DESCRI PTION CORIOLI S FLOMWETER Technical Field The
present invention relates to a Coriolis flowreter

whi ch detects a phase difference and/or a vibration
frequency proportional to a Coriolis force applied to
a tube, to thereby obtain a mass flow rate and/ or
density of a fluid to be neasured. Background Art The
Coriolis floweter is a nmass flowreter, which utilizes
the fact that, when a tubesthrpoginwhich a fluid to be
nmeasured flows is supported at one end or both ends

t hereof, and vi brati gorIics 1@ppiLiogsiztrera porti on of the
tube around the supporting point in a direction
perpendicular to the flow ng direction of the tube,
the Coriolis forces applied to the tube (hereinafter,

Teéhﬂi@gjt@&%ﬁ@lch vibration is applied is referred to

l ow t are proportional to a mass flow rate.
The Gprigl 4 g known, | .
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curved tube t n ter of the flow tube shape of
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owreter for detecting a phase difference
to s gi%l%]rlo%o’f%%%aﬁlp%l%é neSs® FTURF r dt® Hiereby obtain a mass
symmetrical positions between su port portions for
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t hrough which a fluid to 1 be neasured flows in a
case where the neasurenent tube is supported at both
ends thereof and the central portion of the supported
Background Art

The Coriolis flowmeter is a mass flowmeter, which utilizes
the fact that, when a tube through which a fluid to be measured
flows is supported at one end or both ends thereof, and vibration
is applied to a portion of the tube around the supporting point
in a direction perpendicular to the flowing direction of the tube,
the Coriolis forces applied to the tube (hereinafter, a tube to
which vibration is applied is referred to as flow tube) are
proportional to a mass flow rate. The Coriolis flowmeter, which
is well known, is roughly classified into a straight tube type and
a curved tube type in terms of the flow tube shape of the Coriolis
flowmeter.

The Coriolis flowmeter is a mass flowmeter.for detecting a
phase difference signal proportional to a mass flow rate at
symmetrical positions between support portions for both ends and

a central portion of a measurement tube through which a fluid to



measurenent tube is alternately driven in a direction
perpendi cular to a support |line. The phase difference
signal is a quantity proportional to the mass fl ow
rate. Wien a driving frequency is naintained
constant, the phase difference signal nmay be detected
as a tinme difference signal at the observation
positions of the neasurenent tube. Wien the alternate
be gepgiungdf f keenay acfashehreastnemsssungrent subades supported
equal to the natural frequency of the neasurenent
at thubeh eadsohbeapbfdiEindg rnohd resuency sort Bspoodi Aget Gudpported
density of the fluid to be neasured is obtained, and
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driving energy. Therefore, recently, the neasurenent
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freqguency and the phase difference signal is detected
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bet ween theh§upport portions and the central portion
meAFHIERENSt F4PGht tube, that is, the phase difference

signal is ohtained, and, based on this phase

di f fléfentlee Siditanathedriidsg Fromiente ofst demaasgement tube
~ The straight tube type Coriolis flowreter thus
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to be measured is obtained, and hence the measurement tube may be
driven with small driving energy. Therefore, recently, the
measurement tube has generally been driven at the natural frequency
and the phase difference signal is detected as the time difference
signal.

In the straight tube type Coriolis flowmeter, when vibration

is applied to a straight tube having both ends supported, in a
direction perpendicular to the straight-tube center portion axis,
adifference indisplacement of the straight tube due to the Coriolis
forces is generated between the support portions and the central
portion of the straight tube, that is, the phase difference signal
is obtained, and, based on this phase difference signal, the mass

flow rate is detected. The straight tube type Coriolis flowmeter

thus constructed has a simple, compact, and solid structure. On



In contrast, the curved tube type Coriolis flowreter

is superior to the straight tube type Coriolis

floweter in that the curved tube type Coriolis

flowreter allows selection of a shape for effectively

obtaining the Coriolis forces. In fact, the curved

tube type Coriolis floweter is capable of performng

mass flow rate detection with high sensitivity. Known
theexdanipireshatfd t heheue vedistabe torpdl€ar iiol ithdd owhgt edetection

i nclude one including a single flow tube (see, for
senexanpliey #Bn04+5525QcB)lieveane including two flow tubes

arranged in parallel (see, for exanple, JP 2939242 B)

andIaneornithelstdi ntha siprgbe LW tybe iddbadiaeped oymeter is

state (see, for exanple, JP 29516 B). Incidentally,
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used as driving neans for driving the flowtu
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tubgglagpe i dtet Vil owies ithdil ideheneoiitncandingea single flow
magnet. O Coriolis floweters including two flow
tube lsee | featsmnmlie pdPdl4 €533 GRes,ore Corilobiisg two flow tubes
fl owreter having a large diameter or 3 a Coriolis
arrdhoeweier phavwihglhi(gkef | dwrt whampilgi, didPy A8 I2=qQuiB)ed and one
to increase power of the driving neans, and hence it
inclsdiegessdmyle flow tube in a looped state (see, for example,
JP 2951651 B).

Incidentally, a combinationof a coil and a magnet is generally
used as driving means for driving the flow tube. The coil and the
magnet are preferably attached to positions which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet isminimized.
Therefore, the two flow tubes arranged in parallel as disclosed
in JP 2939242 B are attached so as to sandwich the coil and the
magnet. Therefore, the Coriolis flowmeter is designed so that the
two opposed flow tubes are separated from each other at at least
an interval to sandwich the coil and the magnet.

Of Coriolis flowmeters including two flow tubes located in

parallel planes, a Coriolis flowmeter having a large diameter or



to sandwi ch | arge drivingneans between the two fl ow
tubes. Therefore, such a Coriolis flowreter is
desi gned so that an interval between the flow tubes
is necessarily w dened even in a fixed end portion
which is a base portion of the flow tubes. As
illustrated in FIG 6, a general Coriolis flowneter 1
includes a detector 4 and a converter 5 for two
a (dshaped flubeset2r and/ihg ANGHrater tbevelieidiYy is required
sensors 7, and a tenperature sensor 8 are attached to

to tiherdelsecholied bortideiBasl elRis, t HREShen8dtit 3 ARdcessary
connected to the converter S. The converter 5 of the

toéKH&ﬁﬂ&ﬁl5k@@@%ﬁ%ﬁnb@@éﬂy%b@M@Q@§ﬁetWE%ﬁ%W%H%ES.aggerefore,

section 11, "a tenperature measurenment section 12,
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t
section 11 I1s configure en digital

Si I essi | S.to be executed, the phase :
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.conversiqgn on signals fromthe pair of velocity
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obt ai ns phase djfference between the converte
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tenperature neasurenent section 12 is described. A

inclynissr &t dPECSERSOF #BF @ UBRN YRR at Ui doitpEnsaeben tubes 2
is provided in the Coriolis floweter. 4 A resistance
andt ype tenperature sensor is generally used to neasure

a resistance value, to thereby calculate a
t enpevabureor 6, velocity sensors 7, and a temperature sensor

8 are attached to the detector 4 for the measurement tubes 2 and
3 and connected to the converter 5.

The converter 5 of the Coriolis flowmeter includes a phase
measurement section 11, a temperature measurement section 12, and
a drive control section 13.

The phase measurement section 11 is configured as follows.

When digital signal processing is to be executed, the phase
measurement 11 of the Coriolis flowmeter performs A/D conversion
on signals from the pair of velocity sensors for digital conversion
processing, andthenobtains aphasedifference between the converted
signals.

Next, ameasurement method used by the temperature measurement
section 12 is described.

A temperature sensor for tube temperature compensation is

provided in the Coriolis flowmeter.



The drive control section 13 sends a predeterm ned

node signal to the vibrator 6 attached to the

nmeasur enent tubes so as to enable the tubes 2 and 3

to resonance-vi brate. A conventional analog drive

circuit having a positive feedback |oop structure is
frequently used, in which circuit conponents are

di fferent depending on a tube shape or the |ike, and

hende rdsistardid figd ttdmpatiaire aaEemn LorIHany used to
structure. The drive circuit has the structure

med Noependest i Ofaride pllase, dRasilBatcsealion B rarature.
t hus cannot control a performance function and is

| NCONROp2at 68 @ & L0FPOPEHE 10f s IRAS USRI JBANRd mode signal
based on the Coriolis force principle (phase

to WBASHISPRAL) -6 a?%% -akar e ?tﬁﬂ§megghreﬁe& 5@$5§U5¥Qx>enable

Clrcul t | S not Utl i zed superl or unc 1 on
%Q‘} tt s%t a%nae_l_mb' e circuit has an
anal og CIrCUI s ructure he “€onvent i onal drive
circuit has a uct i1 lustrat FI G
ope(r%\‘a s H%%? PEo0P SRS PUBCGET BT Bee B e Feedback
1 in is described. An input signal of a pick-off
oqRLSFAPF T SISy g ey ub P e FLEEREF Gromponents are
. circuit 21 included in an anglltude measur ement o
diffeisrgn EPerH@d Rpud §PBRaFhePet pE Pheklbfd, wiidhanse it is
full -wave rectified by the full-wave rectifier
difdiicaditt t21 absgimpy qoomen ewyssser istirect22ei.ncl uded
in the anplitude nmeasurenent section 20. 5 In this
way [hehdr ampl ¢t el rbasut eaesit risett o n2@pebtiannso Arthe phase
anpl i tude val ue of an i nput waveform of the input
measiugralenaf ddwtion 12, and thus cannot control a performance
function and is incorporated as a component of measurement means
based on the Coriolis force principle (phase measurement).
Therefore, the fact is that the drive circuit is not utilized for
superior function deployment.
Theconventionaldrivecircuithasananalogcircuit structure.
The conventional drive circuit has a structure as illustrated in
FIG. 7.
The operation principle of the drive circuit illustrated in
FIG. 7 is described.
An input signal of a pick-off is full-wave rectified by a
full-wave rectifier circuit 21 included in an amplitude measurement
section 20. The input signal of the pick-off which is full-wave

rectifiedby the full-wave rectifier circuit 21 is input to a low-pass

filter 22 included in the amplitude measurement section 20.



pi ck-off which is input to the owpass filter 22. The
anpl i tude val ue obtained by the anplitude neasurenent
section 20 is subtracted by an adder 23 froma
reference voltage value Vref input to the adder 23,
and then multiplied by a nultiplier 24 by the input
signal of the pick-off which is input to the anplitude
nmeasur enent section 20. An input signal obtained by
mul Thptyi 8gvapy thieeampll 1+ phé 8fe 2t SnditPdbct o8 AT iR ains an
out put anplifier 25, and then output as a drive

ampdi@hdle FLaMCt g Al V80Ut Uk eIR LireknéSinWienstBBal of the
anpl i tude val ue of the input signal does not reac a
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I's changed to switch a gain o he "ouf put "anplifier
25. e . | _of th LV i gnal i_ncreases, and
nendb et e s B v Ehar BRbrary S B e aEL §ERRE m@%durement
nede% rm ned éeve#. The convent i | drive circuit
secg el afPngas BT F B8d Aty s 4 he Tt Pt TERATSPRE voltage
response to the ghan e in_input signal is . excellent_ ,
valpgchise REr? V8 A FERA € 3na" heSaridt by RireiPy @ multiplier
structure, but has the follow ng denerits. Disclosure
24 Iy thRel RN eAt PBAL THet Remiciicdiarhieh ve errieute tHgsamplitude
problemthat it is difficult to design a common drive
meagireuentf eceoapl £hg tAn varwus ianglesobékigedsbysmultiplying
based on changed drive paraneters because circuit
by thastahtsparerfiked i6pThtetooavént veoraltwrt wepdiifdeirt 25, and
has anot her problemthat a cost becones higher
thebecatsettde auitiere efigeanpdnent shé nit tedutputthemplifier 25.
circuit is large.
When the amplitude value of the input signal does not reach
a predetermined level, an output of a start circuit 26 is changed
to switch a gain of the output amplifier 25. Then, a level of the
drive signal increases, and hence the input signal rapidly converges
to the predetermined level.
The conventicnal drive circuit operating as described above
has the merit that the response to the change in input signal is

excellent because thedrivecircuit has theanalogcircuit structure,

but has the following demerits.

Disclosure of the Invention

The conventional drive circuit has a problem that it is
difficult to design a common drive circuit for coupling to various
types of sensors based on changed drive parameters because circuit

constants are fixed.



The conventional drive circuit has a further problem

that it 1is necessary to adjust an individua

difference of the circuit itself and nount a |arger

nunber of conponents, in order to add a

sel f-di agnostic function of the drive circuit. It is

an object of the present invention to provide a

Coriolis flowneter in which a digital drive circuit

i s Useddnyeadjiystaladrivadiivicdudl has fhetbrceomiblidrethat a cost

drive circuit itself and drive paraneters, to thereby
becenabl aigheenpebadskvehei nanbert ofbeodpshgned, intheded in the

drive circuit to be incorporated in an inner portion
Clr@ﬁl@nlgp@éaggr and a reduction in cost and an

addition of a self-diagnostic function to be easily
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probl e according to claim1l of the present
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avi ng ture in a pair of flow tubes

andConStI Utl rrg;:asrlillrim Pt tube ;?(5 er?ipfos§g tonee Chto add a
an e romagne OSCI 1’% i's operate

lngVIng ﬁVICE to alterﬁa£§ drive .the. Iom1tubes |n

seli~foedtPohiti FBEEFORT 8hd gFéX?r 8?156% fc pick-off
detects a phase dlfference and/ or a vjbration 1
fr eqherfcy? Prbisdr P o 65&%%%@%1%%?5%%& orPriolis
the pair of the flow tubes when the pair of the flow

floyypesraid vhbrFhteddigétehefebyeobt AFRitalfmdged| pey 2adjust an
rate and/or density of a f|UId to be neasured, in

indimidhal halidrfaranyalevf celiencfudes: 017rcantopléﬁ®lffua@|d drive
for anplifying an analog input signal fromthe

pareheterepagnehecepycadflfe aawmiidd donverdigrcuidr to be designed,
converting an anal og signal output

thedrivecircuit tobe incorporatedinan inner portionof anoperator,

and a reduction in cost and an addition of a self-diagnostic function

to be easily realized.

In order to solve the above-mentioned problems, according to
claim 1 of the present invention, there is provided a Coriolis
flowmeterhavingastructureinwhichapairof flowtubesconstituting
measurement tubes are opposed to each other, an electromagnetic
oscillator is operated by a driving device to alternately drive
the flow tubes in a rotation direction, and an electromagnetic
pick-off detects a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on the pair of the flow
tubes when the pair of the flow tubes are vibrated, to thereby obtain

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

in which the driving device includes:



fromthe OP anplifier into a digital signal; and a DA
converter for converting, after digital processing
performed by a digital signal processor (DSP) on the
digital signal output fromthe A/D converter based on

phase detection, a digital signal having a processed

data anount into an analog signal. In order to solve

t he above-nenti oned probl ens, according to claim2 of

the presentn OBvenbilomickhese dsoProy:ded a,698 k9! J ;
flometer in which the digitafﬁgi&%gfggrgbgssorg({igﬂt signal

frémcihsesle @y ndide grasuieaent section for
anpl i tude- calculating, as an anplitude value, a

spectral %hrﬁy'ﬁtd?orﬁzteJ:acerref(gp%%%e@t%%%?%ﬁ%%b?g}ég%‘l output

FFT; a zero-cross cal cul ation section
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digital data 1 nput from
outputtin ured val ue as zero-cross data; a
AT ERer Ce St Gultnein ow Gerer dt bt hbrocessing

dri ve wavef

t, .waveform by determ ning an anplitude of the
per?é%‘%%td B4 eﬁe;%tsis%gn% PR EFSedt (PFBmMcam Phe dirgital signal

out@Mpl itude data fromthe anplitude measurenent
EEE FORD B PSRy sedRiuticng ds ent plons ate wattcidrat angigital
. a frequency based on phase data output fromthe PLL
S198ad Pﬁ@lﬁﬁa§ePPQ§E§§eﬁodst@PEmpuhoripEbfehnhnglbbesignal.
phase detection based on the zero-cross data and
out pUtCEHR R tor vl v ¥ Booorverhedoned b o1 &R, B@cording to
sol ve the above-nentioned probl ens, according to
clagpapnes ¢fet iper preesentnvamveind o hd heres i srdy a¥dded doriolis
Coriolis flowreter in which the phase-I|ocked | oop
floyPetyr géneviat els ahdridygital signal processor (DSP) includes:
anamplitudeneasurementsectionforan@litude—calculating,
as an amplitude value, a spectral strength at a resonance frequency
using an FFT;

a zero-cross calculation section for measuring a number of
changes per unit time of a sign bit of digital data input from the
A/D converter, and outputting a measured value as zero-cross data;

a drive waveform generation section for generating an output
waveform by determining an amplitude of the output waveform based
on an output from a PLL and amplitude data from the amplitude
measurement section;

afrequencycomputingsectionforcalculatingafrequencybased
on phase data output from the PLL; and

thephase—lockedloop(PLL)forperformingthephasedetection

based on the zero-cross data and output data from the A/D converter.



signal for driving a coil at a transm ssion frequency

synchroni zed wth an i nput signal based on a

transm ssion frequency obtained by the phase

detection and based on the digital signal obtained by

Al D-converting the input analog signal fromthe

el ectromagnetic pick-off. In order to solve the

above-nmenti oned probl ens, according to claim4 of the

pr esentrdew ént sohyettter eboyepmevicdeded ook bdms, according to

flowreter in which: the phase-|ocked | oop (PLL)
claiinclBudes:thea pndddr i Biverat 1 @wW passrd i 14 eprodided@ a Coriolis

phase-controlled transmitter; the rmultiplier conpares

floamphasei 8f whhen dig teha Sé gnsd k@utiEp  frrem tBeeMbPes a drive
converter wth a phase of a digital output signa

sigAHiPESr SfHiemdhe phasercant F ol betsd f AHPRSE R8P chroni zed
outputs a difference signal and a sum signa

witﬁgaﬁs?ggﬂﬁegighgﬁ E?@%Ba§ﬁ 5'k&gﬁsﬁfgEﬁgﬁsfggé%ﬁﬁ%%eobtained

uency Si gna rom an output signa

[ t] Ler:  h hase-cont rol d transmtter ,
oy PHLbBREE" 800 108 BIASEacol 08 LAd HEBRP) tiknat phpained
ed on the zero-cross data fromthe. zer

oy A LTGRO EES S BRacU SPd RABPoat FT dUFa® FF o TRanet ic
. | ow_pass filter becones 0, and generates ang outputs a
plc%ﬁ9§¥orn1 9 based on the conputed phase. In order to
sol ve the above-nenti oned probl ens, according to
cl al WG T tReSphesdite PROERTTIEAL1PRBAP 1P I gegogding to
claggrzogksthe present invention, there is provided a Coriolis
flowmeter in which:
the phase-locked loop (PLL) includes:
a multiplier;
a low-pass filter; and
a phase-controlled transmitter;
the multiplier compares a phase of the digital signal output
from the A/D converter with a phase of a digital output signal output
from the phase-controlled transmitter, and outputs a difference
signal and a sum signal therebetween;
the low-pass filter extracts only a low-frequency signal from
an output signal from the multiplier; and
the phase-controlled transmitter generates phase data of a
fundamental output waveform based on the zero-cross data from the

Zero-cross section, computes a phase so that output data from the

low-pass filter becomes 0, and generates ang outputs a waveform



fl owmeter which has a circuit structure in which: an
out put signal output froman analog switch is
anplified by the OP anplifier connected to an out put
term nal of the analog switch and output as a drive
out put signal; and a gain of the OP anplifier is
switched by the anal og switch. According to the
above-nmentioned clains of the present invention, the
basendioni duhal cdinplierenpeack.t he drive circuit itself and
the drive paranmeters are adjusted, to thereby enable a

commrordkt v ebledithd aercdasingnededt beolréwe, according to
circuit to be incorporated in the inner portion of

clatihe soRgr atar ,p b ihe K eduet b N tMe£OSts gRevided a Coriolis
addition of the self-diagnostic function to be easily

flo%ﬁ%k%%e%higﬁig sDesenripiien @f- khe Br aw ReschltG 1 is

a structura lagramillustrating a phase-locked | oop
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circui riolrs ase n a princip

PLL ill d.,i FIG 1. . FIG. 3] I
by gf‘g:}(?grﬁr?ﬁljll Jﬁl,'lrgtclro%neet%tler}i to an outc%lin% t?rrﬁJ“tSrhaZl %fo‘a%e analog

e drive cif 0

.Coriolis flowreter based on rinciple of di gi t al
swidfgnard BroBUSsSr FDABLTCIGUERAT 41P8%E 1 PBW chart

iIIustratgﬂg synchroni zation feedback and frequency ,

conBuiati o tPPEP AR AT} $Hw T KL CrrAURY riHts %&a&.oﬁvéwtch-

control. FIG 6 is a structural diagramillustrating a
gen@pgprqugoﬂxg the above-mentioned claims of the present

invention, the individual difference of the drive circuit itself
and the drive parameters are adjusted, to thereby enable a common
drive circuit to be designed, the drive circuit to be incorporated
in the inner portion of the operator, and the reduction in cost
and the addition of the self-diagnostic function to be easily

realized.

Brief Description of the Drawings

FIG. 1 is a structural diagram illustrating a phase-locked
loop (PLL).

FIG. 2 is a block diagram illustrating a drive circuit of a
Coriolis flowmeter based on a principle of the PLL illustrated in
FIG. 1.

FIG. 3 is a block diagram illustrating the drive circuit of
the Coriolis flowmeter based on a principle of a digital signal

processor (DSP).
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flowreter to which the present invention is applied.

FIG 7 is an explanatory diagramillustrating an
operation principle of a drive circuit of the
Coriolis floweter illustrated in FIG 6. Best Mde

for carrying out the Invention Wen a digital drive

circuit is used, an inportant point is how nuch a

hi gh- speed response of an analog circuit is duplicated

by tHeé ditgis &l fdpvehalt duiltus tThits ngayybeh son Vet irefeedback

a high-speed driven conputing unit is used. However,
andy foestuafcy eorpwietsipeed  driven conputing unit is

very high, and hence a new problemthat the

possil® .l iX yid @ tfdeow idhdmed idcoitseatihey efrdrve, domgrol.

inventors of the present invention realized the drive

Ci rquid. 8sishg s& rélicdtvirdd deideshnhasedtentangengentrof cdriolis

phase-| ocked | oop (PLL) . The phase-|ocked | oop (PLL)
f1lduwinedtr &l LGN G Hd M de 10T R RULSA NG app19RA

which is equal in frequency to and synchronized in

pha i thsan,kn ti r Ignal, 10 :
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prfﬂ%ﬁﬁ?e EEeaeﬁﬁﬂk§cg&EgE@aékykﬁa%b&ggﬂﬁsffio&wl S i11lystrated

synchroni zat1on and may produce a Signal sync Foni zed
EQFPhQ§e wth an input signal. 11 The PLL is
reldtively easily conposed of a conmputing unit and

can perform hi gh-speed conputation, and hence it can

be expected to suppress an increase in conputation

| oad which is caused by addin the drive circuit to
Besfth&ladsmants (¢ iiitng 1detteities tleyvernd isdst node for

car%%ing out the present invention
en a digital drive circuit is used, an important point is

in

how much a high-speed response of an analog circuit is duplicated
by the digital drive circuit. This may be solved when a high-speed
driven computing unit is used. However, a cost of the high-speed
driven computing unit is very high, and hence a new problem that
the possibility is too limited occurs.

Therefore, the inventors of the present invention realized
the drive circuit using a driving method based on a concept of a
phase-locked loop (PLL). The phase-locked loop (PLL) is an
electroniccircuit foroutputtingasignalwhichisequal in frequency
to and synchronized in phase with an input alternating current signal
from another oscillator by feedback control.

As described above, the PLL is originally a circuit for phase
synchronization and may produce a signal synchronized in phase with

an input signal.
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Is described with reference to the attached draw ngs.
FIG 1 is acircuit structural diagramillustrating a
phase-| ocked | oop (PLL) 30. The phase-| ocked | oop
(PLL) is an oscillation circuit for performng
f eedback control for oscillation on an oscillator
provided in the |loop so that a phase difference
between a reference signal input fromthe outside and
an GutepbLLafs trké adsoklllyat @i py @dnmgped ed of tsheolpoping unit and
mai nt ai ned constant. The PLL 30 illustrated in FIG 1
can pelrfdes aiphasecednpamnptiebtidh, andoedndd |tercad? pbedexpected
vol tage control oscillator (VCO 33, and a frequency
to hybeess 3 idbeeFbd 130dhpusd ¥ B8 dokh WiliGh 1sichiudRd by adding
electronic circuit for outputting a signal which is

thetQualyd BT/ RAUENCY R angdysyncly opjszed in phase with
an input alternating current signal from another

0o C HELALAL DY CPIDRERCOAN SO 1)1 hBS B S0ro 8 RNARG et 0n

di f ference betveen an 1 np n frequency
. an _out.put. si.gnal t he val tage control oscill.ator
s e B R e o1 s ey SR G2 "dEFend ng
on oltage is fed back to the VCO 33 for _ ,
synéffoni Latior? (THEHE cASE-CHAERT 414PYPHedillustrating a
frequency of the output signal of the voltage contro
phape-do6KeCatlor VES-)330-s used, a signal obtained by
mul ti plying the fregyency of the input signal may be
pr odbi€e@heprclogkes aopPodkldi)adgamn Pegsitrating gircult for
drive circuit of a Coriolis flowreter based on a
pergoirméingl ef e¢dlpdek Peend@oll nfd Gos2ilaatipwe ori rawi ps4dllator
i ncludes an OP anplifier 41,
provided in the loop so that a phase difference between a reference
signal input fromthe outside and an output of the oscillator provided
in the loop is maintained constant.

The PLL 30 illustrated in FIG. 1 includes a phase comparator
31, a loop filter 32, a voltage control oscillator (VCO) 33, and
a frequency divider 34.

The PLL 30 illustrated in FIG. 1 is an electronic circuit for
outputting a signal which is equal in frequency to and synchronized
in phase with an input alternating current signal from another
oscillator by feedback control.

In the PLL 30, a phase difference between an input (reference
frequency) and an output signal of the voltage control oscillator
(VCO) 33 which has a frequency which changes depending on a voltage

is fed back to the VCO 33 for synchronization. In this case, when

a divided frequency of the output signal of the voltage control

12



an A/D converter 42, a D/ A converter 43, and an anal og

swtch 44. \Wien a pair of flow tubes included in a

nmeasur enent tube are opposed to each other and an

el ectromagnetic oscillator is operated by a driving

device to alternately drive the flow tubes in a

rotating direction, a drive output signal for

vibrating the pair of flow tubes is obtained froma .
oscsilatour V¢ Wi dis thedanal D & a4pedsRyt BResiplying the

between two signals, that is, an output signal from
fredrhenc &f conweihput 481ianal anay npait psdédmadd out put from

the O°P anplifier 41 after a phase difference and/or a

vi brati an ify equeney Qrepeoshi dhahst tat Coy isoldirs veortecuit of a

generated on the pair of flow tubes are/is detected
corby188 el spheoonopetis phck-pfinkipléeocasiee Wier e3¢ he

flow tubes are alternately driven in the rotating

diregctiem, éf)étgyfﬁg/dﬁ%cdﬂﬂ ot 9neutpdt answbtaehedifier 41,

signal to a drive output anplifier 45. The anal og

an zﬁmt%xée:r%%f 613%,0 L?r BVN céﬂ{fgg{:élf €130 atr{@ganaaﬁéﬁeg Sfiitch 44.

mplifrer I's swtche

:;F@%%gggg%ileogtfikltgh é%mi%%qh%%doink?%e%@%&%%ent t%be are

signal trom the converter 4

Is input to a digital signal processor (D 50 .
PRSI BACES KIS AT ToRFeALEP TN C R e 5 ] 1o B piscpperated

diagramillustrating a drive circui o% a %og olis fat]
by & Roniel 8 dYASEI L8R PG I €7 o7 St Bt g1 (4P Ssi Y rotating

- 13 processor (DSP) 50. The digital signal processor

dir¢oePpnp0ai ravei eREprbcEsgBRl SpEcViPEAEEdi gheapalr of flow

signal processing. Next, an internal structure of the
tub®SPL 500hisa tesdrf ber.a B uDSE SO eligheshgnaBapPit sdetch 44

measur enent section 51, a zero-cross
switches between two signals, that is, an output signal from the
D/A converter 43 and an input signal output from the OP amplifier
41 after aphasedifference and/or a vibration frequencyproportional
to Coriolis force generated on the pair of flow tubes are/is detected
by an electromagnetic pick-off in the case where the flow tubes
are alternately driven in the rotating direction, to thereby be
able to output a switched signal to a drive output amplifier 45.

The analog switch 44 has a circuit structure so that a gain
of the drive output amplifier 45 is switched simultaneously with
the switching of the analog switch 44.
The output signal fromthe A/Dconverter 42 is input toadigital

signal processor (DSP) 50 connected to the A/D converter 42.

FIG. 3 is a block diagram illustrating a drive circuit of a

Coriolis flowmeter based on a principle of the digital signal

13



cal cul ation section 52, a drive waveform generation

section 53, a frequency conputing section 54, and a

PLL 55 (multiplier 56, lowpass filter 57, and

phase-controlled transmtter 58). The respective

constituent elenents included in the DSP 50 are

descri bed below. (1) Anplitude Measurenent Section 51

The anplitude neasurenent section 51 perforns
progegeirtud@SPéalP@ul ation. I n the anplitude cal cul ation,

a spectral strength at a resonance frequency which is

obt ahredibytalFETonglupedcassan dRBP)t Bdeisval nécfoprocessor

i nternal conputation of the anplitude neasurenent
spesecticono 81gi2) Zewoalr pgsc€abkdubati on Section 52 The

zero-cross cal cul ati on section 52 neasures the nunber

of Nekanges ipeteridl stirtetafreaosi@re Dist 80 isnpuiscddbad. The

(sing) output fromthe A/D converter 42, indicating

DSPt be phasedsk fa‘rﬁ@@%mt@@@/ Akastihem¥hBraddoiod requengyro-cross
proportional to t Coriolis force generated on the

calB@&étQanE@@%EBQG§2thCHr§%%/W%v@%&?ﬁtégn9¥aEB8n section 53,
el ectromagnetic pick-off in the case where the flow

aft %ﬁ%ﬁé?é%ﬁg%fﬁﬂ?ggk¥lgﬁ5%§%n %@iﬂ%Srﬁﬂﬁk;ggﬁ§f56,low—pass

ection Zer o- Cross at1on sectl >
- d . t
g T e TR Fare e r e

Gener ation Sectjion 53, Th
gen§f>§I Fore Qe T briaa abt Srt née]se%eerbtt?glsl\ée P Yotk pa 05 50

forg1based on phase data 6 output fromthe
arepﬁ§§€r& Rtlr BFL8Y-transmitter 58. The drive waveform

generati on
(1) Amplitude Measurement Section 51

The amplitude measurement section 51 performs amplitude
calculation. In the amplitude calculation, a spectral strength at
aresonance frequencywhichisobtainedbyaFFT isusedasanamplitude
value for internal computation of the amplitude measurement section
51.

(2) Zero-Cross Calculation Section 52

The zero-cross calculation section 52 measures the number of
changes per unit time of a sign bit of input data (sina) output
from the A/D converter 42, indicating the phase difference and/or
the vibration frequencyproportional tothe Coriolis force generated
onthepairof flowtubeswhichare/is detectedby the electromagnetic
pick-off in the case where the flow tubes are alternately driven
in the rotating direction. The zero-cross calculation section 52

sends a measured value as zero-cross data to the phase-controlled
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section 53 al so determ nes an anplitude of the output
wavef orm based on anplitude data XMAG out put fromthe
anpl i tude neasurenent section 51. Then, the drive
wavef or m generati on section 53 generates the output
wavef orm out put therefrom (4) Frequency Conputing

Section 54 The frequency conputing section 54
cal cul ates the vibration frequency proportional to

trehendortieal 58 .f orce, which is detected by the
el ectromagneti c pick-off, based on the phase data 6

out pus) bromethevehass- Led transmitter 58. (5)
Mul tiplier 56 In the ﬁu??ﬁ%%?é#§%6%e?%%p?n t dat a
into a digital signal

Si na)e bt A 0 rting,
E)y thBleeA/ Dﬁ{:é;ﬁ%gr%%féjr&&?é%gr??gﬁﬁlSe%%%%‘? deyermines a phase

of agpl id OP. anplifier 41, the phase
differ er%ﬁ‘g: g%‘é%%‘?r?‘hé’a\?ieﬁr &t orh#fegdahey & output from the
hPLOPOL L o the Coriolis force generated on the
® pai r %ﬁﬂ#§1w$#Lﬁﬁﬁﬂsmﬁﬁ%%ra§%/i§*ﬁéﬂb@ﬂedwmwdﬂurm generation
e net i i ck-of f in the case where the flow
seceélbcﬁ{ SareT P?gﬁﬁgtl@?? &t ppBAitnde e tt atith@it waveform based

t ubes are "
i s conpared in phase wth an output signa

i rectiqn,
on %%‘Eﬁlgﬁaﬁtﬂat@r Smct HeE piadecnorit & ahlped t uteansdl b t&femSsect ion
51 ang a difference signal and a sum signal are output
't o' PRB” | O SHSis’ Mavert BT gRBieB) 1baWs PSSR §erBlatos the
The owpass filter 57 is a circuit for extracti'ng
outguity wavelfgwar ofitequenty reifgaal. from the out put signals
output fromthe nultiplier 56 through a frequency

filtér. FThenehoyecomphyiagdiEfetr gace, conponent is
extracted fromthe
The frequency computing section 54 calculates the vibration
frequency proportional to the Coriolis force, which is detected
by the electromagnetic pick-off, based on the phase data & output
from the phase-controlled transmitter 58,
(5) Multiplier 56
In the multiplier 56, the input data (sina) obtained by
converting,intoeadigitalsignal,by1juaA/Dconverter42,zasignal
obtain@dbyamplifying,bytjmaOPamplifier41,thephasedifference
and/or the vibration frequency proportional to the Coriolis force
generated on the pair of flow tubes, which are/is detected by the
electromagnetic pick-off in the case where the flow tubes are
alternately driven in the rotating direction, is compared in phase
with an output signal coss output from the phase-controlled

transmitter 58, and a difference signal and a sum signal are output

to the low-pass filter 57.
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out put signals output fromthe nmultiplier 56. (7)
Phase-Control led Transmtter 58 The phase-control |l ed
transmtter 58 generates the phase data 5 of the
out put waveform based on the zero-cross data (ao)
output fromthe zero-cross section (zero-cross
cal cul ation section 52). The phase-controll ed
transmtter 58 outputs the output signal cosh to the
mul (&l ilew-56.ssTHE Ligirt 591 i er 56 conpares the phase
of the input data (sina) obtained as the digital
si giidle Bywepaser Siidnterby 7t He A/ RDiconver fer 42twathitbeonly a
phase of the output signal cosh and outputs the
lowdidA-ffereenee csi gNajnaAnde ddie shkn sugpat & Oghdes | oMepassSfrom the
filter 57. The low pass filter 57 perforns filtering
mu 1A AUt ORIt o ulgte adifffeffce, Ganperent. The
phase-controlled transmtter 58 cal cul ates the phase

dat @h2 8@ ctrhat o QUi RUL 1 ¢2ka MROf ot heh Lif fier 88CLacted from the
conmponent becones” 0, and then outputs the cal cul ated

se,; h [ f .generati on section
quyy% %ﬁg% ?Fvgu%gy%fggggéﬁgfﬁ?¥gﬁg%g?%gngE3generates
t he eform_ bhased t.he _phase. dat a out put fromthe
Phasa: cONePST T el EPanSH LEar oTas ‘aha But puts ¢ he

gener at ed wavef or m t put data ( siny) to,_ th
B ATEGI T or A T RERES & ATV eta 56 Fof nERpase data
digital signal processor 16 (DSP) 50 is described, In
S oAnthfi PREPIS R RESHT v& EPECEREC2BTOsRedPld r(gp output
flow tubes which are opposed to each other and _
froméhgdadrPncE fes nedshi efrehte re ubeo st eadetulaltiemaesityon 52) .
driven by the el ectromagnetic oscillator. Therefore,
t he Tpaiphagfe f¢ow talbles] doaneni¢tbr MBeoupens dhrghysput signal
t he
cosd to the multiplier 56. The multiplier 56 compares the phase

of the input data (sina) obtained as the digital signal by conversion
by the A/D converter 42 with the phase of the output signal cosd
and outputs the difference signal and the sum signal to the low-pass
filter 57. The low-pass filter 57 performs filtering to output only
the difference component. The phase-controlled transmitter 58
calculates the phase data o so that output data Vn of the difference
component becomes 0, and then outputs the calculated phase data
d to the drive waveform generation section 53.

Thedrivewaveformgenerationsection53generatesthewaveform
basedon thephasedata d output fromthe phase-controlled transmitter
58 and outputs the generated waveform as output data (Xawpsiny) to
the D/A converter 43.

Next, a drive start method for the digital signal processor
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i nput signal is not input to the OP anplifier 41 of
the drive circuit 40 and the output signal is not
output fromthe OP anplifier 41 of the drive circuit
40, and hence the drive output signal is not output
fromthe anplifier 45. Wen the input signal which is
output fromthe OP anplifier 41 and input to the A/ID
converter 42 is 0 (anplitude is 0), the gain of the
(DS3Ut gt lanplddSdmemetb is switched by the anal og switch
44 illustrated in FIG 2 and connection is nade so
t hatIrt he imptial stgral ovhiled drs veutputufit oifi,t hbeGPair of flow
anplifier 41 and input to the A/D converter 42 is

tudd eBLEY dripoibpd Sed e g bkhek bl idbeneéarie, thé heasurement
i nput signal is output as the output signal fromthe

tutRBkEfASYE 2142rnk@ cliRenebYe AR} ¥ haNe ] ddiddhagtid @t beRillator.
to a drive coil. Affer an anplitude val ue of the input

ThedGAle WeheNd 5. g4t pU,, tfu%%ﬁzae%@ﬁﬂ?h'tél ernddoAalthgly, the

I nput to the A/D converter Increases to a certain

oo | ) ) j 44 i b0l I . .
i8S AL LEIL 48k BL U NEE A B0 401 Bzt
40 Igg%{J::t Slut Q%acg)utt\é\gsll%li &%\ljtéfotl{te rJurtZ)gl]tlt g%&(njl: t%gp lOIP!c Ia%lr?tlzzl_lfier 41

irectly inp

t tge,anpllfier 45 returns to the nornmal connection .
OF GPFVBTALEL 6 REAE S bnltl STGR FEEnOAS O TG SLonal is not

respective constituent 17 elenments included in the
outpsp 55 o4 EhgesEilBdder (4h)- Anplitude Measur enent

Section The phase difference and/or the vibration o

f r effliemc phept bt t$bwad L v ide icopibPris feprehe OP amplifier

generated on the pair of flow tubes in the case where
41 whel filrgwtt dvedhar /8] emvatdler drd vien 0 famplitude is 0), the
gain of the output amplifier 45 is switched by the analog switch
44 illustrated in FIG. 2 and connection is made so that the input
signal which is output from the OP amplifier 41 and input to the
A/D converter 42 is directly input to the amplifier 45. Therefore,
the input signal is output as the output signal from the amplifier
45, to thereby apply an initial vibration to a drive coil.

After an amplitude value of the input signal which is output

from the OP amplifier 41 and input to the A/D converter 42 increases
to a certain level, the analog switch 44 is returned to an original
state. Therefore, the connection state in which the input signal
which is output fromthe OP amplifier 41 and input to the A/D converter
42 is directly input to the amplifier 45 returns to the normal

connection drive state.

Next, calculation methods for the respective constituent
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the rotating direction are/is detected by the

el ectromagnetic pick-off, anplified by the OP

anplifier 41, and converted into the digital value by

the A/D converter 42 to obtain the input data (sina)

In the anplitude neasurenent section 51, a rea

conponent and i nmagi nary conponent of the input data

are calculated by a fast Fourier transform (FFT) and
eletnbetanmhictudedvahue hXMAGPi $0obtrai dedckibatda power

spectrum of the input signal by Expression (1).

[ Expresaimpnit]id¥, meesarBRémtmBection

......................... (1) I'n the anplitude

cal gykat baasaf theramphitudanApasur eaent viseeti®A Skrequency

the fast Fourier transform (FFT) is used to calculate

pro%B%tﬁB%%ﬁréb §Bée@8£bﬁﬁ,sta@ré§$£ﬁﬁﬂﬁﬁxﬂf%ﬂy%ﬁ%ypaaﬁdof flow

he spectral strength is used as the anplitude val ue

tub)e(lgA nfgﬁet?gsén§§éP@JEh§a§§HQQRhﬂﬂs%ﬁfi%EtQQEEEEQQedriven in
measur enent Section 51. ( er o- Cr 0ss e phase
di fference and/or. the_vibratian fregyﬁycy he ele

then TG i Ehaf 1 o- the CBF FoI-F's FEFEe SGeder ared on FRgomagnetic
[ f fl ot [ h e_wh the fl t ubes .
s R AL LRSS b e Cane et (SO LS o o

are/is detected by the el ectromagneti c i ck-of f

digafpllifaete BY ifed P CRRFRItrérd 410 i@ iomierrey titis (sina) -
the 18 digital value by the A/D converter 42 to

In diteai anp Het Ydpurcdarreqsihayecsighalrl | @ tHal component and
zero-cross neasurenment section 52, the nunber of '

imaghaagescampgdriant0o§ theci rgfutt Hetsiage i tcwlfattdby mpiast Fourier
data signal is counted. Then, an approxi mte val ue of

trahbB€oirmpUrET r equeticy anfpl itthelesvghaé Xord patofaaomachér®t@ power
converter 42 is obtained. The val ue

spectrum of the input signal by Expression (1).

[Expression 1]

X, o = NREZ+IME e i (1)

In the amplitude calculation of the amplitude measurement
section 51, the fast Fourier transform (FFT) is used to calculate
the spectral strength at the resonance frequency, and the spectral
strength is used as the amplitude value Xwe for the internal
calculation of the amplitude measurement section 51.

(2) Zero-cross

The phase difference and/or the vibration frequency
proportional to the Coriolis force generated on the pair of flow
tubes in the case where the flow tubes are alternately driven in

the rotating direction are/is detected by the electromagnetic

pick-off, amplified by the OP amplifier 41, and converted into the
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obt ai ned by the zero-cross neasurenent section 52 is
sent to the phase-controlled transmtter 58 as the
phase (ao) which is calculated based on the
zero-cross data and used as a base. The zero-cross
measurenent tine is not limted to 0.5 sec and nmay
be, for exanple, 1 sec. (3) Multiplier 56 The phase
di fference and/or the vibration frequency ,
digprepoitlinay the AR aosTieaitier foriceCembl dthedi Bt Agta (s1nd)
pair of flow tubes in the case where the flow tubes
sigaak. al trertie eordhrdnoss imeasenesttasesgianr eér i bhe number of
are/is detected by the el ectromagnetic pick-off, ‘
changpki fiediby0t hes€P afpthéi eigdlbiandf convertedt i dlea signal
the digital value by the A/D converter 42 to obtain
is thent&put TWairg 63 Agprosigaak. vahue hef mild iipbuer £66geéncy of
the PLL 55, the input data signal is multiplied by
theldEy 04t Rl p@vetonramd nl/becomitite sidgnat antdaitted fr Oe value
t he” phase-controlled transmtter 58. Wen the out put

othEnEBebghgﬁg'fé%@lé%ééﬁiﬁééﬁﬁﬂ@ﬂédﬁ Jertdenotedisby¥ent to the
cosh, the conputation (sina cosh) of the multiplier

. f | il cula
phaggaégggggg?%?g%gf@ﬁléﬁé§¥§§5h§%9§§§§éQ&oghhl%h%é%ml lated

+sin(a-(5)) ...... ...
. (2 4) L P Fi.l v kNt
oasir| phr t69) “PRE aCBtt “StaBut UrCt Font PR mul {ipl i er

o b L ST TS e o

W Trequency conponen
When 1/2 which is_the coefficient of Expression (2)
mayj BeonifPref*BRBEE  oh ERE-

(3) Multiplier 56

The phase difference and/or the vibration frequency
proportional to the Coriolis force generated on the pair of flow
tubes in the case where the flow tubes are alternately driven in
the rotating direction are/is detected by the electromagnetic
pick-off, amplified by the OP amplifier 41, and converted into the
digitalvaluebyiﬂuaA/Dconverter421x)obtaintheinputdata(sina)
signal. In the multiplier 56 of the PLL 55, the input data signal
is multiplied by the output waveform of the output signal output
from the phase-controlled transmitter 58.

When the output of the phase-controlled transmitter is denoted
bycosé,thecomputation(sina-cosé)ofthemultiplier56isexpressed
as follows.

[Expression 2]
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assunption that the high-frequency conponent in

Expression (2) is conpletely renoved by the | ow pass

filter, the output Vn fromthe |owpass filter of the

| owpass filter 57 is as follows. [Expression 3] Vn =

sin(a- 8) ...... .. (3) When "(a-5)"

in Expression (3) is assuned as a sufficiently snmal

val ue, the output Vn fromthe |owpass filter of the

| ow-pasg filter 57 may be apprOX|nater expressed as
Smﬁ?cﬂqsév% (SIP@b§é$§1f’éﬁ 4@))Vn O s A R (2)

......................... (4) Therefore, when the

out put waveform cosh of the output signal output from

t he (BhasewedatroFlieterramsmtter 58 is controlled to

repeat the conputation, the output Vn becones Vn~O

TheNphaseidathe 1bwebakBefiundarEnt aheovt ppitit wemef ouffout from

which is a result obtained by conputation by the
thephabeigonér 4 €@ Franspelitiey H8okwSphisBafl YreASE the low-pass

follows. [Expression 5] 8 = a

filter: b7 - to-extract-only- théE@ow£¥%%@¥ﬂhé§“%dﬁﬁg%&ﬁ%'OWhen 1/2
he

as descri bed above is perforned, hase 5 of

whlthPQHﬁﬁi%%@%f@@K%%Q 5??% s@ 6@ 156 i MPUE based on the

signal phase a may be

assgﬂgﬁﬁogbgﬁggh#gghg. n8n1fﬁl cgﬁcgﬂ gHSPE@' ression (2) is

se-contr ol Sm SSI1 on

conb SRASTEYh DL T e PP SO0 A, .
lowigggge?Ethgdo%h gu&g%tpggg ltgr 57 is as follows.

[Expression 3]

Vn=sin(a@—08) e (3)

When " (x-3)" in Expression (3) is assumed as a sufficiently
small value, the output Vn from the low-pass filter of the low-pass
filter 57 may be approximately expressed as follows.

[Expression 4]

Vn=0a—3 e i it s e e e (4)

Therefore, when the output waveform cosd of the output signal
output from the phase-controlled transmitter 58 is controlled to
repeat the computation, the output Vn becomes Vn~0. The phase data
o of the fundamental output waveform which is a result obtained
by computation by the phase-controlled transmitter 58 is finally

as follows.

[Expression 5]
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of the phase-controlled transmtter becone the sane
phase as described above because of the condition of
Expression (4) which is the approxi mate expression
from Expression (3) . However, under a condition in
whi ch phase control is not established, for exanple,
inan initial control state in which phase matching
cannot be achieved or an anti-lock state, it is
nec@ssarnhd compict 2asen asldeckdmidged Aeove fs peehocasds, the phase
the val ue of the output signal Vn output from the
& ofownpassthutterghdl ilsasitig ashd/mns=bwd phaslease phasenput signal
control transm ssion output is calculated fromthe
phaBBagemad 8s thechasecbased on the result obtained by
nmeasur enent by the zero-cross nmeasurenent section 52,

and (thephrapspbssi-gn1bregugnsyi ot ek-hggphase-control | ed
transn1tter is determ ned based on the output result

of th& o QQ@Scoﬁtk&f%eé%r@%s‘i’ﬁ%@e‘?@@ Mﬂeg)%q{eew?ﬁ\n}ﬁgml ssion

(6). In t e drive waveform generati on section 53

freg}lenel%atslt%er ga%%eé ngegt Pkr %We Eﬁtgg‘@sglgggirg&ﬁegutput from

ans I'S generate ase

theclaclv(l:ugaastse 1?%erog4 %e 1np¥%%§rsélﬁ[%gﬁg raanSangsolu&:r?ut frequency

maveforn1|s enerateg by ap sine function
of BodbBAStRESBhASE S tgr@na%eétﬁ%d%weab?%s&a@ﬁ @ypse as
and shifted by n/2. Therefore, the output fro
des?ﬁébﬁésébéﬁﬁtg%FFéﬂe F alradri Gnd l@ﬂ?nnaf @é966§§ﬂﬁad (4¢ which

follows. [Expression 7] sin((5 +z/2)=cos5
is the approximate expression {rym FHeregspon cdsh ooiaivieed under
from Expression (7) is input to the
a condition in which phase control is not established, for example,
inaninitial control state inwhich phasematchingcannot be achieved
or an anti-lock state, it is necessary to increase a locking time.
In such cases, the value of the output signal Vn output from
the low-pass filter 57 is set as Vy-1=0, a base phase control
transmission output is calculated from the phase oo as the base based
on the result obtained by measurement by the zero-cross measurement
section 52, and the transmission frequency of the phase-controlled
transmitter is determined based on the output result of the low-pass
filter 57 as described in Expression (6).
In the drive waveform generation section 53, when the phase
data & output from the phase-controlled transmitter 58 is generated,
the phase data & is calculated as follows.

[Expression 6]

5—_—ao+Vn ......................... (6)

21



mul tiplier described above. (6) Drive Waveform

Ceneration Section 53 The phase infornmation 6 output

fromthe phase-controlled transmtter 58 and the

anpl i tude val ue Xwp of the output signal output from

the drive waveform generation section 53 are generated

as a function of the output data XNAG fromthe

anpl i tude neasurenment section 51 as foll ows.

[ Expr éssiromigys loyaAMRree Bx(IX\VAG) generated by applying a sine

......................... (B) Simlarly, a phase y of
funichie coutyauste dsiognaheopihauise fdaam thebdriived Wavef Bkpression (6)

generation section 53 may be expressed as a function
andodhi bt e@bbaimed byhExpressi athd )t pLExpreessh®ph8ke¥Ycasntrolled

Fa((5) ... .o (9) Therefore, the

traflsi e tShrgnBal mhyowePubrhriemd he doilvewsavef orm
generation section 53 is expressed as foll ows.

[Exq@§§§gggigg]7¥ANP'siny I PN Ceee
(10) 2 Note that Fx and Fa indicate a function for

sin(§&FF Al O g he  anpl i tude of. t he. out put. wavef.orm. angd,
a function for generating the phase thereof,

i vel The. f i f ' 8)s&
et el A SRR, PR R PRI ACLe W <o e

ependi ng on _a.dianmeter or type of a Coriolis
mul%é%i&@&r%eﬁgFlgfgnﬁ EV%when a drive waveformis

generated, in which a , _
(6) Drive Waveform Generation Section 53

The phase information ® output from the phase-controlled
transmitter 58 and the amplitude value Xap 0f the output signal
output from the drive waveform generation section 53 are generated
as a function of the output data Xuag from the amplitude measurement
section 51 as follows.

[Expression 8]

X = FX(Xppc) e (8)

Similarly, a phase y of the output signal output from the drive
waveform generation section 53 may be expressed as a function of
5 obtained by Expression (9).

[Expression 9]
y=Fa(8) e (9)

Therefore, the drive signal y output from the drive waveform
generation section 53 is expressed as follows.

[Expression 10]

XAMP'Siny ......................... (10)
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target anplitude value of an input waveformis "Z" and

a phase thereof 1is shifted by n (rad), the function

Fx of Expression (8) and the function Fa of

Expression (9) are as follows. [Expression 11]

Fx=Z-X,uac, Fa=S+gt ......................... (11)

(7) Frequency Conputing Section 54 The phase data 5 of

t he out put signal output fromthe phase-controlled

t r aNshet tleat 58x nayd biga expliessiel aad uhoitliows for generating the

[Expression 121 8 = Z.,.f.t ... .. . . . .
amp(i2hdewhér ehn: opicphit driveéotrmeqeedcy ftuncsaopl fog gaterating

Thus, when the phase data 5 of the output signa
theophpet themeotherpbpsetcoslyol led transmitter 58

illustrated in FIG 3 is divided by 2n t, the

f regHeneynctionayxbe rolt:qined ias descrdedHd function Fa of
Expr essi on (13) [ Expression 13] 23 f S = (13) 2 ,rt

Expyégglgﬁe §§|H§eOEhEHSeEr8@H§H8¥n" "nOQtéhQﬁgté£08} type of a
preSS|on (13) is Used as the 3r|ve frequency,

r sonance vi bration driving which has
Cor§§g§9r3§g§§5é§ is very stable, and has high Q may be

ggg%adquapp%%égglﬁg%r 99%% &g%g?g%ﬁ EQ%KL&S%H?%Fyln which a
target amplitude value of an input waveformis "Z" and a phase thereof
is shifted by o (rad), the function Fx of Expression (8) and the
function Fa of Expression (9) are as follows.

[Expression 11]
Fx=7Z-X,,5, Fa=8+m  ceecetiiiiiiiiiiiiiiii, (11)

(7) Frequency Computing Section 54

The phase data & of the output signal output from the
phase-controlled transmitter 58 may be expressed as follows.

[Expression 12]
O=2--FT-t e et e it s s s e (12)
where m: pi

f: drive frequency

t: sampling rate

Thus, when the phase data 3 of the output signal ocutput from
the phase-controlled transmitter 58 illustrated in FIG. 3 is divided
by 2ni+t, the frequency "f" may be obtained as described in Expression
(13).

[Expression 13]

23



of the DSP 50 are described with reference to a flow
chart illustrated in FIG 4. In FIG 4, in Step 100,
initial settings of the phase data b output fromthe
phase-controlled transmtter 58 of the PLL 55 and the
out put signal Vn output fromthe | ow pass filter 57 of
the PLL 55 are perfornmed (50=0 and Vo=0). In Step
| 0I, the data output fronthe A/D converter 42 is
cagtured and the initial phase ao is conputed as the
f =base—by the zero-cross neasurenmeni- section 52 based(13)
i the val ue of the captured data from the A/D
converter 42. After the initial settings (50=0 and
Vo=@hear ehpeardlargred the Stepck; "itn Shepiddd fidreExpression
i nput data (sina) which is anplified by the OP
(1334 iyfsie@r a 4 hand: Convekt@dnicht Osd i dicgbkale Ml die DY ibration
the A/D converter 42 is captured to the nultiplier 56
dri®inbhenPkh Bas n30@ thephase datg.a9 QubpYk, AR KAS high o
zer 0- cross measurenent Section 52 15 captured to the
phase-caontrolled transmtter 58 of the PLL 55. Wen
maY; Eg ?ﬁggfﬁhggt'a (sina) and the phase data ao are
capt.u 102 hase data

red 24.in Step-10 iLn_St , .
ot DHE T YR HO BIEOE CORe YA B0 LS RS F107- 5y g grocessing
bt ai by the fall ow ng conputatian =Sn- 1+g0+Vn- 1
of i BPGH T Parriar s TBEBRACE B ? A 0Bt vah polustrated
. 51, 1 of the phase data b, and an initial set value
in Y46t 6f the output signal V output fromthe | ow pass

filter 57 of the PLL 55. Wen the phase data 5n out put
fr ot REGph4selonte®wl 1@y initial settings of the phase data

& output from the phase-controlled transmitter 58 of the PLL 55
and the output signal Vn output from the low-pass filter 57 of the
PLL 55 are performed (8y;=0 and Ve=0).

InStep 101, thedataoutput fromtheA/Dconverter42iscaptured
and the initial phase ¢y is computed as the base by the zero-cross
measurement section 52 based on the value of the captured data from
the A/D converter 42.

After the initial settings (3¢=0 and Vo=0) are performed in
Step 100, in Step 101, the input data (sina) which is amplified
by the OP amplifier 41 and converted into the digital value by the
A/D converter 42 is captured to the multiplier 56 of the PLL 55,
and the phase data oy output from the zero-cross measurement section
52 is captured to the phase-controlled transmitter 58 of the PLL
55.

When the input data (sina) and the phase data og are captured
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transmtter 58 is conputed in Step 102, in Step 103,
t he phase of the output signal cosh” which is output
fromthe phase-controlled transmtter 58 to the
multiplier 56 is conputed based on the initial phase
ao, the initial set value b._1 of the phase data 5,
and the initial set value Vn_1 of the output signal V
- output fromthe |owpass filter 57 of the PLL 55. The
in Sempii edipdtsetl & gplad se 88 ke Gaoutpulttinsim e pRas ot Fomsrolled
by the input data sing" which has converted into the
tragsgiitaervabBuésbypbthénatiDogotiver felldRing obnpihat hen
output signal Vn fromthe | ow pass filter 57.
Vn=§j-ranxenshia-, Wien t he out put signal Vn fronthe
| ow-pass filter 57 is obtained in Step 103, in Step
bas&B4on the OHtpiklshignad o¥h ahiieh tiislasdtialallyie BUL R the phase
fromthe | ow pass filter 57 through a | ow pass filter

dathsSs, d@iRednithatl &8¢ Jdndder | owrpess dudder s8gnalihe ocutput
out put data output fromthe nﬁﬁtlpller 56 is filtered

frohhequahotbgakawrpass f5ht gF tRe extrast only the
| ow frequency conponent as the output signal Vn

O.Ut ﬁH%nf QL It;{:}ﬁas% Ddgggvgrt %Et?%t 2f oweﬂ}héehﬁ?%%-ggé’%trolled

si gnal vn wh I's actualfy output fromt
fLlt 57-through the | ow pass fhLter is abtajned,in
ragphfhedist (1P SphiGel O BRRRnLD%c it o Foohe pnase of

perforped based on the, value 5, for. phase conparison

the CORBRIF bt O S TRRS st Al o P UGRC (RETphAge At 5 Sonrolled
output fromthe phase-controlled transmtter 58 is | |

traH?WFHE@r5V3EﬁﬂjH?mPHélP#éﬁﬁe%éﬁf;%QWRH&?%5@§§@ﬂWbﬁh§4lnltlal
to obtain the frequency "F' as foll ows.

phase oy, the initial set value d,-; of the phase data &, and the

initial set value V,; of the output signal V output from the low-pass
filter 57 of the PLL 55. The computed output signal cosd, is
multiplied as follows by the input data sino, which has converted
into the digital value by the A/D converter 42 to obtain the output
signal Vn from the low-pass filter 57.

Vn=sinc,xcosd,

Whentheoutput signal Vvn fromthe low-pass filter57 isobtained
in Step 103, in Step 104, the output signal Vn which is actually
output from the low-pass filter 57 through a low-pass filter is
obtained.

That is, in the low-pass filter 57, the output data output
from the multiplier 56 is filtered through the low-pass filter to
extract only the low-frequency component as the output signal Vn

output from the A/D converter 42.
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F=(5n-c5n-1)/2n t Therefore, when the frequency "F" is
conput ed based on the value S for phase conparison
conmput ation, very high-speed conputation nay be
achi eved. Wien the frequency conputation is perforned
based on the value 5, for phase conparison
conputation in Step 105, in Step 106, an anplitude
value XM G of a signal input to the frequency
coniplu¢i nighe segtiuwn s§4natl Vhewhiele of asalvedilat peRref from the
the frequency "F" is conputed. That is, the anplitude
lowvahse HXMtG@E 057t herbnphttisé goal-ratsst fielternes ofotained in Step
cal cul ation of the frequency "F" is conputed by the
104§ requsiegy 106Qnadthngnsgctbmpubdt iand heroe orretchbesed on the
not period matching is accurately achi eved may be
valdet gf idedhasedGipdhies midiigidea viadrue  XVAG of the
i nput signal. The anplitude value Xm G of the input

si gpak+ at st he f i g0f 1p6al eulatianofadhe brequeney from the
"F'" 1I's conmputed using a fast Fierier transform (FFT)

phagn%m@XSErofyga t , %ﬁr&ﬂ%é’fq%t%s}"@\i%%ww 2n-t by the frequency

Vi Ng-aver age e sane effect nay be obtairned. Wen

comﬁggaﬁgﬁé%ggggnvgh UE?nggg‘igf tflgegg.&gﬁ@{]ﬁ%npﬁ"; 5& f@flows .

cofnpurti nhg sectron t1me of

cal cul ation of, the frequency "F" is conputed in Step
106?‘&3@3§S§V&61r turns to Step 101. Wen

conputations from Step 101 to Step 106 are. repeated
Theﬁ%?@réccﬂ?%Peth%wﬁF?ﬁéﬁﬂ%%eé% Fﬁ%dﬁgﬁwﬁegoﬁﬁﬁggt?ﬁnthe value

may be achieved. In the synchronous feedback and ,
On e IARSy COBPFILISHG FPBPESSItAGN  of St e BEP~8PSCRnEpfPutation
| oop cal cul ation for maintenance is repeated as
mayibeusthaeeddin FIG 4, the frequency (phase) converges
to the
When the frequency computation is performed based on the value

5, for phase comparison computation in Step 105, in Step 106, an
amplitude value Xwme of a signal input to the frequency computing
section 54 at the time of calculationof the frequency "F" is computed.

That is, the amplitude value Xuae 0f the input signal at the
time of calculation of the frequency "F" is computed by the frequency
computing section 54, and hence whether or not period matching is
accurately achieved may be determined based on the amplitude value
Xung ©f the input signal.

The amplitude value Xme 0of the input signal at the time of
calculation of the frequency "F" is computed using a fast Fierier
transform (FET). However, even when the input waveform 1is
moving-averaged, the same effect may be obtained.

When the amplitude value Xuag0f the signal input to the frequency
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i nput frequency. Wen the drive frequency is not
| ocked to or does not converge to a frequency .
different fromthe input frequency, a result obtained
by anplitude value calculation is very small
Therefore, whether or not the phase is |ocked nay be
determ ned based on the result obtained by anplitude
val ue cal culation. Next, drive control processing is
cogeseridete wii tdn ref erente ttaecaof! ewlehaktibhl ystrad %d:equency
in FIG 5. In FIG 5, in Step 200, the digital signa
"F'brigcessiputeBSE) St ils)@CEkMaésgiaadré@@r&SFéégtbg 101. When
initialized, that is, the |n|tLaI Settlnii gf th
IML&S@: dCCu
Cotrans&???gfigguggé%hzgggkiggegng§§ﬁéggﬁ%§utEﬁi@é%?xbh curate
i jd t.er 5 t he are
amgg%l&cﬁ rﬁe%é%HS Oﬁ:%@%dné(}i/& Oz%?ngdéﬁftﬁeorn t :%Ilibnelt fl Calﬂ_Jieff §:di’82t .
[ ' in St e inpu ,
(51 Pal P e ehBeeiR g Rl ﬁ%q‘d?%?}’féfmivgm% Spcessing
o the anplitude

oc LIS B4 SOMVAELE 12015 LABHLLE S RS RIS L e

measur ement

rcent age of t anplitude value with respect to a
2 QT R A Sy

SPanSSFARE AP r t BR€ 4Bredsentiat (Rhase heopivasges to the

._difference and/or the vibration frequency
1P FGRAYSHSY ‘to the Coriolis force generated on the
pair of flow tubes in the case where the flow tubes
arewﬁﬁpéﬁﬁéﬁépyedf¥©@%e¢©yJﬁ%@otdﬂﬁﬂﬁﬂbtdKHEdbeeﬁmﬂiConverge
are/is detected by the el ectromagnetic pick-off,
O aAprAPPEE VLY £ frr Ot dmphiflieingly Ansoanwer betkdultOobtained
the digital value by the A/D converter 42 to obtain
by amelinpae dalwe (silwa)lationnithees appdnid ude MRRFUFBRBN yhether
section 51, the real conponent and
or not the phase is locked may be determined based on the result
obtained by amplitude value calculation.
Next, drive control processing is described with reference
to a flow chart illustrated in FIG. 5.
In FIG. 5, in Step 200, the digital signal processor (DSP)
50 is activated and the DSP 50 is initialized, that is, the initial
settings of the phase data & output from the phase-controlled
transmitter 58 of the PLL 55 and the output signal Vn output from
the low-pass filter 57 of the PLL 55 are performed (&p=0 and Vy=0).
After the initialization is performed in Step 200, in Step
201, the input data (sina) which has converted into the digital
value by the A/D converter 42 is input to the amplitude measurement

section 51 of the DSP 50 to compute the percentage of the amplitude

value with respect to a span of the A/D converter 42.
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t he i magi nary conponent of the input data are
calcul ated by a fast Fourier transform (FFT) to
obtain the power spectrum of the input signal which
is converted into the digital value by the A/ID
converter 42. In Step 201, the input data (sina)
whi ch has converted into the digital value by the A/ID
converter 42 is input to the anplitude measurenent
secteh 51 ¢ ReapsPlBOf QRGP CEnEN et detdge bFequency
the anplitude value Xm G of the input data (sina) with
propegpacnatotot heespaniotisheor® svrmastied U2 thgheairhef flow
percentage of the anplitude value XM G of the input
tubgat an( sheayawhichers impuflaw tiesampld aldernately driven in
measur enent section 51 of the DSP 50 with respect to
thet hetspamofdihec?™ &h caneét berde42ctiest conptitedeilacStepagnetic
201, in Step 202, whether or not the percentage of
pickbe ranphip udei ¥alpie tXelo® Qipihei dhput, datiacdsidi®ed into the
with respect to the span of the A/D converter 42 is

dig8qyalvd 1 OFy IRV DIRAN 0% 4 5 rdfidiimnerde iWBeR ddtd $sina) .
determined in Step 202 that the percentage of the

In Qﬁe!5&%@?tﬁ@%uﬁe§§gE§h%%ttg%cE@BHt5g§t@héskggi_&@ﬁg?nent and

is input to the npl 1 tude neasurenent section

eneClph RO BT S L BOERL 10,0 PR ChI DR, oy o caat

203 he applit val ue XAyp output fromthe driy .
Fougaust b RS BOREr bt Thh Koak G5 anPabeutE (i ot she input
. the drive waveform generation section 53 determ nes
S19pRY s £ BGETB L1 BOFPUBSRaRare L Xaﬁra?%)tksa%&j%ﬂverter
the anplitude value Xrus input fromthe anplitude
Z.neasur enent section 51 and

In Step 201, the input data (sina) which has converted into
the digital value by the A/D converter 42 is input to the amplitude
measurement section 51 of the DSP 50 to compute the percentage of
the amplitude value Xyae of the input data (sina) with respect to
the span of the A/D converter 42.

When the percentage of the amplitude value Xuac ©of the input
data (sina) which is input to the amplitude measurement section
51 of the DSP 50 with respect to the span of the A/D converter 42
is computed in Step 201, in Step 202, whether or not the percentage
of the amplitude value Xy of the input data (sina) with respect
to the span of the A/D converter 42 is equal to or larger than 90%
is determined.

When it is determined in Step 202 that the percentage of the

amplitude value Xuae 0f the input data (sina) which is input to the
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generates the output signal (XFypsiny) which is output
fromthe drive waveform generation section 53. Wen
it is determined in Step 202 that the percentage of
the anplitude value XMAG of the input data (sing)
which is input to the anplitude neasurenent section
51 of the DSP 50 with respect to the span of the A/ID
converter 42 is equal to or larger than 90% and when

amplié uglephpegdeepanbesodprntlpet thromihéldrite respect to the
wavef orm generation section 53 is set to O in Step

spa20®f phecésd cgnpeoteedd 2t 0sSkegmal2Bd. ovhéariperi shan 90%, in
deternmined in Step 204 that the percentage of the

SteanplBt udeevahpel XMAS ofl thexiynputtwat & (i ndg)e whiich wsveform
input to the anplitude nmeasurenment section 51 of the

genBeBt30nWiskhtiespest ioskhetospan of the A/ D converter
42 is equal to or larger than 10% in Step 205, the

anplrihbedes validea XMR Pl rif eMetrhe idhi ¥ecayefsy Abtermines
generation section 53 is determ ned by conputation

thebé‘rs@gi@@d he %ﬁﬂgﬂgﬁ s‘i%hlaﬁ e ‘p:sdﬂtv)t I?)%sie'apblxg_the aﬁnplitude
waverorm (Si ng | as converlfMe Into the di gita
I by. )fD 0 r % gh [ drive .
va1f, B Hrboher it i L8 eTBY 53 et SR Ree g9 e ton 51 and
anplitqﬂg of .t he out i gnal _( XAnpsi n )1ﬁ$s d_.on_the ;
GeTZRBIEEUHES CUSPUS G of NERE FNBUL Wavar AT iy he drive
i ch has cogverted into he digital value by the AID
wavesRvBy PERCE3LARR PREGECPr Orirt he anplitude rmeasur enent
section 51, and generates the output signal (XAnpsiny)
whi Fhepst butH e trrsmneRel ars veP foeh geparaiGoH-ade of the
section 53. Wien it is determned in Step 204 that the
amppeéitgdat agbuefXmhet Ahpl fnbde dattadsined, @hofht he Jnpiit to the
data (sing) which is input to the
amplitude measurement section 51 of the DSP 50 with respect to the
span of the A/D converter 42 is equal to or larger than 90% and
when the amplitude value Xawp output fromthedrive waveformgeneration
section 53 1is set to 0 in Step 203, processing proceeds to Step
201.

When it is determined in Step 204 that the percentage of the
amplitude value Xwac of the input data (sina) which is input to the
amplitude measurement section 51 of the DSP 50 with respect to the
span of the A/D converter 42 is equal to or larger than 10%, in
Step 205, the amplitude value Xpwp output from the drive waveform
generation section 53 is determined by computation based on the
amplitude value Xuas 0f the input waveform (sina) which has converted

into the digital value by the A/D converter 42.

That is, the drive waveform generation section 53 determines
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anpl i tude neasurenent section 51 of the DSP 50 with
respect to the span of the A/D converter 42 is equal
to or larger than 10% and when the anplitude val ue
XAnP out put fromthe drive waveform generation
section 53 is conputed based on the anplitude val ue
XM G of the input waveform (sina) which has converted
into the digital value by the A/D converter 42 in '
thespapl208depp HEESsPAEPBE culets! t(EnBsépy20dasqton the amplitude
addition, when it is determned in Step 206 that the
valper cent age twfe timuwmpiavaferny al uencXMAG iafh thee iappuerted into
data (sing) which is input to the anplitude
theng@agut ehentl uedsy icar 751D obntrbet BSR SénaMinbutriaspeche boplitude
the span of the A/D converter 42 is equal to or |arger
meddigrenkft iskcBtiep 807, atdeyarmidddide hvabuep XA cHEIPUKypsiny)
fromthe drive waveform generation section 53 Is set

whildh & JTRitBiR aldae thEhafriive Jde iy @ MRVEftAlgN section 53.
generation section 53 determ nes the "anplitude of the

out RiferSkgnal 1y 1Raged080 4 Ng, AMRLLt Ydece NBLYE of the
? o1

X, A6 I nput fromthe anplitude neasurenent section

A! enenates Lhe: Qutbyt, 3i-onal , (X DSi i LN LSue o tn
ampo&%&f% f?lom t%émd‘fl ve Wagefltorm geher i g isécton @é o the
nijt is determned jn St ?th@étep cent age
med i s s LS PP i oS O hl B S Tof PEHiT rf L B Sooet to the
sina) which is input to.the anplitude nmeasurenent .
SR Gt /o D9 50 itth SBBect € TS DegpdAzer 108 and
the A/D converter 42 is equal to or larger than 5% and ,
whegheh aRReé 1 AHARIVELYE Xpat QeCIXAL 45 OBURTAAT FYONPYRECEROPESration

wavef orm generation section 53 is set to the maxi num
seqfgdlaie > prii Scepraozd praveosi hge prutleddsle volseepr20f . the input

In Step 208, when the anplitude val ue XMAG of the
waWeﬁhum1Wa¢eh0rwhich has converted into the digital value by the
A/D converter 42 in Step 205, processing proceeds to Step 201.

In addition, when it is determined in Step 206 that the
percentage of the amplitude value Xung 0f the input data {(sina) which
is input to the amplitude measurement section 51 of the DSP 50 with
respect to the span of the A/D converter 42 is equal to or larger
than 5%, in Step 207, the amplitude value Xayp cutput from the drive
waveform generation section 53 is set to a maximum value.

That is, the drive waveform generation section 53 determines
the amplitude of the output signal (Xawesiny) based on the amplitude
value Xune input from the amplitude measurement section 51 and
generates the output signal (Xawpsiny) which is output from the drive

waveform generation section 53.

When it is determined in Step 206 that the percentage of the
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(sing) which is converted into the digital value by
the A/D converter 42 is small, it is determ ned that
synchroni zation is not achieved. Then, the anal og
switch 44 of the drive circuit 40 is switched for
activation processing. In this way, when the
percentage of the anplitude width of the input
wavef orm (sina) which is converted into the digital
ampyaryde vyliheipy DIchRget it 42 nd Sie%) npt c olSt HaPpgpto the
50 with respect to the span of the A/D converter 42
ampi st egaanea P ermeal Gerctitpan 59004 the DS PPKkel§h trgspect to the
saturate the input, and hence the anplitude value of
spanhefdﬂkwé/@u¢@mver3ereuhdedethémxache&etget then iSdpand when
anplitude is smaller than 10% and equal to or |arger
thet &\l 5% dé hea lampkijudet pukdf holftidelrdieveaodtfpuh generation
i ncreased. When the value is further smaller (when

sect e¥els30fs Eapul HPhbkudemive 18l d step R8N, Phocddsiing proceeds
determ ned that no signal is input, and then

to aethvapion processing is performed. In FIG 5, the
anpl i tude determ nation for the anplitude value is

perfqusr{%% ?@@e%h@ﬂ aﬁg‘bg\é?%%u@l@dvasl@e RUL. A} Se i g%t waveform

specific exanpl e. erm nation condltlon
Slg? %ﬁﬁh%%fgh %&gqﬁgﬁggp%on %Péibi%%a pec?pyg)?%%verter
= %%%%éﬁ“ﬁﬂ&?f F%ﬁm?i‘ie%u#b{s%?f%% ?ﬁétz'a??o i nsmchieved-
e s Bt PP ey iRl e ened for
the i nput waveformis obtained and the drive waveform

actigabhpeuPaPedsSHaRSd on the difference. The drive

output 1is controlled so that the anplitude val ue of
theImn@QRSVWﬂMﬁ(Nhﬁn the percentage of the amplitude width of

the input waveform (sina) which is converted into the digital value
by the A/D converter 42 and is input to the DSP 50 with respect
to the span of the A/D converter 42 is equal to or larger than 90%,
it is likely to saturate the input, and hence the amplitude value
of the drive output is reduced. When a level of the input amplitude
is smaller than 10% and equal to or larger than 5%, the amplitude
width of the drive output is increased. When the value is further
smaller (when level of input amplitude is smaller than 5%), it is
determined that no signal is input, and then activation processing
is performed.

InFIG. 5, the amplitude determination for the amplitude value
isperformedbasedon 90%, 10%, and 5%, but thisis aspecificexample.

The determination condition is suitably selected depending on the
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becones the target val ue. Wen the synchronization of
the feedback systemis not achieved as described
above, the frequency neasurenment is unstable and the
nmeasured anplitude value is substantially 0. Hence,
processing enters the activation processing. Next, a
feature of the driving nethod based on the contro

sys?g%hggrggfg%%lQggtgeégfrgéeéggéitfgggg'on and a
eature o e requency neasur enent nethod are
descrjbed. <Feature of iving Met > The S
i SOt W ESeB ot i oL hE L ARROr G ernBaC hebaraRg e Of the
.to the present_invention is that ase .synchrani zati on .
driyepabPrictst 9Nt wrhh éﬁ&’%&”&e&%&?g?%& ei‘”?"l*ﬁfq mggperation
entire control systemrelated to structures and
sectyprt?dng ditd fiegeacsobat vaenntbe tRr 9inerd Lysr (B8R vrlue) and
the DSP, and hence there is an advantage that a verg .
the complaidtudst vadtaref e bappEovd Gekpahd s pheaint@rmmsl the drive
paranmeters (Fx, Fa) of the DSP nmay be changed to use
wavgforouss serisurlstedFatedeonf tire etusene s ulferedt bve output
32 The feature of the frequency neasurenment nethod is
is tbatryelyd Hoghhspetde cahsll atdonvahye bef achée ergait waveform
because processing which is inconvenient and has an

becb@ggeaﬁgdt@g@@@rvgiu@rogran1steps, for exanple, a
H | bert transform (90-shift conputation) or TAN'

cal gnbathanyiy-Re £ldiMat ede NN §9566€n is not achieved
resi stance i's high because of the use of the | ow pass

as %ééé].e{bea& at%ﬁosv%,d%ﬁg EPQQuEHCE/nﬁea£@}%Méﬁt ofs LR&table and the

rrving ne .

measured amplitude value is substantially 0. Hence, processing
enters the activation processing.

Next, a feature of the driving method based on the control
method according to the present invention and a feature of the
frequency measurement method are described.

<Feature of Driving Method>

The most distinctive feature of the driving method according
to the present invention is that phase synchronization capability
is high and noise resistance is high.

The entire control system related to structures and functions
is incorporated into the inner portion of the DSP, and hence there
is an advantage that a very compact structure may be provided and
the internal parameters (Fx, Fa) of the DSP may be changed to use
various sensors.

<Feature of Frequency Measurement>
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As described above, with this system the cal cul ation
speed maybe significantly increased, and hence the
f eedback | oop is always synchronized and the
comput ati on progresses. Therefore, the frequency
measur enent converges to the limt and is thus stable.
For exanple, a capability of 1 nmsec which is extrenely
shorter_ than approxipately 100 cosec required
or RBE FRART fnE ERe TS B AISa FRELebREref 15 that very
function maybe digitally-represented. Therefore, a
higsreReegyCroFUHRE Ve dMaYnbSi 4CBEC¥eff PAFagRBsPECFESSing which
provided, and hence currently desired custonmer needs
is pagobeenagnsfand haFhiad iLscrgaspgniimeantopeiregren §rems, for
and produces a naX|nun1advantage 33 CLAIMS 1. A
exa@pilepl iss H1Dwweet et rhavifogra 30 Ucthirfe | pompiicht Bopai pr TAN™
of flow tubes constituting neasurenent tubes are
caleppasédnt omeache ®t hetfnated elact rdragoetsiec reséskbateris high
is operated by a driving device to alternately drive
bechlgef bOWHAIDES bA Bhé Ol difligekirofs @b @3cribed in the
el ectromagneti c pick-off detects a phase difference

fea@ugéoafathalagﬁ%hﬁa feegyency proportional to a
Coriolis force acting on the pair of the flow tubes

“heﬂstﬁg% ge&ﬁaHJV%fIMT@hIHH§§ §&§%éﬂ1b&§k§@alcEQatlon speed

thereby obtain a nass flow rate and/or density of

may&! éggﬁfflpgngggiﬁE?gﬁfﬂgﬁr?%?hEHSFq?ivféghﬁgW%ﬁ?ggJj;always

Ses i ng an ana
ut . si gnal mthe ele trona netic pick- of
Synﬂﬂ CRGAT rt%ﬁd”f% céﬁ%%?iﬁ ha? 0g° 7 ghal o iﬁﬁﬁpre’ the

frequency measurement converges to the limit and is thus stable.

For example, a capability of 1 msec which is extremely shorter

than approximately 100 msec required for normal measurement may
be obtained.

The control functionmaybedigitally-represented. Therefore,

a strategy for drive diagnosis or self diagnosis is provided, and

hence currently desired customer needs may be satisfied. This is

a significant point of view and produces a maximum advantage.
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fromthe OP anplifier into a digital signal; and a DA
converter for converting, after digital processing
performed by a digital signal processor (DSP) on the
digital signal output fromthe A/D converter based on
phase detection, a digital signal having a processed
data anmount into an analog signal. 2. A Coriolis
fl ownmeter according to claiml1, wherein the digital
si gnal processor (DSP) coﬁ&%%&%: an anplitude
measur enent  section for anplitude- calculating, as an
ampli thdeC Vb bes Bl ypeialhatikhgt KtaCaUrésdRaticech a pair
frequency wusing an FFT; 34 a zero-cross cal cul ation
of Séevi brbddreorsisuri v @ MrAbErelFnt dhdeges rpeprpaped to each
time of a sign bit of digital data input fromthe A/ D
otheonaar ¢ ee¢t apwa gue put tasng. 1d ateasis edevakad lasa driving device
zero-cross data; a drive waveform generation section
to &Adregeaecedyidgian the pilfow wankeforim hyrdetetohndbgea@bion, and
anpl i tude of the output waveform based on an out put
an &ledtaokhtnandcapptitude datactsom phesanl ffetence and/or a
nmeasur enent section; a frequency conputing section for

vibeat evhatidthendy HeeRey ikasadt oo cehase idat&r QMtRUWi ng on the
fromthe PLL; and the phase-|ocked | oop (PLL) for

paiP&f ehll POt heRhazB-Hetigcti-an of%%dfggwﬁ%es are vibrated,

zero-cross data and output data fromt
e Lokis f C ' t o-cl aim .
ro SABNE CRre i SnaRt Th o PR Gt o 2 e o
be déég&rsignal for driving a coil at a transm ssion
?reque%%y synchroni zed with an input signal based on
a transnj ssj.on frequencgeobtained by the phase
d

ei%%??%hnaH%e driving device comprises:

an OP amplifier for amplifying an analog input signal
from the electromagnetic pick-off;

an A/D converter for converting an analog signal output
from the OP amplifier into a digital signal; and

aD/Aconverter for converting, afterdigital processing
performed by a digital signal processor (DSP) on the digital signal
output from the A/D converter based on phase detection, a digital

signal having a processed data amount into an analog signal.

2. A Coriolis flowmeter according to claim 1, wherein the
digital signal processor (DSP) comprises:

an amplitude measurement section for amplitude- calculating,
as an amplitude value, a spectral strength at a resonance frequency

using an FFET;

34



based on the digital signal obtained by A/D converting
the input analog signal fromthe el ectromagnetic
pick-off. 4. A Coriolis flowreter according to claim?2
or 3, wherein: the phase-locked |oop (PLL) conprises:
a multiplier; alowpass filter; and a
phase-controlled transmtter; the nultiplier conpares
a phase of the digital signal output 35 fromthe A/D
convePEEP RFPRSaCphasea6£Cq BpGrtal dut freLigmy @ number of
output fromthe phase-controlled transmtter, and
chag@iesuPs rau i | flekened aspganlPEhPadddgitailghala input from the
t herebetween; the |low pass filter extracts only a
A/D oonteegaencndiogialutiriom aaweouma veilgaaks faagmtdwess data;
mul tiplier; and the phase-controlled transmtter
gener dt £ge plragsef dat geokratibunskaoentralf ooug ot ravaved agrmputput
based on the zero-cross data fromthe zero-cross

wavedolrinoBy €etPuhesiag piasensd tdird ocaut peitowtadet fvaemtithe: based
| ow-pass filter becones 0, and generates and outputs a

on \Wvel@imit based anpihe GRMPHEd PhRseath AréRrtBki Smplitude
fl ommeter according to claim1, 2, 3, or 4, which has

mea@duGheWitt stdiyeture in which: an output signal output
fromthe analog switch is anplified by the OP

a”pH{fe %a:%%Féﬁéﬁkfﬁ%ggceygﬂfaféﬁfgdﬁﬁtfﬁé5Pﬁe??encybased

anal O output as a I ve out put “si gnha
and _a gai.n of .th Lifi N wi t ched by the
on gﬁgﬁgg%gﬁﬁtgﬁﬁpu§6%@o%“%he ﬁ%i, 3nd
the phase-locked loop (PLL) for performing the phase detection

based on the zero-cross data and output data from the A/D converter.

3. A Coriolis flowmeter according to claim 2, wherein the
phase-locked loop (PLL) generates a drive signal for driving a coil
at a transmission frequency synchronized with an input signal based
on a transmission frequency obtained by the phase detection and
based on the digital signal obtained by A/D-converting the input

analog signal from the electromagnetic pick-off.

4. A Coriolis flowmeter according to claim 2 or 3, wherein:
the phase-locked loop (PLL) comprises:

a multiplier;

a low-pass filter; and

a phase-controlled transmitter;

the multiplier compares a phase of the digital signal output
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from the A/D converter with a phase of a digital output signal output
from the phase-controlled transmitter, and outputs a difference
signal and a sum signal therebetween;

the low-pass filter extracts only a low-frequency signal from
an output signal from the multiplier; and

the phase-controlled transmitter generates phase data of a
fundamental output waveform based on the zero-cross data from the
zero-cross section, computes a phase so that output data from the
low-pass filter becomes 0, and generates and outputs a waveform

based on the computed phase.

5. ACoriolis flowmeter according to claim1l, 2, 3, or 4, which
has a circuit structure in which:

an output signal output from the analog switch is amplified
by the OP amplifier connected to an output terminal of the analog
switch and output as a drive output signal; and

a gain of the OP amplifier is switched by the analog switch.
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