DESCRI PTI ON CORI OLI S FLOAWETER Techni cal Field The present invention
relates to a Coriolis flowreter which detects a phase difference and/or a
vi bration frequency proportional to a Coriolis force applied to a tube, to
thereby obtain a nass flow rate and/or density of a fluid to be neasured.
Background Art The Coriolis floweter is a mass flowreter, which
utilizes the fact that, when a tube through which a fluid to be neasured

flows is supported at one end or b ereof, and vibration is
applied to a portion of the tube a?%ggg?gﬁéégupporting point in a direction

per pendi cular to the flow ng di i be, the Coriolis forces
AEN B

applied to the tube (hereinafter, vibration is applied is
referred to as flow tube) are proportional to a mass flow rate. The
Coriolis flowreter, which is well known, is roughly classified into a

straight _tupe type _and a curved tube type in terns of the flow tube shape
of the CbFf P?ggglgﬁﬁg?er. The Coriolis flowneter is a nass
flowreter for detecting a phase difference signal proportional to a mass
flow rate at sYRPEITSIHIL poventdns belaben supp6erripdisi Dhawihere botthiends
and a central portion of a measurenent tube through which a fluid to be
measur edd¢ ¥ owEs prrha sadef fiheerce hadfvasur eheat 1 onbfecysesuppordped: tatorkat h
ends thereof and the central portion of the supported neasurenent tube is
al ternatedya diowenlis foxie exppbieperpendiwht artd ahrersippadtdimne e
phase difference signal is a quantity proportional to the nmass flow rate.

Wien a dflow ngatfe equency densid ntai neds constantbe ke hiase di ff erence
signal may be detected as a tine difference signal at the observation

positions of the nmeasurenent tube.

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



When the alternate driving frequency of the neasurenent tube is nmade equal
to the natural frequency of the neasurenent tube, a constant driving
frequency corresponding to a density of the fluid to be nmeasured is
obt ai ned, and hence the neasurenent tube may be driven with small driving
energy. Therefore, recently, the nmeasurenent 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

f | owret erhe weesuviebr At dws lirs aappd¢ ediere ahstwed ghtertartie thaei ng shgtdo et
supported, in a direction perpendicular to the straight-tube center portion
axi s, a ditf flesemcends dhepkacen®nt tdfe tdenistanighiticbheoduehico S Fard®lis
forces is generated between the support portions and the central portion of

the strainghisundieant Babeiis al berphaseydidfferense §iﬁ@@£ib§p&§ﬁéﬂ&%uﬁa}d1
based on this phase difference signal, the mass flowrate is detected. The

strai ght dgibe sypsofernohis fhewmeiarsd hikss €onstddic S; [ -
conpact, and soI?% structsre.h%h t%§%£%53 hané%yfﬁggghgr%geg gﬁgggﬁgﬁnin
that hig t:i sensitivi C t achi.ev I aont r ast

the curv ﬁ%&ggtlto&%é Ie)r ilttlc;llei gltafysﬁoa/?rg?e]rrg%'s%rgﬁr?gar C%rolvtlhneq s%rlr%a geg}cif ulbse
type Corial:i s _f.l r.n.th th urved_ -t ube type iolis flowreter
al | ows sg%el&%aolr? \(Q#T%rg%ssﬁggéc’fgbee?sae% i%{/le §e% 't At nsf)ln %@%ﬁieol oSG ¢ks.
In fact, _the curved .tybe type Coriqglis flo ter is .capabl e of perforn ng
mass fl oW°r &t %lalgt g&tf:%%ﬁe\ﬁly“{)en SHigé"‘r"i‘(is sitiViRPE R 3&%?&&;}%@% Ahehe
curved tube type Coriolis flowreter include one including a single flow

t ube (seBCFEHFCELRpItEPeIP 04- 55250 B), one including two flow tubes
arranged in parallel (see, for exanple, JP 2939242 B), and one including a
singl e flow tulBepnthe Iiddsedadieafeivdag, fFreruananmsieths mempipmieB) tube

I ncidentally, a conbination of a coil and a nmagnet is generally used as
driving #eafgdroradeilviteg thise neltowatlubeedPieacyoiolf she tiee smagmen tarteibe,
preferably attached to positions which are not offset in the vibration

di recti on wingtmnt dowviinhef hegearrsey aopasispioonahgred atdemshi p odevhatfilanid
between the coil and the nagnet is mnimzed. Therefore, the two fl ow tubes
arr angedtbnbpaned $etedsi slichtlansed,i AandPh283824Re Bued su sdhachethiisd mas, e
sandwi ch the coil and the magnet. Therefore, the Coriolis flowreter is

desi gneddsovthatwidle twa10ppesedidd ownleugs arensepanated feomeash qther
at at least an interval to sandwi ch the coil and the nagnet. o

Cori ol i spbkowrBhens tusd %Qisngeﬁén@aiiwetelmg%ibgﬁaéteéhie%ésla;.féi %egfru%h@la a

Coriolis flowreter having a Targe dianeter or a Corioll owret i ng

hi gh f1 ow,5ube. rrgidi HXfi]/f%r'é‘ﬁﬂ%i Legnl® 108238 ROUET 9L iR dnifdNg eans,

and hence 1t 1s necessar
tosandmﬁ§¥%§£9edrivingneansbetmeenthetmoflomﬂubes. Therefore, such a
Coriolis owneter is designed so that an interval between the flow tubes

isn rily_w.den i fix n rtion which i rtion
O? tﬁgeﬁfgm/tﬁ£%§gﬁa%%rgg%%t ngetqqggcgrQO gst%fowmetgr,vﬁuglg%%%a%go% °

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



As illustrated in FIG 6, a general Coriolis flowreter 1 includes a
detector 4 and a converter 5 for two U shaped tubes 2 and 3. A
vibrator 6, velocity sensors 7, and a tenperature sensor 8 are attached to
the detector 4 for the nmeasurenent tubes 2 and 3 and connected to the
converter 5. The converter 5 of the Coriolis flowreter includes a
phase neasurenent section 11, a tenperature neasurenent section 12, and a

drive c o] t 13 a C is nfigured as
follomsoaﬁé brREE hgﬂalgFnggs%gﬁgﬁsg%b§H£S|ng |§$ Eﬁ%e exe gggeCtgg phase

nmeasur engot . 11 of, Q?@(%e omng}er perfornms Al D converslon on signals
fromthe pair of el oc y sensors or ‘digital conversion proceSS|ng and

t hen obtains hase difference bet n the converted S|gn Next ,
a neasurenent%d%?uﬂf{ﬁﬁﬁfb§h?h8uF¥ eF&%ﬁrédﬁﬁhs g%?W%ﬁF%Q i§

descri bed. E erature sensor for tube te erature congensatlon IS
provi deURETHRF €5 FBPi St¥3 biketiatoe type Coriohiscklaumgicrr tiypéhasénpheat ur e

sensor is generally used to neasure a resistance value, to thereby
cal cul at@y 9% iy&cattyps, Coriolis flowmeter allows selection of a shape

for effectively obtaining the Coriolis forces. In fact, the curved
tube type Coriolis flowmeter is capable of performing mass flow
rate detection with high sensitivity. Known examples of the curved
tube type Coriolis flowmeter include one including a single flow
tube (see, for example, JP 04-55250 B), one including two flow tubes
arranged in parallel (see, for example, JP 2939242 B), and one
including a single flow tube in a looped state (see, for example,
JP 2951651 B).

Incidentally,acmmbinationoféacoilandanmgnetisgenerally
used as driving means for driving the flow tube. The coil and the
magnet are preferably attached to positions which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet is minimized.
Therefore, 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



The drive control section 13 sends a predeterm ned node signal to the
vibrator 6 attached to the neasurenent tubes so as to enable the tubes 2
and 3 to resonance-vi brate. A conventional anal og drive circuit
having a positive feedback |oop structure is frequently used, in which
circuit conponents are different depending on a tube shape or the like, and
hence it is difficult to obtain a common converter structure. The
drive cigCubt- t u L ndepende f hase. measur enent
section 12, aﬁgqﬁﬁugggzﬁ%gggcéﬁykgg §§ggr?%9ﬁa%%§gf§h§%l%%yah% fgauired

i ncor por at.e ) t asur enent neans sed on_the Coriolis
force pr?%c?%?ge?ﬁﬁgﬁeEﬁggghgéﬁgﬁffyl?ﬁem%?%?ef“Fﬁ%epggtlFlerﬁﬁc??ﬁﬁfwive
circuit |j t. utilized for superior function depl oynent. The
conventi%éggaﬁﬁiﬁg%ﬁﬁ%ﬁé?lY%&gﬁﬁaﬁﬁQF5§e€Pﬁ&ﬁqw%ﬁiﬂ%FHP%$~Tﬂ?€ref0fe,
conventiona% dnive.chc%it has a structure as illustrated in FIG 7.

The operalftBr? praTid pi% PR <dr ivederiened 39 Ithstr anetniarr Gbetwaen
descri bed. An input signal of a pick-off is full-wave rectified by a
ful I - waveR? ett9v iteoas Asunecesspréilydeddenedreeamplin adéiredsem@mentt sact | on
20. The input signal of the pick-off which is full-wave rectified by the
full -wavélieltifierbese codrtXan|ef j pipait £1ow atblmws pass filter 22 included in
t he anplitude nmeasurenent section 20. In this way, the anplitude
measur ement skt i bhl @9t obted nsnaRIanpbit adeevalrue obraw liiRPUtl olmmeatar m of
the input signal of the pick-off which is input to the |low pass filter 22.
The anplincbedeal acattiaioed bnd he canpkirtude 5Meas Uf REEN sISE5dd ANl IS
subtracted by an adder 23 froma reference voltage value Vref input to the
adder 23nanzl then nmultiplied by a multiplier 24 by the input signal of the
pi ck-of f which is input to the anplitude neasurenent section 20. An input

UL put amplifrer Dt hen oot ot SSa R ar Ve et ghalEROR LHE G
out put @RIMd i@t a&Med 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,andthenobtainsaphasedifferencebetweentheconverted
signals.
Next,aneasurementmethodusedbythetemperaturemeasurement
section 12 is described.
A temperature sensor for tube temperature compensation is

provided in the Coriolis flowmeter.



When the anplitude val ue of the input signal does not reach a predeterm ned
| evel , an output of a start circuit 26 is changed to switch a gain of the
output anplifier 25. Then, a level of the drive signal increases, and hence
the input signal rapidly converges to the predeterm ned | evel. The
conventional drive circuit operating as described above has the nerit that
the response to the change in input signal is excellent because the drive
circuit has th c S but has_the fol rlts
Di scl osure of %hgggkggﬁgké tbe £éH§%¥£€%ﬁven? %%5|l%r$%&$%%i%ﬁlqs
probl em fhat it 55Fg|ff cult to de5|g% ghconnnn dL ve circuit for coupllng
h

to various types-o géﬁsorgebggéﬂebn GETPUr FRet bk Hiret r RIS -
circuit constapts are fi The conventlonal drive circuit has
anot her probl e ?ﬁ%?vg‘58%?r%%éﬁﬁﬁ%Oﬁﬂdhé?nﬁéébﬂé%d%ﬁ%ﬂﬁUHﬁémoéﬁf@uﬁvﬁhents
included in.the circuit is larg The conventional drive circuit

has a fuf?Hdie ﬁfﬁgﬁﬁéﬁlrtﬁafttqatcheéi Receks Msp iy smgnistubas iswipei toadnable
dlfference of the circuit itself and nount a | arger nunber of conponents,
in ordert®® Bdees 3eprddd agnosesendnertvipratethe drive circuit. | t
is an object of the present invention to provide a Coriolis flowreter in
whi ch a di gi t & cdniveatépnelianalogudeive oiadpisthan ig@pesduakvediddayence of
the drive circuit itself and drive paraneters, to thereby enable a comon

drive cikewp tstrodiereessghesjudriiel wiiseel, Cinothich eibeul BCosmes @ ds idran
inner portion of an operator, and a reduction in cost and an addition of a

sel f - di afindisident ugdd o i e seasibky sheglkl 88dthe like, dAH HIRLe t0 s ve
t he above-nenti oned probl ens, according to claim1l of the present

i nventi eifAfae ito P deth &dadldi0ldshfd QMPBLE-hayi g a structure in
which a pair of flow tubes constituting neasurenent tubes are opposed to

each other, amal getranagnetic h%bssc'thleagefu& PP RIGL LG dE! vl dey ce

to alternately drive the flowtubes in aro ion,

1 equenty B BRaE onal (s Gof | 1Fe Toec 4t ng SR Re Paf nae

frequency proportlona orce @
IS O e e ind B L L
based on the Corioclis force principle (phase measurement).
Therefore, the fact is that the drive circuit is not utilized for
superior function deployment.
The conventionaldrivecircuithasananalogcircuit 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

rectifiedbythefUll—waverectifiercircuitZlisinputtoalow—pass

filter 22 included in the amplitude measurement section 20.



in which the driving device includes: an OP anplifier for
anplifying an anal og i nput signal fromthe el ectromagnetic pick-off;

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

i : i,gi i | hayi d. da nmount into an
anal 0g oi gnai 4 Fhid 9'0%@%ra?'ip%q§&dv~e2%%%%u§s§%§fﬁsé%%%é%ﬁ%@% 3 on
i . i f t i tion, _there is provided a riolis
1 ownet et bt S EHEE o ?fsfi{friz?%nav'ral”%$ %%Eé‘wl%%}g%tm ides? gt the
i tude,. t. sect] f i tude- calcul ating, as an anplitude
vl ue, - SEATEStT ALt h B TR Qg TR eV AR iy an FRT. &

zero-cross cal culati on section for nmeasuring a nunber of
The amplitude value obtained by the amplitude measurement

section 20 is subtracted by an adder 23 from a reference voltage
value Vref input to the adder 23, and thenmultiplied by amultiplier
24bytheinputsignalofthepick—offwhichisiﬂputtotheamplitude
measurement section 20. An input signal obtained by multiplying
by the multiplier 24 is input to a drive output amplifier 25, and
then output as a drive signal from the drive output amplifier 25.

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
drivesignalincreases,andhencetheinputsignalrapidlyconverges
to the predetermined level.

The conventional drive circuit operating as described above
has the merit that the response to the change in input signal is
excellentbecausethedrivecircuithastheanalogcircuitstructure,

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.



changes per unit tinme of a sign bit of digital data input fromthe A/D
converter, and outputting a neasured value as zero-cross data; a drive
wavef orm generation section for generating an out put waveform by

determ ning an anplitude of the output waveform based on an output froma
PLL and anplitude data fromthe anplitude neasurenent section; a
frequency conputing section for calculating a frequencybased on phase data

output from thendbbhvaAtlional drititec PRESEr haskathd 1ROPp EBbLen itk tPeiharm ng
t he phase detection based on the zero-cross data and output data fromthe

Al D convgst@fes higher beddli¥ A8 LR V& 4 N&ARONEHIENLIQNG dp&gb%ggfb|is

according to claim3 of the present 1nvention, there is provided

fl owmeter. j ich hase-1 ocked | oop (PLL) generates a drive signal for
driving %l%%{fj}@altgqalgtlfgaeﬁsm ssion frequency synchronized with an input

s1gnal based oL ARBY 37 p0n LE0URnEY, Obhay 1o By Lo phase, detaction

signal ffggééggsgkg%%tggﬁgg?gk%dgfggéggIdifferenceofthecircuititself
and mount a larger number of components, in order to add a
self-diagnostic function of the drive circuit.

It is an object of the present invention to provide a Coriolis
flowmeter in which a digital drive circuit is used to adjust an
individual difference of the drive circuit itself and drive
parameters, to thereby enable a common drive circuit to be designed,
thedrive circuit tobe incorporated inan 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:



In order to solve the above-nentioned probl ens, according to claim4 of the
present invention, there is provided a Coriolis floweter in which: the

phase-1 ocked | oop (PLL) includes: a nultiplier; a lowpass filter; and a
phase-controlled transmtter; the multiplier conpares a phase of

the digital signal output fromthe A/D converter with a phase of a digital
out put signal output fromthe phase-controlled transmtter, and outputs a

di fference signal angd,ays gnal  therebet ween; the |ow pass filter
extracts only a IOMFf?equgﬁ%ﬁlgﬂ%i~%ogrgﬂ?gﬁﬁ%h?%d?l§P@ﬁ§9 iPBREthEgnal

[
y signal
| ed transm tter generates phase

mul tipli €komand 1 hase-control | e
data of a fundaﬁeﬁtgftgéggggeﬁéeePbF%f8£§ed on the zero-cross data fromthe
tes a Phase so that output data fromthe | ow pass

leelr ;)-e?r gzﬁoig(s:t i()on:an%?gﬂg SRS %‘ﬁ@ o PR Se Bt e ehorm 1log signal out
1 put
from the OP amplifier into a digital signal; and
aD/Aconverterforconverting,afterdigitalprocessing
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.

In order to solve the above—mentioned}problems, according to
claim 2 of the present invention, there is provided a Coriolis
flowmeter in which the digital signal processor (DSP) includes:

anamplitudeneasurementsectionforamplitude—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



based on the conputed phase. In order to solve the above-nentioned
probl enms, according to claim5 of the present invention, there is provided
a Coriolis flowreter which has a circuit structure in which: an

out put signal output froman analog switch is anplified by the OP anplifier
connected to an output termnal 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

swi t ch. TAeeakd Ag M@@h@%@v%@%ﬂ&%&b@bgﬁeﬁg, the aelzrﬁ%ttt%e

invention, the individual difference of the drive circuit itse

drive pafgggﬁegsogrghgd%yéésﬂt %gv%HQESHy ?Hé?leégi%9@598egrgvgﬁgkkﬁ§%}0}o

be designed, the drive Circult e incobrporate the rnner

t he oper the.reduction, in cost,and. the ition of the ,
se|f-diégﬁggngﬂfd%ES?%ng&§56e98%§F|goFESEi%%aP Eﬁgiﬁ IEEHAGS 6n 95E Vene
Dr awi ngs. . FIG .1.is a structural diagramillustrating a phase-I|ocked
loop (PLI)INaL for ‘%I’:Jr%%“‘% 3 §Oé5b?‘ba<%aﬁa§w§ﬁwppu@ﬁ%w §YBFNVEndizesui t
of a Cbqu!is fl.owreter, based on a principle of the PLL illustrated in FIG
1. Withas PRUE $i906dk BRSEst AR A ISneaissg onhE TeANGECYi PRERENe t he

Cbrioli§>flomneter based on a principle of a digital signal processor
(DSP) . y the phase detection and based on the digital signal obtained

by A/D-converting the input analog signal from the electromagnetic
pick-off.

In order to solve the above-mentioned problems, according to
claim 4 of the 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 cutputs a waveform



FIG 4 is a flowchart illustrating synchronization feedback and frequency
conputation. FIG 5 is a flowchart illustrating drive control. Fl G
6 is a structural diagramillustrating a general Coriolis flowneter to

whi ch 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

I nventi ofased on MEncshsligid abhglsd ve circuit is used, an inportant point
is how nuch a hi gh-speed response of an analog circuit is duplicated by the

g o r T bedle T Y Bl ety BrOB1SREe AN o

conputing unit is used. wever, a cost spee i ven cohputi ng

e T L e

limted occurs. : rnventors o résent 1nv iSon
realized:fhe drive circyit using a q%ivin met had based on a concept of a
hase- | ocked™ S Sop TED Do p‘ﬁ%s%uﬂ &etd‘gi B an el ectronic
phase- ; ! ~1 oct .
circuit for outputting a,signal which_is equal infrequency to and .
synchroni zed i3 PHISEFWSEADET PHHBECaf FeFnat | R £ rentt <l gRaPmPLdhigsot her
oscillator by feedback control. As described above, the PLL is
ori gi nal?Y¥ tAecPPcampli b epharrneG R ichisPaPERUANEE FAYdF sduddeaaBrgral
synchroni zed in phase with an input signal.
switch and output as a drive output signal; and
a gain of the OP amplifier is switched by the analog switch.
According to 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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The PLL is relatively easily conposed of a conputing 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 adding the drive circuit to
the conputing unit. Hereinafter, a best node for carrying out the present

invention is described with reference to the attached draw ngs.

FIG 1is a

circuit structural diagramillustrating a phase-locked | oop (PLL) 30.
The phase-| ock&dGL obp s(LLlilow shartOSTl b @td ©ThEiskekdhlroh®rzaPebhofdd didh ok
f eedback control for oscillation on an oscillator provided in the |oop so

that a pbaﬁefdéﬁﬁehepc@oﬁ?hﬂ@gmog,reference signal input fromthe outside

and an out put of the osci

conparator 31, a loop filter 32, a voltage contr 0ScC

| ator provided in the |loop is naintained

const ant . FIGTh§.E&Fa3§1£L|Hﬁéf@tfﬂl&é&fﬂé&n%h&f%@éﬁ#ﬁhé%_ h@iﬁ» 33 and

a frequency diyigder 34, struct‘tugchfdﬁ)é 39 11l trrai%tsi%%q%gfaﬁlle%a]l@ﬁsi ’pﬁn;‘ Sto

el ectronic circurt for output gnal IC

I'ng a

anot hor bLenere )RSk Bbnrriay 1 AVSRLIE Y Sl stonal Trom

anot her osci

FIG. 7 is an explanatory diagram illustrating an operation

principle of a drive circuit of the Coriolis flowmeter illustrated

in FIG. 6.

Best Mode for carrying out the Invention

When a digital drive circuit is used, an important point is

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 1loop (PLL) is an
electroniccircuitforoutputtingasignalwhichisequalinfrequency
toandsynchronizadinphasewithaninputalternatingcurrentsignal
from another oscillator by feedback control.

As described above, the PLL is originally a circuit for phase
synchronizationandrmuzproduceaisignalsynchronized:hlphasewith

an input signal.
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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 whi ch 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 oscillator (VCO 33 is used, a signal
obtained by nultiplying the frequency of the input signal may be produced.
FIG 2 is a bl obk milagsaneidt ustlatdaig 18 dbmpes&d Tk tcdMp i 1G0f LakkSang

fl owmmeter based on a principle of the PLL 30. In FIG drive

2, a
circuit 4@ni pekades RIGEPsgaBEi EdBrudds i, A sRA%er ti%_rcéﬁ,b?l%}éﬁ% ed

converter 43, and an analog switch 44. When a pair of
m

N a4
i ncl uded tbnspgRasus TR Juke; AIe %@?I%%?L@nt aec?'ﬁﬁig%qesrcgﬁl%‘egglytaeé%%iarﬂ%l y

el ectromagnetic oscillator is opera by a driving device 10 a

drive theptl gwi;,gbggf'&??@ Lot gﬁgngog%%?%(iﬁggh%@ drive output signal for

vibrating the pair ow tubes IS ai roma structure in which the
anal og switch 44 it ehes between % signals, that |s, an output signal
fromthe DA c@%ﬁ%}r{\%‘%’?‘c%ﬁ’ 3%&3% P %%f’rs‘%g‘?ﬂm&ﬁ‘&fh? GIRSERE O HHpIqT i er
41 afteri ghage.difference fnd/or a vibration frequency proportional to
Cori ol i s>T oF ce” GEneY at b oh T RESHSE r LOf TRE oo tamRed H%a %Rt ect ed by an
electronagneti§ $ick-off in the case where the flow tubes are alternately
driven in the Fbtatiing' 8 PeckHEriit o Sthecebyabe HAEa® bdlipatratsnit ched
signal to a drjve output anplifier 45. The anal og switch 44 has a
circuit ReFSRTIPEeD torR &Flfal n3®f the drive output anplifier 45 is
swi tched simultaneously with the switching of the analog switch 44. The
out put si gnal Treomhare-Al@kahvierder (RIZL) sis nputostad 1d adiigint alisignalfor
processor (DSP) 50 connected to the A/D converter 42. FIG 3 is a block
di agr amp¢fistmiatg nfeaddacie ittt 6braoscillation on an oscillator
provided in the loop so that a phase difference between a reference
signalinputfromtheoutsideandanoutputoftheoscillatorprovided
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. 1In this case, when

a divided frequency of the output signal of the voltage control

12



Coriolis flowreter based on a principle of the digital signal processor
(DSP) 50. The digital signal processor (DSP) 50 is a m croprocessor
specific to digital signal processing. Next, an internal structure
of the DSP 50 is described. The DSP 50 includes an anplitude neasurenent
section 51, a zero-cross calculation section 52, a drive waveform
generation section 53, a frequency conputing section 54 , and a PLL 55
(rmul ti plosri B tdow\iass 3Bi Lseus&d, and guzdsebtanhed|bedutlra@insmiitrier he8) .
The respective constituent elenments included in the DSP 50 are descri bed
bel ow. (fljechmidy usie dVeasiHmer et ity S producethe anplitude

measur enent section 51 perforns anplitude calculation. In the anplitude
cal cul ation, ampectial aspIeagtdy £fran HESRRANGE 1hhEHUBALYe W £411tS Fdtal ned

by a FFT is used as an anplitude value for internal conputation of the
anpl i t UG, MRASY MBS Ymet@A IR o 2 ABR:1PFIRS S FCRIneupal i @ Section 52
In FIG. 2, a drive circuit 40 includes an OP amplifier 41,
an A/D converter 42, a D/A converter 43, and an analog switch 44.
When a pair of flow tubes included in a measurement tube are
opposed to each other and an electromagnetic 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 from a structure in which the analog switch 44
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/oravibration frequency proportional
toCoriolis 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



The zero-cross cal culation section 52 neasures the nunber of changes per
unit tinme of a sign bit of input data (sinot) output fromthe Al D converter
42, indicating the phase difference 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. The zero-cross
cal cul atPBAC88ePF 0hDBP) seds a neasured val ue as zero-cross data to the
phase-controlled transmtter 58. (3) Drive Waveform Generation Section 53,
The drive wavefle ndgehez ht$ oonskgiioreSSodet BSMi re® i phasie: rafp < qut
wavef orm based on phase data 6 output fromthe phase-controlled transmtter
58. The shr¢wef waved odigpentrad gronl Secdcods bidg al so det ernmi nes an anplitude
of the output waveform based on anplitude data XmAG output fromthe

anpl i tude neasusenenin saekiral1¥: rddaire td¥e tdei yep Wav eEogd geNsL At i of ¢
section 53 generates the output waveform output therefrom (4) Frequency

Conput i ngsBeat i8R 19%es an amﬁbftﬁcﬁ@%@ikq}’réf@mugbegléﬁcfﬁprh %%r%a—lc%lgs%t es

the vibration frequency proportional to the Coriolis force

et oot pediedha SeAdARANG) ¢ P HeRL lnaBnnd Adic BB L A343,0 At put

fromthe phase-controlled transmtter
afrequencycomputlngsection54,andaPLLSS(multiplierSG,low-pass

filter 57, and phase-controlled transmitter 58).

The respective constituent elements included in the DSP 50
are described below.

(1) Amplitude Measurement Section 51

The amplitude measurement section 51 performs amplitude
calculation. 1In the amplitude calculation, a spectral strength at
aresonancefrequencywhichisobtainedbyaFFTisusedasanamplitude
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
thevibrationfrequencyproportionaltotheCoriolisforcegenerated
onthepairofflowtubeswhichare/isdetectedbytheelectromagnetic
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

14



In the nmultiplier 56, the input data (sina) obtained by converting, into a
digital signal, by the AID converter 42, a signal obtained by anplifying,
by the O°P anplifier 41, the phase difference and/or the vibration frequency
proportional to the Coriolis force generated on the pair of flow tubes,
which are/is detected by the el ectromagnetic pick-off in the case where the
flow tubes are alternately driven in the rotating direction, is conpared in

phase wi thramsolt{at 54 gnal cos6 out put fromthe phase-controll ed
transmtter 58, and a difference signal and a sumsignal are output to the

| ow-pass filter(H7.priR) ass Filter 57 ~ The |l owpass filter 57
is acircuit for extﬁéctﬁ#i?%ﬁ%ﬁ%a§%Qﬁﬁ%L}PPe§§§ﬁé9nsﬁénal from the out put
|ier 56 through a frequency filter.

si gnal s out put ot | 1]
T QHPS Vggv%hgﬁrprﬁﬁ{@ﬁaqlso%ﬁ?ﬁéépedﬂ raznd e e pupnhgkgnal s

Therefore, only a erenc
lier 56. (7) Phase-Controlled Transmtter 58

tput f L
out pu Uynéﬁeopﬁégkngﬁgﬁqﬁﬂybqﬁp%eﬂgrgmagaidammaseodﬁb@t5fgmﬁhﬁhe

The phase-contro
out put rm based.on the zero-cross data (go) output fromthe
ggxggg gbgﬁregé?g-éfé§§méétémléBLonTBeCdeme5ﬂ3veform generation

zer o-cross sectl

section 53 also determines an amplitude of the output waveform based
on amplitude data Xyag output from the amplitude measurement section
51. Then, the drive waveform generation section 53 generates the
output waveform output therefrom.

(4) Frequency Computing Section 54

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, into a digital signal, by the A/D converter 42, a signal
obtained by amplifying, by the OP amplifier 41, the pPhase difference
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 cosd 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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The phase-controlled transmtter 58 outputs the output signal cos5 to the
multiplier 56. The multiplier 56 conpares the phase of the input data
(sing) obtained as the digital signal by conversion by the A/D converter 42
wi th the phase of the output signal cos5 and outputs the difference signal
and the sumsignal to the lowpass filter 57. The | ow pass filter 57
perfornms filtering to output only the difference conponent. The
phase-control | ¢6) ttanmskats eFi 58 catul ates the phase data 5 so that out put
data Vn of the difference conmponent beconmes 0, and then outputs the

cal cul ated phasige dadw-HSad® tiecdhive waveformgaenaat it r$eeling vl y a
The drive wavef orngenerati on section 53 generates the waveform baseg on the

phase dafgwérogtfhehdPnsihea PhASEnCOALT BLkpdt! %@?ﬁﬂ&t 8hLrp8rard QUL S
t he generated waveform as output data (XAnpsiny) fo the DJA converter 43.

Next , aﬁﬂy&ﬁgfpmk{p&%f?r tﬂee#{%aeg[{()#}a![%izli%}%eprocessor (DSP) 50 is

descri bed. nan initial sta circuit 40, the pair of
fl ow tubes whi Ale p § : tr%er nd incl.uded.in th asur ement
tube are not alter na?rgelo’y%?ﬁ' véé(rzlhgf?etqﬁglce 88@?%%%@@&% nggéF%thgfém the
Therefore, the pair of flow.tubes % not vibrate. _Accordingly, the input
signal iUHRRT i Attt 1D THE B %ﬁﬂ i c}}eerm%itlé%hteﬁeS rive circuit 40 and the
out put si gnal h?? ng{q output framthe OP anplifier 41 of the drive circuit
40, and hence the %‘Cgﬁ’ttﬁﬂllﬁdgﬁé?aqsé“%teroé@put fromthe anplifier 45.
Wien the input_signal which is output fromthe OP anplifier 41 and input
to the Al D corh& PBRS22CPRtpOl At Ralnit«y) S8tdrneya e vEhenrhaia pata
anplifier 45 is switched by the analog switch 44 illustrated in FIG 2 and
connect iR $heaaetpptt vave foremibaad sirgridle whirehckessudpta fadmoulieudP
anplifier 41 and input to the A/D converter 42 is directly input to the
anpl i fi drrob thiEheeebocepssheechpat $tgnatcirsssutagiutulas: itdre seuttdun Segnal
fromthe anplifier 45, to thereby apply an initial vibration to a drive
coil. The phase-controlled transmitter 58 outputs the output signal

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 & so that output data Vn of the difference

component beccmes 0, and then outputs the calculated phase data

d to the drive waveform generation section 53.

Thedrivewaveformgenerationsection 53 generatesthewaveform
basedon thephasedata d output fromthe phase-controlledtransmitter
58 and outputs the generated waveform as output data (Xapsiny) to

the D/A converter 43.

Next, a drive start method for the digital signal processor
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After an anplitude value of the input signal which is output fromthe OP
anplifier 41 and input to the AID converter 42 increases to a certain

| evel, the analog switch 44 is returned to an original state. Therefore,

t he connection state in which the input signal which is output fromthe OP
anplifier 41 and input to the A/D converter 42 is directly input to the
anplifier 45 returns to the normal connection drive state. Next, .

cal cul at i(l@APrebRods flesctrhberdespecti ve constituent elenents included in
the DSP 50 are described. (1) Anplitude Measurenment Section The

phase differente andndrtithesvabeaii ahef deguencirdariapent i tidlpatie bher] oy
Coriolis force generated on the pair of flow tubes in the case where the

flom1tubeaba&&ﬁxd&%ﬁéb@ﬁbé&dN@@abﬁdﬁﬁéf@héﬂd&ld@éﬁ$ﬁtﬁ@ﬁ%é%df%ﬁ%ﬁ@Cted
by the el ectromagnetic pick-off, anplified by the OP anplifier 41, and

convert edubBtord B%tdégté%aﬂéi#%ﬁXIeEhﬁ AR %Q@E‘Err&ﬁé ﬁgtgg ooéjélallrl]écﬂe

i nput data (sina) . | he anplitude ne surerrent sect I
R e R S S L
2 ghoner SRSGE il 1;@%099%11% t%“%he% EXBh $25L oM %% uleEéEESé%Pr%ull]t X
40 and the output signal is not output from the OP amplifier 41
of the drive circuit 40, and hence the drive output signal is not
output from the amplifier 45.

When the input signal which is output from the OP amplifier
41 and input to the A/D converter 42 is 0 (amplitude 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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In the anplitude cal cul ati on of the anplitude nmeasurenment section 51, the
fast Fourier transform (FFT) is used to calculate the spectral strength at
t he resonance frequency, and the spectral strength is used as the anplitude
val ue XmAG for the internal calculation of the anplitude neasurenent
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 i neldgecasei WBi®d hen fdiw gdbesy ale aldeimalel.y driven in the
rotating direction are/is detected by the el ectronmagnetic pick-off,

anplified by the Ganlidd MebhraRdhcarvarited into the digital value by
the A/D converter 4Z to obtain the input data (sina) signal. In the

zer o-cross meagiy e 00 S2ncd NPT Bl CHARGES ! e 0,5 sce of

. . se®
t he S|gn bit of th nput ata S|gnal i's”/count ed. an appro |nat

val ue of Ut req n of. the naI output fromthe A/.D ¢ rter 42
i s obtaifi %F ﬁﬁ%& ue o?ﬁalneéo%y t e zer%ecrg%ée%égédggﬂéﬁP' gﬁ 52 is

sent to the has controII d tr ter 58 as the phase 0) which is

ol cul AP HROR T PRES, kRS rE BEE Hhv hrkeaout 2 %34)drlvenwﬁe
zer o-Cross neasurenent time is not |imted to 0.5 sec and may be, for
exanpl e, tNE sEQRTaER)I MILERBEiER s&e/is detgrEeshRe Hhef @#@ﬁééogfﬁapéﬁlf:he
vi bration frequency proportional to the Coriolis force generated on the
pair of FiGwa e§mPEltfﬁédc%kéet%@lPeamhélﬂ@w 4lubesdasenae ¥ eedadloy thei ven
in the rotating direction are/is detected by the el ectromagnetic pick-off,
anpl i fi eddoyEalhea Dre hypthd AP nvente rdhvereete imtbetimpudi datal(svabie by
the A/D converter 42 to obtain the input data (sina) signal. In the

mul ti pliler 86 ocdmphietRlie Hbastihemenputedatiansignala i seall topbordnby ahhe
out put waveform of the output signal output fromthe phase-controlled

t ransmi titeigisdiry compondihieb fidre OupPttask diecphaskaconbrel Fee: Fhansaitter

is denoted by cos5 , the conputation (sina.cos5) of the nultiplier 56 is
expr essedaas ffodhd OMWBT) and the amplitude value Xuag is obtained from a power
spectrum of the input signal by Expression (1).
[Expression 1]
Xy sVREAIME e, )

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 Xwae 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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[ ExXpression 2] sin a- cos 6= 1(sin(a + 6)+ sin(a -8)) 2 (4) Low Pass
Filter 57 Next, in the lowpass filter 57, the output data out put
fromthe nmultiplier 56 is filtered by a | owpass filter of the | ow pass
filter 57 to extract only the | ow frequency conponent. Wien 1/2 which is
the coefficient of Expression (2) is omtted based on the assunption that
the high-frequency conponent in Expression (2) is conpletely renoved by the
| ow- passiifdilttadr vaihe bout patr Alhconoer tére 420w poseihi theinpitidadd 69ipeass
filter 57 is as follows. [Expression 3] Vn= sin(a - (3) When
"(a-6)" digrEdpr e$si bhe (33 roscasssnmech aisremsnif fsaitanmtd p2snihke vainber ofie
output Vn fromthe |owpass filter of the |lowpass filter 57 nay be
appr oxi rafelge £xaressed .as sked lowshed Biphesditopfdkhe input data signal
is counted. Then, an approximate value of the input frequency of
the signal output from the A/D converter 42 is obtained. The value
obtained by the zero-cross measurement section 52 is sent to the
phase-controlled transmitter 58 as the phase (ag) whichis calculated
based on the zero-cross data and used as a base.
The zero-cross measurement time is not limited to 0.5 sec and
may be, for example, 1 sec.
(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
digital value by the A/D converter 42 to obtain the input data (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
by cosd, the computation (sino-cosd) of themultiplier 56 isexpressed

as follows.

[Expression 2]
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Vn=a- 8( 4) Theref ore, when the out put waveform cos5 of the out put
signal output fromthe phase-controlled transmtter 58 is controlled to
repeat the conputation, the output Vn becones VnP--C). The phase data 6 of
t he fundanental output waveformwhich is a result obtained by conputation
by the phase-controlled transmtter 58 is finally as follows. [Expression

5] 8=a (5) When the conputation as descri bed above is perforned,
the phase 5 of the output signal having the same phase as the input signal
phase a sty -bes&al-clsindtred)) {Bi(cPhape- Controlled - Transmitter. 58(2) I n

t he phase-control l%2d transnitter 58, when the transmi ssion frequency is
changed based on the output signal Vin output fromthe | ow pass filter 57,

t he i nput frequenawwrhdheigutqautsfrequency of the phase-controlled
transmtter beconme the same phase as descri bed above because of the

Bpr ossi 0n (3)  Fowtvar tmder 5 Conar T o 1 W CR hase ChRtre] & ot
Tl ohi gAML Be et Gvad o S e ol Seor it oF e hAtEC B BEss

i gnal VA astpot Pt RaT oRlpYs e FOur FESEet OF Gl apdle TRase
bascd ol TRE RESCRT Rt e by ShelbRPRRBAC o) A N DEF BEeH Qe b ASuF bRent

£ ansm PRSPEL 00 BPAF o BAgk ke R BUEBIPOPBSa! 11 GPAHRE S 0 fdds el | ter

57 as described _ in Expression (6) . _
completely removed by the low-pass filter, the output Vn from the

low-pass filter of the low-pass filter 57 is as follows.

[Expression 3]

Vn=sin(a—0) e e (3)

When " (a-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=a—8 e e 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
d 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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In the drive waveform generation section 53, when the phase data 5 out put
fromthe phase-controlled transmtter 58 is generated, the phase data 5 is
calculated as follows. [Expression 6] = oto +Vn (6) A

transm ssion waveformis generated by applying a sine function based on the
phase data 6 obtai ned from Expression (6) andshiftedbyn/2.

Ther ef or e, t heout put front hephase-controlled transmtter 58 may be obt ai ned
as follows. [ Ehpiresist 0mphtstNEs ab ded@)ibed€8B08e is(pbnformed, tHAphaukput

cos6 obtained fromExpression (7) is input to the nmultiplier described
above. (B DrheeoapatosiyaNerali g SestiHfe Fphase as the input signal
phase o may be calculated.

(5) Phase-Controlled Transmitter 58

In the phase-controlled transmitter 58, when the transmission
frequency is changed based on the output signal Vin output from
the low-pass filter 57, the input frequency and the output frequency
of the phase-controlled transmitter become the same phase as
described above because of the condition of Expression (4) which
is the approximate expression from Expression (3). However, under
a condition in which phase control is not established, for example,
inaninitial control state inwhich phasematching cannot 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 V,.;=0, a base phase control
transmission output is calculated from the phase o 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 o output from the phase-controlled transmitter 58 is generated,
the phase data & is calculated as follows.

[Expression 6]

5:a0+Vn ......................... (6)
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The phase information 6 output fromthe phase-controlled transmtter 58 and
the anplitude value Xnw of the output signal output fromthe drive waveform
generation section 53 are generated as a function of the output data XmAG
fromthe anplitude neasurenent section 51 as follows. [Expression 8]
XAnmp=FX( XmAG) (6) Simlarly, a phase y of the output signal output
fromthe drive waveform generation section 53 nmay be expressed as a
function of 6 Mbtaknedibyi&xpwassifenm( s Jdxprassd oy Ypdlyif@(8) sidd)
Therefore, the drive signal y output fromthe drive waveform generation
section B3ntsicppess@oasthol pionse dEPresshoiddyd Pdh FxprEson (6)
and shiftedbyn/2. Therefore, the cutput fromthe phase-controlled
transmitter 58 may be obtained as follows.
[Expression 7]
sin(5+7[/2)=cos5 ......................... (7)
The output cosd obtained from Expression (7) is input to the
multiplier described above.
(6) Drive Waveform Generation Section 53
The phase information & output from the phase-controlled
transmitter 58 and the amplitude value Xawp Of the output signal
output from the drive waveform generation section 53 are generated
as a function of the output data Xyag from the amplitude measurement
section 51 as follows.
[Expression 8]
XAMPzFx(XMAG) ......................... (8)
Similarly, a phase y of the output signal output from the drive
waveform generation section 53 may be expressed as a function of
O obtained by Expression (9).
[Expression 9]
}/=Fa(§) ......................... (9)
Therefore, the drive signal y output from the drive waveform
generation section 53 is expressed as follows.

[Expression 10]

XAMP.Sin}/ ......................... (10)
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Note that Fx and Fa indicate a function for generating the anplitude of the
out put waveform and a function for generating the phase thereof,

respectively. The function Fx of Expression (8) and the function Fa
of Expression (9) are changed depending on a diameter or type of a Coriolis
det ector. For exanple, when a drive waveformis generated, in which

a target anplitude value of an input waveformis "Z " and a phase thereof
is shifted by Not(er adlpt FlkeahdnEhi bndFxaoé Exfrressicn fo8) géﬂérhh@nbuﬁﬁél on

Fa of Expression (9) are as follows. [Expression 11] Fx = Z - mAG , Fa =
+  (11)an(p)i ferdequehahComptit@raSeddra) 5hd a fTh@t@baseo@Iag@n@rQElhBe
out put signal output fromthe phase-controlled transmtter

expr essethapHaald amerddipresyeen 1321 ,~2. gft - (12)

The function Fx of Expression (8) and the function Fa of
Expression (9) are changed depending on a diameter or type of a
Coriolis detector.

For example, when a drive waveform is generated, in which a
target amplitude value of an input waveformis "2" 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=Z-X,,., Fa=6+r = oottt (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]

S =2--Ft e e e e e (12)
where m: pi

f: drive frequency

t: sampling rate

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

[Expression 13]
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where n: pi f: drive frequency t: sanpling rate Thus, when the phase
data 6 of the output signal output fromthephase-controlledtransmtter 58
illustrated in FIG 3 is divided by 2n t , the frequency "f" naybe

obtai ned as described in Expression (13). [Expression 13] f - 2. rc-t

When the value of the frequency "f" obtained from Expression (13) is used
as the drive frequency, sensor tube resonance vibration driving which has
hi gh responses is very stable, and has high Q may be provided.

f=

2-r-t

When the value of the frequency "f" obtained from Expression
(13) is used as the drive frequency, sensor tube resonance vibration
driving which has high response, is very stable, and has high 0
may be provided.

Next,synchronousfeedbackandfrequencycomputingprocessing
of the DSP 50 are described with reference toa flowchart illustrated
in FIG. 4.

In FIG. 4, in Step 100, 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 (8¢,=0 and Vg=0).

InStep 101, thedataoutput fromtheA/Dconverter42 iscaptured
and the initial phase oy 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 (8,=0 and Vy=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 o 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 oy are captured
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Next, synchronous feedback and frequency conputing processing of the DSP 50
are described with reference to a flowhart illustrated in FIG 4.

In FIG 4, in Step 100, initial settings of the phase data 5 output from

t he phase-controlled transmtter 58 of the PLL 55 and the output signal Vn
output fromthe lowpass filter 57 of the PLL 55 are perfornmed (50=0 and
V0=0) . In Step 101, the data output frontheA/ Dconverter 42 is

capt ur edimAtepRé L, nint $atp phas @haB < da todput golasrdh e hbate sky cohe rearnedr 0ss
measur enent section 52 based on the value of the captured data fromthe A/D
convert efra@@smitter SAfierobtwinad thaltisetd Ngsvik=dnpnd a¥es0) are
performed in Step 100, in Step 101, the input data (sina) which is
anplified by thestR+agplrjfier 41 and converted into the digital value by
the AID converter 42 is captured to the multiplier 56 of the PLL 55, and

the phasg gk anabheutputi £1 gAkkBeyZeEQ- H{ 0S5 SeGt i
captured to th(ra1 phase-colntrgl | ed tofansnﬁter lggégﬁ%ﬁg@tlgﬁﬁ gg.%gﬁats%e

i nput d in a d ar u -
i nSt eplgilﬁélg'eg)ligflgh%%gcdlg{g%% Itog%gﬁtg ?yrﬁht%%%ﬁtaesé-sg %Fr%llqneaal tvr 8H§‘ Rttt er

58 is oht 'npetq]ebylg“h_%gsog |%Vf't%gc %qn%tg tine?r%L?%i;n-i +ao+Vn-i based on the

initial phase ao, an‘initi set value t'He phase data 6, and an
initial set vzwlhlée V, he nal_V_out put m t he | ow pass

-1 of  t 0 tpg1i1 Si fr
filter 57 of thenPL%leSS.{lase da%ﬁ\h t‘?r‘rgc%s%r%t*éhﬁ BBESGFCPPBHP#H@
phase-cqntroll, transmtter 58 i s, conmputed in Step 102, in Step 103, the
phase o%%“ﬁ& %gl éﬁa‘FOIEB‘éB/?W%rﬁ?eéD dPCputnf P %Pt#]@rpﬁé’seepg@mer okl ed
transmtter 58 to the nultiplier 56 is conputed based on the initial phase
ao, the S8 PPEPUSef10BRLeCHSd wh chhéSphakRUEatzem thenghere-Fantral ledt
value V/1-1 of the output signal V output fromthe |low pass filter 57 of
t he PLL !3BnSTHE teanplittedtbatputt igilgread SedsYspspntbdibsisestioas Heol howdahy t he
i nput data sing which has converted into the digital value by the A/D
convert @has2 to, obtai intheabusputvaiynal,-Vioff rdra tpthe slkowtspass, f bhtieths7.
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=sino,xcosd,
When theoutput signal Vn fromthe low-pass filter 57 is obtained
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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Vn=si naf | xcos6n When the output signalVn fronthe | ow pass filter 57
is obtained in Step 103, in Step 104, the output signal Vn which is
actually output fromthe |owpass filter 57 through a | ow pass filter is
obt ai ned. That is, inthe lowpass filter 57, the output data out put
fromthe nmultiplier 56 is filtered through the | owpass filter to extract
only the | ow frequency conponent as the output signal Vn output fromthe
Al D converter W2n the outphensidea butrpuhishghal aduanhi ¢hutpuactuail yheut put
fromthe lowpass filter 57 through the lowpass filter is obtained in Step
104, in 1Svepabe5filtequeNahreamputati Dowsa erdiarmedi bageadch ored ha yakye 6,
for phase conparison conputation. That is, in Step 105, the phase
data 5 Quiputnfseapthes phasenonty ebkedchiansm &tes, B8 & @Ja%'e@eenbyhén t

by the frequency conputing section 54 to obtain the frequency
fol | ows valize( ¥)- 8r 2nk20 comdlLEShor Comyben: 18e, T equency "F is comput ed

based on the value ori for phase conparison conputatlon very hi gh-speed

comput at | on gy abe aehi By ediep, 105, MR theIrequency comutation 1.

perforned base onparison conp tat i on

105, | t ud | f, t
frequgzgy coﬁ%g Fﬁg sectll?ﬁééééf.gﬁé 17 8 aé%?% Ia1|%£¥%?'€ﬂ%q¥?%ﬁﬁency
"F' is co

com u%lng section 54 to obtain the frequency "F" as follows.

F=(3n-0p-1) /20t
Therefore, when the frequency "F" is computed based on the value
o, for phase comparison computation, very high-speed computation
may be achieved.

When the frequency computation is performed based on the value
On for phase comparison computation in Step 105, in Step 106, an
amplitude value Xwag 0f a signal input to the frequency computing
section54atthetimeofcalculationofthefrequency"F"iscomputed.

That is, the amplitude value Xy of the input signal at the
timeofcalculathn1ofthefrequency'ﬁﬂ'iscomputedbythefrequency
computing section 54, and hence whether or not period matching is
accurately achieved may be determined based on the amplitude value
Xuac Of the input signal.

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

Whentheamplitudevaluexmmofthesignalinputtothefrequency
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That is, the anplitude value XmAG of the input signal at the tine of
cal cul ation of the frequency "F" is conputed by the frequency conputing
section 54, and hence whether or not period matching is accurately achi eved
may be determ ned based on the anplitude val ue XmAG of the input signal.
The anplitude val ue XmAG of the input signal at the tine of cal culation of
the frequency "F" is conputed using a fast Fierier transform (FFT) .
However, @wgmutimenskbeionpsl Yavehoriiis JU Ag: [ age e same eff ect
may be obtained. Wien the anplitude val ue XmA 8?%$ﬁ§%s§5n%$eifﬁﬁﬁu?%FYhe
frequency' F" ¢onptipiige$86t £eRL5fA At i 0 al cul ation o he

in S 6}1}&@}55 S Ee%urn;&chss%[eé; %Pip 1en when

frequency "F" is conmputed in Step 106, processing re

conput at iceaputhembatep- 0 p ar epeat ed, nore accurate and
hi gh- speed ?requency conpﬁ?%%igﬁ%HﬁégggpéER?éggﬁFepeated'UHOFﬁé“§Vh%m¢®nous

f eedback ;apdyt EEQ Ln rocessi ng of the DSP 50, when | oop
calculat?og P%?Hngﬁﬁgénggggg%gcgeg%%?%ﬁaE%g?IW%&t?%ﬂ%ﬁP%?ﬁqq{a 4, the
When the drive

frequency (pha Qnverges to fhe_ input frequency.
frequency is n%?kpoc éﬁﬁ&gq&us Ristk 2o fErgEenBY £ ompagden@r cdidssdrent

fron1the0%n ut @%§qﬂfn§éf a_result obtained by anplitude val ue cal cul ation
is very smalt. eret o e TWHECRe FR4FURBE LoRel phavel et anked maye e ted

determ ned based on the result obtained by anplitude val ue cal cul ati on.
Next , dr?%el@d’rﬁtrl%ﬁteﬁ ddedditng 4 stesErebednait hohaser ennerdyes fdowpghart

illustrated in FIG 5.
input frequency.

When the drive freguency is not locked to or does not converge
1x>afrequencydifferentfrmntheinputfrequency,aresultobtained
by amplitude value calculation is very small. Therefore, whether
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 (5,=0 and Vo=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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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 5 output fromthe phase-controlled transmtter 58 of the PLL 55 and

t he out put signal Vn output fromthe | owpass filter 57 of the PLL 55 are
perfornmed (60=0 and V0=0). After the initialization is performed in
Step 200, in Step 201, the input data (sina) which has converted into the
digital val ue B2t ie,ArDE cdaas teif f42ensei aipiifot ¢chieheilangt i ¢ de empasidyement
section 51 of the DSP 50 to conpute the percentage of the anplitude val ue
wi t h respeeporoienaharo dfhe t®rAldd icomverkeyed@rated on the Thalr ick fikey
phase difference and/or the vibration frequency proportional to the

Cori ol i sthioeseigenes aled ahctrbetpai F1of Loy tabesslde il Casrukene ithe
flow tubes are alternately driven in the rotating direction are/is detected

by the etiest rogRgIRY| 6ipbekiohl aMmld fdddkded Nsy Pramhidit@bmdineand
converted into the digital value by the A/D converter 42 to obtai'n the

i nput  dag ack-<d#18) ambh ileheqanp! d {d1de Qﬁg???ﬁgﬁﬁlﬁ%& iQQnéértéﬁ'eirﬁfoaltg& by a

conponent and the inmagi nary conponent e input data are calculat

fast Fougiers i+ f Ok t j . t.,r um.of,_t he i.nput

o anal W OR T S aonar S PP R G b S RS Diabh e ey a2
In Step i t. data (sina) which .has .conyerted into the digital

val ue byﬂ?#ehetA/@%lﬂcloq%\lﬁléjr g}eadc‘(élrieénel)rﬁpﬁe#&%é amplict &8 InESERPEREHt 28t i on
51 of tqten DSP _50 to conpute tge ercentage of the anplitude val ue XmAG of
the input daf"89¢8PRY) CHP ARTR &fgtthteolflﬁgts%%ﬁ? G el APEREBAVRY ttefags.

When thiqper,cent age of the arrgl i tude value XmAG of the input data (sina)
whi ch | §3PRECAMp(FEGdet trefipidhdhe BeVErofPSat Hem (He thSPiBOUW t h
respect to the span of the A/D converter 42 is conputed in Step 201, in

St ep 2051906t Ktk Chi sreantewnt ¢ insattdyeddsitad vaiple byddei eoXmaGtet t he
i nput data (sina) with respect to the span of the A/D converter 42 is equal
to or | d&Zger than 90%is determ ned. When it is determned in Step
202 that the percentage of the anplitude value Xyl AG of the input data
(sina) which iIs Bhept2@D, titee iagpit Hade measwy enenth send iconveltel theoDSP
50 with respect to the span of the A/D converter 42 is equal to or |arger
than 90%hel aidtepl 283,ud bg aNPlA tndenvalrte Xp® it pgtitf f @HN8mPN i ¥8de

wavef orm generation section 53 is set to O.
measurement section 51 of the DSP 50 to compute the percentage of
the amplitude value Xyys of the input data (sina) with respect to
the span of the A/D converter 42.

When the percentage of the amplitude value Xuag 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 Xuac 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 Xuag 0f the input data (sino) which is input to the
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That is, the drive waveform generation section 53 determ nes the anplitude
of the output signal (Xnesiny) based on the anplitude value Xnmminput from
t he anplitude nmeasurenent section 51 and generates the output signal
(Xmesiny) which is output fromthe drive waveform generation section 53.
When it is determned in Step 202 that the percentage of the anplitude

val ue XmAG of the input data (sina) which is input to the anplitude

measur emempl sectié are & odmdrite sBSPibA $i td¥ respest 3Mwike spapeof dherdl D
converter 42 is equal to or larger than 90% and when the anplitude val ue

XAmp out ppanfsomthden dn i yenvewmedoram genesatd o sent IgkR3 ithasebok0 QN
Step 203, processing proceeds to Step 201. Wien it is determned in

St ep 204s£%%t2(§§1,e RS GeagR Rl vhhgeaRpll budsuvak ey @H%qufivteh@fabt@g&es&fgggt 2

(sina) whi is input to the anplitude neasurenment section 51 o

Wi th res(%&gérgpiérp&é@@% fc 4 he, Al ugcq{;vdarter 42 is equal to or larger than

10% in Step 205, e anplitude va me output fromthe drive waveform
generation sect .53 | t.erm ned_by conput at.i on _based t.he anplitude
val ue XmAG of Cltmag@%%buég%%\%elsfgr"r’ﬁ %F%é}‘ %ﬁrﬁTrFec%a as égﬁgé??g{? fjﬁESr{‘TlRE‘es

di gital val ue t he converter 42. That is, e drjve waveform

gener at i G ?8@?%8}1&%3‘%2&&%%@: W%E?Wﬁﬁ%\’ Pbat BUtHIR 2BPdh5mde

( Xnpsi ny‘) based on.the anplitude val ue ) (NAG of the input waveform (sina)
whi ch ha@dtnvars ed™ PRt o IERB NG PP MdURS Blea Hr sy tcorReriet 22 and

i nput fromthe anEI i tude neasurenent section 51, and generates the output
si gnal (GRARFGLRP the output signal (Xaesiny) which is output from the drive

waveform generation section 53.

When it is determined in Step 202 that the percentage of the
amplitude value Xw 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 90% and
when the amplitude value Xappoutput fromthe drive waveformgeneration
section 53 is 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 Xuag 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 Xawp output from the drive waveform
generation section 53 is determined by computation based on the
amplitude value Xyac 0f the input waveform (sino) 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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which is output fromthe drive waveform generation section 53. Wen it is
determned in Step 204 that the percentage of the anplitude val ue XmAG of
the input data (sina) which is input to the anplitude 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 value )(Amp output fronthe
drive wavef orm generation section 53 is conputed based on the anplitude
val ue XmiGeokmphetidputft waeefurnmmt sigahlwialsias baseardredhindngp i heude
digital value by the AID converter 42 in Step 205, processing proceeds to

Step 201value X bff aHdi ihpar whesrbkmi $sdR&PrwhieH has E&Pr206:d hate d he
percentage of the anplitude value Xvim of the input data (sina) which is

i nput t o thieed ayild 1t UeBuERISLHERR Bl 3RGLIQT 51 20k ﬂﬂtﬁl@%oét%h\éﬁéﬂbfﬁ%gg&t i
p

the span of the AID converter 42 is equal to or larger than 5% 1n

207, th i i B a
L hengaBLibidRcvaloRidL AP GHELPULRLERRLNG LhiegabaNel oL n Genaratlon

section 53 is set to a maximum valu
generati gp;sgct Log §§ deternipes Lh %(n%Aég o% t he out put_ si.gnal
( XApsi nyg1 Ease%i on the arrpllq]i ?ude&vgY%Q‘P 5 |§nr11p ?n?rr%tn%?xﬁesea% T e
nmeasurenent segfion .51 and, generates the o ut. sjgnal 9\%X ol psi ny%j%v\,hich IS
out put from't heﬁ%f?inlvte lv?/a@% PR geheraeisR gégt?%ﬁt %g’.e & ePEaﬁé %% ned
in Step 206 %\ga% th ercentage of, the anplitude val ue XFI AG of the input
dat a (Si ABS BRICR TSI TG Pb tHe HIRNG CGA8 HBAB%! SRBI® S6ctRBRCS10 oI he
DSP 50 with respect to the span of the AID converter 42 is equal to or
| ar ger t AR 504 AR PSRV FI tafECEEQBe® Y R L&D RAB DUt respechet@rtihae
wavef orm generation section 53 is set to the maxi numvalue in Step 207 ,
processi PP probces AP Stapveer 42 is qquast e 208, lastgar tihenahdly tarde
val ue XG of the input waveform (sina) which is converted into the digital
val ue bywheérthepmpddivedesra Uk X g soaplit firtoni shelét evaivaed fohatyeneration
synchroni zation is not achieved. Then, the analog switch 44 of the drive
circuit ctsoshit chenfoort eacha vyad icont hecogsisi thgde value Xuag of the input
waveform (sina) which 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 Xuag 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 5%, in Step 207, the amplitude value Xap output 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 (XawesSiny) based on the amplitude
value Xuac input from the amplitude measurement section 51 and
generates the output signal (Xawsiny) 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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In this way, when the percentage of the anplitude width of the input
waveform (sina) which is converted into the digital value by the AID
converter 42 and is input to the DSP 50 with respect to the span of the AID
converter 42 is equal to or larger than 90% it is likely to saturate the

i nput, and hence the anplitude value of the drive output is reduced. \Wen a
| evel of the input anplitude is smaller than 10% and equal to or |arger

t han 5%anhiel tugs velde Mindtdit dhet hepdti dat @utgiuta)i shiicbr easiethutWaenthbe
value is further smaller (when |evel of input anplitude is smaller than
5%, it dmpldeteiarmaedurbatnBosstgiwh 31S oif NPhié ,DSFNG Ot WeHh atddpstid 8B the
processing i s perforned. In FIG 5, the anplitude determ nation for

the anpligaidefvahse i cpakberardi Dased 08190900 10%rgaRde R3h ,5PUhAl fhéni S 2
specific exanple . The determ nation condition is suitably selected

dependi rigueoambmﬁtuaxswmét&gg%&%&ﬂ?r&ﬁqyﬁé efl- .GRNG-Li20 m %enerat%%ﬁh

respect to the calculation of the anplitude value of the e outp

si gnal whigh JrSsPuL R .dri v geper.at | eCt | 53, _a
di fference betnween t%té %%?}gée%ng\%é B}en sl\e,‘\%ae glrésfﬁe and ﬁ%&%rr%ﬁﬁ%‘%c%%?ﬁe of
the i npt,}to %q\égf 9pm is obtained and the drive waveformis cal culated based
on the difference. "The drive output is controlled so that the anplitude

val ue of the Lnput form becones the target val ue , When t he
synchroni zat i gﬁ%egmﬁégf SRRTRERS SPRLHNICS Wit U dmed e il g d nedcta BREC BBove,
t he frec]uenc Vgga,a%r,errent is unstable and the nmeasured anpljtude value is
subst ant isélnflé 11Ghn 8 €TSS ShI REC dRcet 591 el Hednedty bhe gy dreryemter

Next, a feature of the driving nmethod based on the control nethod according

to the Preseifmaldvehtiiendaharainedtthral svncheoniagténnyl sraasureneeedet hod

are described. <Feature of Driving Method> The nost distinctive

f eat ur eTBENY heh@lranalmy setihod 4écof dihegdird vehei presenO iimvent tonedsfdhat

phase synchroni zation capability is high and noi se resistance is high.
activation processing.

In this way, when the percentage of the amplitude width of
the input waveform (sinoa) 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.

In FIG. 5, the amplitude determination for the amplitude value
isperformedbasedon90%,10%,and5%,butthisjj;aspecificexample.

The determination condition is suitably selected depending on the
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The entire control systemrelated to structures and functions is

i ncorporated into the inner portion of the DSP, and hence there is an
advant age that a very conpact structure nay be provided and the internal
paranmeters (Fx, Fa) of the DSP nay be changed to use various sensors.

<Feat ure of Frequency Measurenent> The feature of the frequency
measurenent nethod is that very high-speed cal cul ati on may be achi eved
because ProcHEYsTgaienh arg ineCoHvesi éRPdakdOoRds an i ncreased nunber of
program steps, for exanple, a Hlbert transform (90-shift conputation) or
TAN-1 cal cul atfidih reapede tel Fhemeakeilatidn Ré Hee sepdésudearceus 9thtgh
because of the use of the lowpass filter as al so described in the feature
of the dtiweguimtthedgnal whichAss despeut bedmabevs,;iws wave fosn gyseratidhe

cal cul ati on speed maybe significantly increased, and hence the feedback

| oop i1 s sHatays Syncarani Zeck e Hdveeompbkat & oge proghess@est Yhene) onrd t he
frequency neasurenent converges to the limt and is thus stable. For

exanpl et aapabthdé wafuel offseite Whigtit WaverbrenNy yoshontaradtdi@he drive
approximately 100 nmsec required for normal neasurenent may be obtai ned.

The contyzGle A 5 0PABYDEs b QidAld Y InePhESENE BflrerlbEl efPiedravat s@t QY for
drive diagnosis or self diagnosis is provided, and hence currently desired

cust omer; needs AAY Be ssathati ede Rb%iitﬁd@ $h90k  beaphe POABL Ofa¥d PYL-AN
produces a maxi mum advantage. CLAI
becomes the target value.

When the synchronization of the feedback system is not achieved
as described above, the frequency measurement is unstable and the
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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1.A Coriolis flowreter having a structure in which a pair of flow tubes
constituting neasurenent tubes are opposed to each other, an

el ectromagnetic oscillator is operated by a driving device to alternately
drive the flow tubes in a rotation direction, and an el ectronagnetic

pi ck-of f 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 tHé&ef Fearnupext &he (rpgacedy nersuraman: vptAPA i ves Feow rate
and/ or density of a fluid to be neasured, wherein: the driving device
conpri sésigh-speed calculatiam @Ryainsl iafchérevidr banplhiséypngcansanal eyichput

signal fromthe el ectromagnetic pick--off; an A/ D converter
for conder tinegnapnanakogngigislarouhpute alskadm tuise OB Anplddgidaar sicepe, ardirgi t al
signal ; and a DA converter for converting, after digita

pr ocessigi@gmpald, oraredi bye at ditdidnd £ s¥ingNad 0 P+ SELSS 0 onPSPY £ 06n | he rdimig2al
signal output fromthe A/D converter based on phase data generated therein,

a di gi t @z 19haR&li chavineg BePE PERSEEHdat 2n @Mt Jie0 raR i aRahed §L~9H§!I;h and
the digital signal processor (DSP) conprises: an anpflitude

measur epRiL; SeCLEohd Qfsecelfcﬂﬁéti&fg—féz%§‘"ﬂllﬂttelfd§so l%?%e%jﬂ@ed @Hu{:?%r om

the A/ D converter; ero-cross cal culation section r

neasuri g 3 fpurher of 8@?0@3@ R%Eh%git time of a sign bit of digital data

i nput from

As described above, with this system, the calculation speed
may be significantly increased, and hence the feedback loop is always
synchronized and the computation progresses. Therefore, 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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the AID converter, and outputting a nmeasured val ue as zero-cross data,;
a phase-locked |l oop (PLL) for generating the phase data based on the
zero-cross data and output data fromthe AID converter; and a
drive waveform generation section for generating an output waveform based
on the phase data output fromthe phase-locked | oop (PLL) and anplitude
data fromthe anplitude neasurenent section. 2. ACoriolis flowreter
according to claim1l1, wherein the arrgl i tude measurenent section conprises
means for calculating an anplitude v f\‘wsby determ ning a spectral strength
at a resonance frequency by fast Fourier transform (FFT) processing based
on the digital- si gdafobbPaihdd BYFAITT BaMVBFtT AGTHRE URpHE YSitGhad Hridm t he
el ectromagneti c pick-off. . 3. ACoriolis flowreter according to claim
1 or 2,00 FUHIes praséitockad MespurPRENtgERePat 25 PRIRISRD S rrECH or
driving a coil at a transm ssion frequency synchronized with an input
si gnal didsed oh dagtarmsrRsitar dsegubatyr Usyoprovield by adfFiegoemsyice
conmputing section for calculating the phase data and conmputing the
t r ansmitssiadrt frmetueene Y finemthke fpbaseudatalbas edoont 1dre diggdtalorsi gmal
obt ai ned by Al D-converting the input analog signal fromthe el ectromagnetic
pi ck- offn electromagrikt ik Qordlold 5f fdewmtiera atcoradidiaf flereaicad marld/&; =or 3,
wherein: the phase-locked | oop (PLL) conprises:
vibration frequency proportional to a Corioclis 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, wherein:
the 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 forconverting, afterdigital processing
performed by a digital signal processor (DSP) on the digital signal
output from the A/D converter based on phase data generated therein,
adigital signal having a processeddata amount intoan analog signal;
and
the digital signal processor (DSP) comprises:
an amplitude measurement section for calculating an
amplitude of the signal input from the A/D converter;

a zero-cross calculation section for measuring a number

of changes per unit time of a sign bit of digital data input from
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a nmultiplier; alowpass filter; and a phase-controlled transmtter;

the multiplier multiplies the digital signal output fromthe AID converter
with a digital output signal output fromthe phase-controlled transmtter
and then inputs a result of the nultiplication to the |ow pass filter so
that only a | owfrequency signal is extracted froman output signal from
the multiplier; and t he phase-controlled transmtter generates phase
data of a fundanental output waveform based on the %gio-cross data fromthe

zer o- criod® A AL P se AN DR U TROHFUEs 2aFREEE S0 VEhEE Bt PRECTRA T rom

the |l owpass filter becones 0, and generates and outputs a waveform based

on the %%%%Uted phase. 5. A Coriolis flowreter according to claiml
2, 3, or 4, wherein: t he drivin% devi ce conprises an anal og switch
for selectively swia BhpA§-beckedn ear dilputf T grarrepany Wye phaset tret op

anplifier for anplifying the analog signal input fromthe el ectromagnetic
pi ck- oftfa e cantbatzsuto sinpss dépatandBput pomddier DEANCHN ér'Degonverter; t he
analog switch is structured to switch between two signals, that is, the
out put mignal fromthe OP anplifier for anplifying

a drive waveform generation section for generating an
output waveform based on the phase data output from the phase-locked

loop (PLL) and amplitudedata fromthe amplitude measurement section.

2. A Coriolis flowmeter according to claim 1, wherein the
amplitude measurement section comprises means for calculating an
amplitude value by determining a spectral strength at a resonance
frequency by fast Fourier transform (FFT) processing based on the
digital signal obtained by A/D-converting the input signal from

the electromagnetic pick-off.

3. A Coriolis flowmeter according to claim 1 or 2, wherein
the phase-locked loop (PLL) generates a drive signal for driving
a coil at a transmission frequency synchronized with an input signal
basedona transmission frequency, by providinga frequency computing
section forcalculating the phase data and computing the transmission
frequency from the phase data based on the digital signal obtained
by A/D-converting the input analog signal from the electromagnetic

pick-off.
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t he anal og signal input fromthe el ectromagnetic pick-off and the outp

si gnal

anplified by an OP anplifier connected to an out put term nal

fromthe D/ A converter, and output one of the two signals to be

output as a drive output signal, and to switch a gain of the OP anplif
for drive output, which is connected to the output termnal; and

anal og switch switches the output signal fromthe OP anplifier for dri
output and the gain of the OP anplifier for drive output based on the
output from the anpl (GUFdE NEadurBMSHe 's §GGTH Y g &t itth 'o?r?t'plﬂr E'g
(path A) fromthe OP anplifier for drive output for activation processing
of a dMbharlitcuit.

the phase-locked loop (PLL) comprises:
a multiplier;
a low-pass filter; and
a phase-controlled transmitter;
the multiplier multiplies the digital signal output from the
A/D converter with a digital output signal output from the
phase-controlled transmitter and then inputs a result of the
multiplication to the low-pass filter so that only a low-frequency
signal is extracted 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 calculation 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. A Coriolis flowmeter according to claim 1, 2, 3, or 4,
wherein:

the driving device comprises an analog switch for selectively
switching between an output signal (path A) from the OP amplifier
for amplifying the analog signal input from the electromagnetic
pick-off and an output signal (path B) from the D/A converter;

the analog switch is structured to switch between two signals,

that is, the output signal from the OP amplifier for amplifying
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the analog signal input from the electromagnetic pick-off and the
output signal from the D/A converter, and output one of the two
signals to be amplified by an OP amplifier connected to an output
terminal thereof and output as a drive output signal, and to switch
a gain of the OP amplifier for drive output, which is connected
to the output terminal; and

the analog switch switches the output signal from the OP
amplifier for drive output and the gain of the OP amplifier for
drive output based on the data output from the amplitude measurement
section to select the output signal (path A) from the OP amplifier

for drive output for activation processing of a drive circuit.
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