.

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

approximately expressed as follows.

[Expression 5]

V=0-3=0 (5)

[0096]

When an output waveform of the output signal of the
transmitter 123 for frequency measurement is controlled so that
the frequency computing function V becomes 0, the phase 6 of
Expression (5) may be obtained.

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

[0097]

[Expression 6]

AT indicates a change in time and is equal to the computing
interval (sampling rate).
Therefore, the phase (0) is expressed as follows.

[Expression 7]
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[ 0107] In Expression (15) and Expression (16), as described above,
the N-val ue depends ona flowreter type . Hereinafter, anexanple of the use
of N is described bel ow. When the driving frequency of the sensors
is set in arange of 50 Hz to 1,600 Hz and the filter frequency band of the
converters is set to a range of 10 Hz to 40 Hz, the follow ng table may be
det er m ned. In the set conditions with respect to the N-value and
the filter andl §1Ta s ﬁﬁbortant to prevent the frequency after quadrature
modul ation from overlapping with the band of 50 Hz to 60 Hz (conmerci al
frequenci es¥herg (FEO8ICIDNIGE gt firidtfuelfeyN-E dé (er@dlen &g Cdilvi si on val ue)

f: input frequency (Hz)
©: change in phase (rad)

[Expression 8]

T: Sampling interval

f: Input fruquency

©: Input phase

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

[0098]

(2) Quadrature Freguency Modulator

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

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

vibration velocity (outlet-side velocity signal) detected by
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Frequency after quadrature nodul ation 50 Hz-200 Hz 5 10 Hz-40 Hz 100 Hz-400
Hz 10

the left pick-off 7 is input to the low-pass filter 30.

[0099]

The analog signal of only the low-frequency left velocity
signal (outlet-side velocity signal) is extracted by the
low-pass filter 30 from the left velocity signal (outlet-side
velocity signal) output from the left velocity sensor 7,
converted into the digital signal by the A/D converter 31, and
input to the quadrature frequency modulator 110.

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

[0100]

Further, the detection signal of the vibration velocity
(inlet-side velocity signal) generated on the right side of
the measurement tubes 2 and 3 when the measurement tubes 2 and
3 are vibrated by the vibrator 6 is detected by the right pick-off
8. The detection signal of the vibration velocity (inlet-side
velocity signal) detected by the right pick-off 8 is input to
the low-pass filter 34.

The analog signal of only the low-frequency right velocity
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10 Hz-40 Hz 200 Hz-800 Hz 20 10 Hz-40 Hz 400

signal (inlet-sidevelocitysignal) isextractedby the low-pass
filter 34 from the right velocity signal (inlet-side velocity
signal) output from the right velocity sensor 7, converted into
the digital signal by the A/D converter 35, and input to the
quadrature frequency modulator 130.

In the quadrature frequency modulator 130, the frequency
difference is obtained between the right velocity signal
(inlet-side velocity signal) which is detected by the right
velocity sensor 8, output from the A/D converter 35, and input
to the quadrature frequencymodulator 130, and the predetermined
frequency signal transmitted and output from the transmitter
140 based on the frequency measurement value output from the
frequency measurement unit 120. Simultaneously, the signal
orthogonal to the frequency signal is generated and output.

[0101]

Assume that the output signal (left velocity signal LPO
or right velocity signal RPO) from the vibration velocity sensor
(left pick-off 7 or right pick-off 8) detecting the detection
signal of the vibration velocity and the signal which is output
from the transmitter 140 and input to the quadrature frequency
modulator (more specifically, quadrature frequency modulator
110 or 130) are expressed as follows.

[Expression 9]
Vibration velocity sensor signal: sin(©)
Transmitter output signal: cos (6X) (9)

[0102]
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Hz- 1,600 Hz 40 10 Hz-40 Hz [0109] When the N-value is selected as
descri bed above, the filtering band used for phase neasurenent is held, and
hence filtering maybe perfornmed w thout being affected by the driving
frequency (input frequency). The exanpl e of the use of the N-val ue
Is specifically described here, but needless to say, the actual use of the

N value depends on, Lhe set condltions, such 25, Lhe fbL\Sabends, Yagdokor the

130, 90°-shift signals with respect to the output signal (left
velocity signal LPO or right velocity signal RPO) from the
vibration velocity sensor (left pick-off 7 or right pick-off
8) and the signal input fromthe transmitter 140 to the quadrature
frequency modulator (more specifically, quadrature frequency
modulator 110 or 130) are obtained from Expression 10 and
Expression 11.

[Expression 10]

Sensor signal: sin(06)

Sensor signal 90°-ghift signal: cos(6) (10)

[Expression 11]

Transmitter output signal: sin(6X)

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

components are calculatedbasedon signals obtained by frequency
conversion on the respective signals of Expression (10) and
Expression (11) and 90°-shift signals after the frequency
conversion.
[Expression 12]
sinB:cosbx-cosH-sinbx=sin (6-6x) (12)
[Expression 13]
cosB-+cosbx-sinb-sinbx=cos (6-0x) (13)

Therefore, in the frequency modulators 110 and 130, IQ |

signals of frequency differences between the input signal
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(4) Phase Measurenent Unit The results output fromthe quadrature
frequency nodul ators are substituted for calculation into the foll ow ng
rel ati onal expression. [Expression 171 sin a - Cos fi - cos a a ,3 tan(a
13) = cos a -cos ti sina sin )5 [0111] Wen the foll ow ng expression is
assuned, [Expression 181

frequencies from the A/D converters 31 and 35 and the output
signal frequency from the transmitter 140 are generated and
sent as respective quadrature modulation outputs.

[0104]

(3) Transmitter

The transmitter 140 controls the frequency of the
transmitter 140 based on the result 6 obtained by measurement
by the frequency measurement unit 120.

That is, inthe transmitter 140, the transmitter 140 output
cosfxn is determined such that the output frequency of the
quadrature modulator 110 becomes 1/N of the frequency © of the
detection signal of the vibration velocity (outlet-side
velocity signal) which is generated on the left side of the
measurement tubes 2 and 3, and detected by the left pick-off
7, and input to the frequency modulator 110 in the case where
the measurement tubes 2 and 3 are vibrated by the vibrator 6.

The frequency modulator 110 and the frequency modulator
130 have the same structure. Therefore, as in the case of the
frequency output from the frequency modulator 110, with respect
to the frequency output from the frequency modulator 130, the
output frequency of the quadrature modulator 130 becomes 1/N
of the frequency 6 of the detection signal of the vibration
velocity (inlet-side velocity signal) which is generated on
the right side of the measurement tubes 2 and 3, and detected
by the right pick-off 8, and input to the frequency modulator

130 in the case where the measurement tubes 2 and 3 are vibrated
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Cri,.1 Si a (18 the followng expression is obtained. [Expression 19]
0

by the vibrator 6.

[0105]

The frequency modulator 110 and the frequency modulator
130 each are provided to obtain the difference between the two
frequencies input to each of the frequency modulators based
on Expression (12) or (13) and to have the condition in which
the output frequency becomes 1/N of the left velocity signal
frequency or the right velocity signal frequency, and hence
the following expression (Expression 14) is held.

[Expression 14]

©: Input signal

0X: Transmitter output signal

N: Integer
As describedabove, the transmitter 140 output cosbX isdesirably
determined to control 6X.

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

[Expression 15]

- b 9
sin(f - 8,) = sin —
(6-8,)=sin
v {(105)

cos(f —-8.) = cos L4

i
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ran(- N cosE+50).an() 0 ==(15(0) Therefore, the phase difference may be
obt ai ned. [0112] I n anot her cal cul ati on nmethod, the follow ng
expressions are used to calculate arc tangents. [Expression 20]

[Expression 16]

sin(é - 8, + 6¢) = sin(-—f—; +39)

e (1 6)
cos(6 -8, +3g) = u-OS(*g: + 6¢)

A

[0106]

The driving frequency of the left velocity sensor 7 and
the driving frequency of the right velocity sensor 8 in the
Coriolis flowmeter 1 are 1kHz at maximum. Therefore, if the
value of N is set to 32, the frequencies obtained by modulation
by the quadrature frequency modulators 110 and 130 and output
therefromareapproximatelyBOHz,andhenceonlyafilterhaving
a very low frequency and a narrow band is desirably prepared.

[0107]

In Expression (15) and Expression (16), as described above,
theN-valuedependsona flowmeter type. Hereinafter, anexample
of the use of N is described below.

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

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

to 60 Hz (commercial frequencies).
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.00 En - tan - 0 Cog - N (20)

[0108]
Driving N-value (frequency Frequency after
frequency division value) quadrature modulation
50 Hz-200 Hz 5 10 Hz-40 Hz
100 Hz-400 Hz 10 10 Hz-40 Hz
200 Hz-800 Hz 20 10 Hz-40 Hz
400 Hz-1,600 H=z 40 10 Hz-40 Hz
[0109]

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

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

[0110]

(4) Phase Measurement Unit

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

[Expression 17]

_sina-cos f-cosa-sin §
cosa-cos F+sine -sin §

tan{a - )

diveescieee (107)

[0111]

When the following expression is assumed,

66



[ Expression 21] sin( - Co.5(-J61 a- (50) (2 1)

[Expression 18]

(X1 8
g . . 8
= 28, B= e {18)
a=—+ 4 T
the following expression is obtained.
[Expression 19]
: ‘ - . L
P p sm(£+ 5¢)-cos(ﬁ}-ms(;}»%c?q?)'m(g)
tan(=+ dg - —) = —4 o ‘
N N cos(ﬁ+5¢)-ms(i)+sin(£+5¢)'51ﬁ(ﬁ)
N ’ ;‘V .;)V J&r
Crvatieaas et (1 g)

= tan(d¢)

Therefore, the phase difference may be obtained.

[0112]
In another calculation method, the following expressions

are used to calculate arc tangents.

[Expression 20]

v (201)

When a difference between the arc tangents is obtained, the
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When a difference between the arc tangents is obtained, the phase
difference may be cal cul ated. [0113]

phase difference may be calculatéd.

[0113]
<<Feature of Phase measurement Method using Frequency
Conversions>>

According to a feature of the phase measurement system
in the present invention, the output signals (left velocity
signal LPO and right velocity signal RPO) from the vibration
velocity sensors (left pick-off 7 and right pick-off 8) may
be sampled at the sampling interval unrelated to the frequency
of theoutput signals (leftvelocitysignal LPOandright velocity
signal RPO) from the vibration velocity sensors (left pick-off
7 and right pick-off 8) detecting the detection signals of the
vibrationvelocitieswhichare input to the quadrature frequency
modulators (more specifically, quadrature frequencymodulators
110 and 130) . Therefore, the structure may be very simple, the
number of filter tables may be significantly reduced, and
computation may be achieved with a small error.

There is little limitation on the phase measurement band
by the input frequency. Therefore, couplingwithsensorshaving
various driving frequencies may be realized and there is an
advantage that the system described above may be applied to
various types. Further, thecomputingprecisionisnotaffected
by the input frequency, and hence high-precision phase
measurement may be always achieved.

[Embodiment 3]

[0114]
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"Feature of Phase neasurenent Method using Frequency Conversion"

According to a feature of the phase neasurenent systemin the present

i nvention, the output signals (left velocity signal LPO and right velocity
signal RPO fromthe vibration velocity sensors (left pick-off 7 and right
pi ck-of f 8) may be sanpled at the sanpling interval unrelated to the
frequency of thedinepueasigracst(fwiewy 8l oed BysighadirP@andeaghtand 6Pty
signal RPO fromthe vibration velocity sensors (left pick-off 7 and right
pi ck-of f 8)tules eetd pgitrhef dabectulors skgmalisgafs mheswicbmantohlavektvbesi es
which are input to the quadrature frequency nodul ators (nore specifically,
quadr at ur efgegusiesmul g of sddibdi rendichdi@e UENerefdre, vitdmatsin et ufbenaybe
very sinple, the nunber of filter tables nay be significantly reduced, and
conput at i omdmyRenahiteyRe widdhd @ sashlidengothe at leasthene filow kttbke
limtation on the phase neasurenent band by the input frequency. Therefore,

coupl i ng widh8ENSOIS JRaw] &g tViBkisOsite AN ib¥irRg tBnquened e byMeye be biragbirzed
and there is an advantage that the system descri bed above nay be applied to

various types..fdherend her &omputdhgpreci sion is not affected by the input
frequency, and hence hi gh- preci sion phase neasurenent may be al ways

achi eved. [Enbodi]{Harg échlc\gl)vf:?é”flowmeter:rh§0§5?$é”8%%&%356@@769’ 3

i ncluding at | east one 0 ube or a palr ow t ubes, serving as

measur enent_flow tubes, are operated.by a .drivin 1168 Y RQ the jvibrat or
6. The meastFEmEmCt eesqlﬁerécdpj%fpnocﬁtulé)lr%gl tLJhoe aat% qqg\gst one f1 ow tt}bgb or
the pair of flqw tubes are alternat

y driyven he vi.brator vibrat e
the flow tHesthe measuyementof gy £ {1y tlenrc,q){la lﬁﬁa\s‘ge}%di%f elreéd(r%geoglr?d/or a
vi bration frequency proportional fo.a Coriolis force.acti n. the_.
measur enentE3QAUbEILE 2Fd RS H%Fﬁo‘?émgﬂt%g% else§§F96ﬁed? %Svgfgﬁgb St “Fné pair
of flow tubes are/is detected by a pair of velgcity sensors or i

a _pair_ of
accel erati O s&RdOCs tyor FEEEBREI NPTt & vPBrAL i 8h RTETIT TR ¥¥hs FEERE udi ng
the left pick-off (LPO 7 and the right pick-off (RPO 8, which are
provi ded orcerréspRnding tand brateqn ¢ BeC biOR FENEPER tHbEC G RRe Iy
thereby obtain a nass flow rate and/or density of a fluid to be measured.
[0115] picket CoftLRP) s7f hodnther rigbfuBéskrRELT {BFXnSy HEHESH &hsnt
unit 120 for measuring a frequency based on an input signal frequency of a
di gi tal i nputosidgrhlor eutdigihtsisdelevalndcipt ye§kbgaafy df gikal fomiered Dy t he
A/ D converter 31 and output fromat |east one sensor (for exanple, left
pi ck-of f 7)andf3 t o filoav ekt eolsiaginal s neb i fledv by woraret /o riengitty difgit al
signals, on two anal og i nput signals of the phase difference and/or the
vi brati on fg eguentyeprigpati¢aomaddt o the Coriolis force acting on the

measur enent tubes 2 and 3 including the

[0115]

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

and/or the vibration frequency proportional to the Coriolis

force acting on the measurement tubes 2 and 3 including the
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pair of flow tubes, which are detected by the velocity sensors or the
accel erati on sensors. Further, the transmtter 140 is provided to
generate, transmt, andoutputa frequencysignal of 0 (1-1/N) of thedigital
frequency signal output fromthe frequency neasurenent unit 120. [0116]
Further, each of velocity sensor signals (for exang i nput si gnal

(out| et - si deadeldcEL9wsiyers ) widslt afe olrttegtedhbyk B‘Ff"@)ocflrtdfhﬁ?ﬁéoﬁﬁl r of
vi bration detection sensors (left pick-off 7 and right pick-off 8) is
converted ioxotle Beieldrat gpral sdrysare. t woA/ D converters 31 and 35 . The
pair of quadrature nodul ators 110 and 130 are provided for performng
frequency quadr atfunshmpdultdte arradnsnpidrtfear M4y isd girttivarie@ot os getieareteon) on
the frequency T of the input signal based on the output frequency eXn

out put fronttdresiittansnd bueput40f réfidiidy signal oThee 1phaB off thedégdeal
measur enent section 150 is provided to nmeasure the phase difference between

the frequentyegi@nd) il ARhE Mrbhb G rebifaicir@d s, ke sterslant uhiequency
signals by conversion by the pair of quadrature frequency nodul ators 110
and 130. 120. The signal processing apparatus 100 is provided to obtain

t he phase difference based on the output frequency signal corresponding to
1/N of the input fgiegyency of the left velocity signal (outlet-side
velocity signal) which is output fromthe quadrature nodulator 110, that

!s, input fromt fk‘??r%/kl%fxco%‘é%rﬂ Bl %1889t%cy O%%P%liﬂ%st‘eﬂfc}% ehandh e

correspondlng to 't he T nput reque t he vel ocity S|gnal

(o1 ] T a0 YL SO ARE T e, T ot

Coriolis fl;?l\,\éqg[oefrf 7) from the pair of vibration detection sensors (left
pick-off 7 and right pick-off 8) is converted into a digital
signalbythe twoA/Dconverters3land35. Thepairofquadrature
modulators 110 and 130 are provided for performing frequency
quadrature modulation by performing addition (or subtraction)
on the frequency 6 of the input signal based on the output
frequency 6Xn output from the transmitter 140.

[0117]

The phase difference measurement section 150 is provided
to measure the phase difference between the frequency signals
sin® and sin(06+50p) obtained as the constant frequency signals
by conversion by the pair of quadrature frequency modulators
110 and 130.

The signal processing apparatus 100 is provided to obtain
the phase difference based on the output frequency signal
corresponding to 1/N of the input frequency of the left velocity

signal (outlet-side velocity signal) which is output from the
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Clainms 1. A signal processing nethod for a Coriolis flowreter in which at

| east one flow tube or a pair of flow tubes which is included in a
measurenent 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 vibration frequency proportional to a
Coriolis fouedratuiragnainldtecnilbedshabas . fimmit G5emorhe AEDRARVRFCIT ow
tubes are/is detected by velocity sensors or accel eration sensors which are
a pair of wilbanditre detecti bregessoy sigmi dedreapandightteild® afd-hke | ef t
side of the at |east one flow tube or the pair of flow tubes when the at

| east one fihpwtt uheeprertdie pfi thef fFight t ubdecisyvisiomedd, (1olethes by
obtain a mass flow rate and/or density of a fluid to be neasured,

t he si gnal veneecessi figgmel hadhike hg cl@nacteonzgd byadaapursimgdulator a
first step of converting, into digital vibration frequency signals, anal og
si gnal s outipgt, £rgmMildeipgut Bfonyitheald f DrrcIRicetldrOBs5 $ets ahereby serva
second step of measuring vibration frequencies of vibration velocities

out put fromt hecPabr-ief 1% Brhatieredet ection sensors based on one digital

vi bration frequency signal of the two digital vibration frequency signals
whi ch are obtained by the converting in the first step; a third step
of generating a control signal for controlling frequencies of the digital
signals which are obtained by the converting in the first step to becone
al ways 1/ N based on the digital vibration frequency signals which are
output fromthe pair of vibration detection sensors and neasured in the
second step;
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a fourth step of perform ng orthogonal transformon the digital vibration
frequency signals which are obtained by the converting in the first step by
the control signal generated in the third step, to thereby obtain a
frequency signal corresponding to 1/N of the digital vibration frequency
signals which are obtained by the converting in the first step, t he
si gnal processing nethod bei ng char &égémpzed in that a phase difference

bet ween detection signals fromthe pair of vibration detection sensors is
det ect €d baséd sognehepfoegsehny mitgral foor 2 dspurdi gy flowkeNesf inhdh ditlyi t al
vi bration frequency signal which is obtained by the transformng in the
fourth st deat Ars glaw pubeessi agpaerhofl Atcerdilngs twhttai s lincluded
characterized by conprising, in the step of generating the frequency signal
(T/'N) ciat reeseerdireghene E1Nwoktubkeidi gptabktedbibat 4 odr f v o edeyi cavhesiengl
represents the frequency of the digital vibration frequency signal

obt ai neghytdiateanver hivgrhatehe &risé shiemt adddt bnst €poaf tabéabnidige: a
transm ssion frequency Tx in the fourth step satisfying T/N=T-Tx, to

t her eby, gENET 2l Bwith® GQHAPA phiaglali i rdt® dH@NSIh SR thioguenaye ey
t he signal processing nethod being characterized in that the frequency

conver 1,084 ,5 RETJ10THEE 0¥ rIWatiA¢hireg Eﬁ%iﬁbﬁgﬂeﬂﬁ¥ ot 188s€WHL of1 54 gnal

for the transm ssion frequency Tx in the fifth step fromthe frequency of

the di ghbal off BRatLN [9La4e00)LONAL ., DI AIRA Y 6o pOBYE] LR A the

first step. si gnal processing mnet accor alm
characteri i t% I.S 1 Qe uce{1 : he firequency, Si 9;’@_1 AT/'N
corres;?o%dalzcﬁ%]t%al no;\é%%seoc%[ S“Wa‘?‘% 3 & i%ﬁ;}!ﬂ# r(;equelncy |s&1$nda er than 50
Hz, where O represenis,the fre ncy ,of the_digital.frequency signal
bt ai NAFEP e EIS (g3 foOHG F1rer 2brep. 1oht AL bl dReonr iy
apparatus for a CErioIi floweter .in which at | east one_flow tube or a
pair o u c n rate
1 GhPUBBECWRF CHhT PA e PadEdoM T BB Ao IR 21 BHAE BT & b at ed
by a driving device using a vibrator to alternately drive the at |east one
fiow t (BDPT HEHRILOH IThe' JBEReES dritt WHRIEA i 1T P ambidin @
vi bration frequency proportional to a Coriolis force acting on the at | east
one fl dRIUHL BT tdte PaId B dasvi s arfedlyid dat ke efasisardocity sensors
or accel eration sensors which are a pair of vibration detection sensors
provi ded on &hd gitiggiade anpeedEmg simihyfd t Heidtg | edmarariefizad t Ube or
the pair of flow tubes when the at | east one flow tube or the pair of flow
t ubes icomprrstrat, to thereby obtain a mass flow rate and/or density of a
fluid to be neasured, t he signal processing apparatus being
characteri zed byrsomurésiofgconverting, into digital vibration frequency
signals, analog signals output from the pair of vibration detection
sSensorsy
a second step of measuring vibration frequencies of vibration
velocities output from the pair of vibration detection sensors based
ononedigital vibration frequencysignalof thetwodigital vibration
frequency signals which are obtained by the converting in the first
step;
a third step of generating a control signal for controlling

frequencies of the digital signals which are obtained by the

converting in the first step to become always 1/Nbased on the digital
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Al D converters for converting, into digital signals, anal og signals output
fromthe pair of vibration detection sensors; a frequency
measurenent unit for measuring a frequency T based on one digital signal of
the two digital signals which are output fromthe AID converters and

correspond to the pair of vibration detection sensors; atransmtter
for genvatatdtigpra fregirmey signalscohiebperd myptrrtT(dram NFhef paidi ¢if al
frequency signal output fromthe frequency neasurenent unit; and a

pai r ofviduradriatrurde tfaadquen e rmamdid &gt snefegru gsh emattiey seeadingl tsdlesi gnal  of

a frequency corresponding to 1/ N by perform ng frequency conversion on the

two digital sifmatshehephl faver batmpping brohotghea Al acwfvemt en $hantl gcidralespond
to the pair of vibration detection sensors based on the signal generated by
t he trandrdttiem frequendyheigingnal whiohessengbappasating tied rngprofartaciceri zed
in that a phase difference is obtained based on the signals generated by

the paiil ehedtiaeiakiep by eteensyt ABUW @grd1s genbrafedl HNahePtRCLE WD,
apparatus according to claim4, wherein the frequency neasurenent unit for

measur ided thite e ereasy Qaﬁeéqeeneges%gai abo8+858bn@{ng heo tay & gidrad
signals which are output fromthe Al D converters and correspond to the

vel oci td}ig%g:%ﬁor\?ik%a‘éf@n agLeLBEALL 01 $RAIQN SyIC I AL €c5P8 1 RBL! BY the

vi bration detection sensors has a phase | ocked | oop (PLL) for freéquency

neasurgqﬁq;..t-. A Lqrjoldss fl qﬂﬁ;er in which at | east one flow tube or a
pair o oW tubes Whi ch ﬁésﬁngiu €d in a nmeasurenent flow tube is operated

Py 3 9L 0 evoerus' D0opouLoral at. Lo ol shosl el drlvenLbe, gl fag one

fl ow tube or epair o rence and/or a
vibration fr nc r rtional, tQq.a Coriolis_for acting_.on.the .at | east
one. 11 GNASSHE: bre THACH AP FYG PN A1 TS 5927 € CHOPER DR by oF oAt ah
detecti on sensors when the at .| east gng}flom/tube or air of flow tubes

he
i s vi bPREEFEUOE t RRREBYS obttai AebeHhE G abR ddF of TASHEREY S EH ui d

to be neasured, o ) . , )
corresponding to 1/N of the digital vibration frequency signal which

is obtained by the transforming in the fourth step.

2. A signal processingmethod according toclaiml, characterized
by comprising, in the step of generating the frequency signal (6/N)
corresponding to 1/N of the digital vibration frequency, where ©
represents the frequency of the digital vibration frequency signal
obtainedby the convertinginthe first step, a fifthstepof obtaining
a transmission frequency 6x in the fourth step satisfying 6/N=6-0x,
to therebygenerate the control signal for the transmission frequency
0x,

the signal processing method being characterized in that the
frequency conversion is performed by subtracting the frequency of
the control signal for the transmission frequency ©x in the fifth

step from the frequency of the digital vibration frequency signal
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the Coriolis floweter being characterized by conprising a signal

processi ng apparatus conpri sing: A/ D converters for
converting, into digital signals, analog signals output fromthe pair of

vi bration detection sensors; a frequency neasurenent unit for
measuring a frequencyT based on one digital signal of the two digital

si gnal @Wﬁmﬁ@ﬂ@’ outpuEot YRt e W Dhonviertterstemd correspond to the pair
of vibration detection sensors; a transmtter for generating
a frequency signal corresponding to 0(1-1/N) of a digital frequency signal
output fromthe frequency neasurenent unit; and a pair of

guadr at3r e frRegiensy prodwsatiooand diodenepatiing ta dlgimadl, cagreattafized
frequency corresponding to 1/ N by perform ng frequency conversion on the
two di gid athst gialiss whécdrmat eeduspuh fuhend ttiee AfPeqoaxeyt erignand edfN)espond
to the pair of vibration detection sensors based on the signal generated by

the transmidd®@nding to 1YRe SitgRal i §i 08 B SSi itk BiRafalkds chelyngs cdiad vicder i zed
in that a phase difference is obtained based on the signals generated by
the paighgf squsdrahdre d regressyt 8vdldl t&fSency of the digital frequency

signal obtained by the converting in the first step.

4. Asignal processingapparatus foraCoriolis flowmeter inwhich
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
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes are/is detected by velocity sensors
or acceleration sensors which are a pair of vibration detection
sensors provided on a right side and a left side of the at least
one flow tube or the pair of flow tubes when the at least one flow
tube or the pair of flow tubes is vibrated, to thereby obtain a
mass flow rate and/or density of a fluid to be measured,

the signal processing apparatus being characterized by
comprising:

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

a frequency measurement unit for measuring a frequency 6 based

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

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

a pair of quadrature frequency modulators for generating a
digital signal of a frequency corresponding to 1/N by performing
frequency conversion on the two digital signals which are output
from the A/D converters and correspond to the pair of vibration
detection sensors based on the signal generated by the transmitter,

the signal processing apparatus being characterized in that
a phase difference is obtained based on the signals generated by

the pair of quadrature frequency modulators.

5. A signal processing apparatus according to claim 4, wherein
the frequency measurement unit for measuring the frequency based
on one digital signal of the two digital signals which are output
from the A/D converters and correspond to the velocity sensors or
the acceleration sensors which are the pair of vibration detection

sensors has a phase locked loop (PLL) for frequency measurement.

6. A Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is operated
by a driving device using a vibrator to alternately drive the at
least one flow tube or the .pair of flow tubes, and a phase difference

and/or a vibration frequency proportional to a Coriolis force acting
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on the at least one flow tube or the pair of flow tubes are/is detected
by 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/D converters for converting, into digital signals,
analog signals output from the pair of vibration detection sensors;

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

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

apairof quadrature frequencymodulators for generating
a digital signal of a frequency corresponding to 1/N by performing
frequency conversion on the two digital signals which are output
from the A/D converters and correspond to the pair of vibration
detection sensors based on the signal generated by the transmitter,

the signal processing apparatus being characterized in that
a phase difference is obtained based on the signals generated by

the pair of quadrature frequency modulators.
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