DESCRI PTI ON TERTI ARY MODE OSCI LLATORY CORI QLI S
FLOWETER Technical field The present invention
relates to a tertiary node vibration type Coriolis
flowreter provided with at | east one flow tube.
Background Art In a Coriolis floweter, a tube through
which a fluid to be neasured flows is supported at
one end or both ends thebBSCRIPAAONviI bration is
applied to a portion of the tube around the

supporting point in a direction vertical to the
flomﬁngﬂ direction of the tube éhereinafter, a tube to
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tube). The Coriolis flowreter is a mass fl owreter,
which utilizes the fact that the Coriolis forces

] i 0 e flow tube when vibration is thus
Teéﬁﬁ%?%ﬁiﬁ*ﬁi@to, are proportional to a mass flow rate
The . Coriolis flowreter, g@'ch is well known,
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bent tube type in terns of flow tube structure. In a
tymorGoriel 3 og\}@fre@t@r p¥evidedi yhthtabelegpe, oppeflow tube.
vibration is applied to a straight tube, whose both
ends are supported, in a direction vertical to the
trai ght-tube center portion axis, a difference in
Ba Qﬁﬁéhénﬁﬁﬁ due to the Coriolis 1 forces is

gener ated between the support portions and _the central )
In a Coriolis flowmeter, 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 vertical to the flowing
direction of the tube {(hereinafter, a tube to which wvibration
is applied is referred to as a flow tube). The Coriolis
flowmeter is a mass flowmeter, which utilizes the fact that the
Coriolis forces applied to the flow tube when vibration is thus
applied thereto, are proportional to a mass flow rate. The
Corioclis flowmeter, which is well known, is roughly classified
intc a straight tube type and a bent tube type in terms of flow
tube structure.

In a Coriolis flowmeter of the straight tube type, when
vibration is applied to a straight tube, whose both ends are
supported, in a direction vertical to the straight-tube center

portion axis, a difference in displacement due to the Coriolis



portion of the straight tube, that is, a phase
difference signal is obtained, and, based on this
phase difference signal, the nass flowrate is
detected. The straight tube type Coriolis flowreter,
thus constructed has a sinple, conpact, and solid
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in that cult to achieve high detection

ensitivity. |Ln contrast, th ent, tub e 1CLi.ql.l :
POy %N%é?%?ﬁ%%s§ﬁﬁéﬁ%5r% g'tﬁgagtggfg%tﬁP%%g Fgggbgeh%e signal
~ Coriolis floweter froma view point, that it allow§ fhe mass
is gbtadriegn anda BRapE ¢Brthis KRR Y TREEH HF G the
Coriolis forces. In fact, it is capable of performn
flowasstel bwdetmet ekt e@hicoatwaiphhi Ghbe didre | 'rtlﬁl%éiﬁwmeterr
exanpl es of the bent tube type Coriolis flowreter
thusheloida: rang: el tifped swinfh «§ Sorglaet,f laowl tswlid  sdgucture. On
for exanple, JP 4-55250 A), one equi pped with two

thelegggfkgﬁééda}r Ea:% gedainsparal ﬂ)fd)bi&ﬁein fifatexamlsediHticult to

one equl pped wth a single flow tube
i.n_a l.ooped, st ate. (see for_exanple, JP 2951651 B). A
S AR WREY |%€&Tee‘f%3r‘§‘br%‘?}?%’e Ivee s o ngle flow tube is
advantageous in that it can ngvide,a Mass fl owet er
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hand, in the Coriolis flowreter provided with a ,
to thagierdioht thides tiypehGer hobi 8bf kawmeteX Faom gnehey Reint that
flow tube is vibrated in a primary node or an o
it e¥Eleowsingel omden tée wi Ehaideonforeales fieatavednt epbhbaining the
of the mass flowreter. 2
Coriolis forces. In fact, it is capable of performing mass flow
rate detection with high sensitivity. Known examples of the bent
tube type Coriolis flowmeter include one equipped with a single
flow tube (see, for example, JP 4-55250 A}, one equipped with two
flow tubes arranged in parallel (see, for example, JP 2939242 B},
and one equipped with a single flow tube in a looped state (see,
for example, JP 2951651 B).

A Coriolis flowmeter provided with a single flow tube is
advantageous in that it can provide a mass flowmeter in a simplest
structure and at low cost. On the other hand, in the Coriolis
flowmeter provided with a single flow tube, it has a problem in
that, when the flow tube is vibrated in a primary mode or an

even-number mode, the vibration leaks to an exterior of the mass

flowmeter.



To mtigate the vibration | eakage to the exterior of

the mass flowreter, there has been devi sed, as neans

for mtigating | eakage of the vibration of the flow

tube to the exterior, a construction in which the

single flow tube is vibrated in a tertiary node by
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drive devices are used, a nunber of new probl ens
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devices is rather conplicated, and the producti©on
st i.s dncreased. D sclosyre of the Invention It |is .
of 3 %6112’ 2ot r?g'fdﬁﬁé*szrcﬁf’wi huBH {%n‘ﬂi‘% PHOV Her p @ construction
. tertiar node vi bration type Coriolis flowreter which
in ciafyl G %P%v?ﬂ@ﬂlﬁnflawstﬁbﬁel§tV&PFGF@daﬁ& & Yegiddst mode by
and which helps to mtigate vibration |eakage. To
us g dihreh araboy eeotijoest., Howewvdirngwhenctld mired dihieve devices
present invention, a tertiary node vibration type

aréaldedl,i 3 hhaveet 8f ndwPrdlifsmaboeast ppe éxaplepethe wiring
supported at opposite end portions having inflow and
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the flow tube; and a pair of vibration detecting

for,detecting_a phase difference that is

préﬁﬁﬁﬁ#%?o%gftt%écﬁ??ﬁg?gegforces acting on the flow

tube, and is structutred such that: in causing the

flow tube to make a tertiary node vibration using the

drive device, the drive device is arranged so as to be
Disgkeguree ohtth@elrvemEadnone of three antinodes

generated by the tertiary 3

It is an ocbject of the present invention to provide a tertiary

mode vibration type Coriolis flowmeter which can be provided in
a simple structure and at low cost and which helps to mitigate
vibration leakage.
Toattaintheaboveobject,acéordingtocﬂaim].ofthepresent
invention, a tertiary mode vibration type Corioclis flowmeter
includes: at least one flow tube supported at opposite end portions
having inflow and outflow ports; a drive device for alternately
driving the flow tube; and a pair of vibration detecting sensors
for detecting a phase difference that is proportional to Coriolis
forces acting on the flow tube, and is structutred such that: in
causing the flow tube to make a tertiary mode vibration using the
drive device, the drive device is arranged so as to be situated

at the central one of three antinodes generated by the tertiary




node vibration; the vibration detecting sensors are
arranged at two of the three antinodes of the
tertiary node vibration of the flow tube exclusive of
the central antinode; the displacenment polarity of

t he drive devi ce and the di spl acement polarity of the

L bra detectin Qrs r t. to be in op
mOp'ﬁase ﬁonéagh % Ira aRa, a € eﬁp}&ﬁ ﬁe\pesqrese(%%&@rranged at
of an eXC|tat|on circuit portion for exciting
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det ecti ng sensors, the excitation circuit portion for
flewcitbrg axdwiusite av§ thee cartiiztl oant snede uctbheedlissplacement
that conversion is effected such that the
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phase with each other, are converted to be in phase
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i nvention having”the above tfeature, int I ar

wbratlon e.Coriolis flo ter '
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ant i node aI one, where the anplitude is_ maxinmm and t
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resent invention, according to a tertiary node
bhatdeﬁaqﬂmaq}ﬁ¢mﬁ¢ssflbhﬂeﬁgmuﬁEUﬁqnrnikmmlttpertlon for
[ nventl on, in the tertiary node vibration type
exdorimg i thef | cwrttietyofmedai nribxdtidie iigvestradtukred so that
convert the displacenent polarities so as to nake
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f eedback | oop, an electric wire, such as an input |Ine
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in tpehasléar%lggdeac %&1' on t %%or 1In%| Itso claim 1 of the present
invention having the above feature, in the tertiary mode vibration
type Coriolis flowmeter, it is possible to drive the flow tube with
the central antinode alone, where the amplitude is maximum and the
drive efficiency is high.

To attain the object of the present invention, according to
a tertiary mode vibration type Coriolis flowmeter of claim 2 of
the invention, in the tertiary mode vibration type Coriolis
flowmeter of claim 1 of the invention, to convert the displacement
polarities so as tomake them in phase with each other in the positive
feedback locop, an electric wire, such as an input line or a signal

line, is connected inversely or through the intermediation of an

inverter. According to the tertiary mode vibration type Coriolis



4 floweter of claim2 of the present invention thus
structured, displacenent polarities that have been in
opposite phase with each other are nade in phase with
each other by connecting the electric wres inversely
in the positive feedback | oop of an excitation
cirguit ri fgr exciti erti . ood
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. or. through the intermedi ation .of an _inverter. To .
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to a tertiary node vibration type Coriolis flowreter )
othsr @lrsi madeoin Rhasenwd tof cpigd B?ég@énbyi%%ﬁq%mg ithe electric
the tertiary node vibration type Coriolis flowreter
wimds clveardeby thakhe2pekittiereprissmiitack nherp i oh, anaekcitation
of the drive device and the vibration detecting

cifANSOsot SiSQuipPeskM t Ing €RE! tardiarkagoak, vabdatien of the
coil i's arranged on a stationary nenber that is
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floz'sra&gln%%egngneﬁﬁeg%%%v{?%geg&ﬁ%\%%g?%gé}sro the terti arrilne ration
node, vi bration type Coriolis floweter of claim3 of

of 137k 1H¥RKERK - i nvention thus structured, there is no

need to nmount a coil requiring wring to the flow ,
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tube is mtigated as nuch as possible. According to

a tdeiimdy afioddev Pveseioni oypat Conioflhe flownetles oifsclaim 1 or
vibrated in a tertiary node, thereby making it
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possible to provide a tertiary node vibration type

typ@ QL S1 L owTRimle tr AN 8hk@AI ldEYclaim 2 of the present
invention, each of the drive device and the vibration detecting
sensors is equipped with a coil and a magnet, and the coil is arranged
on a stationary member that is separate from the flow tube, with
the magnet being arranged on the flow tube. According to the
tertiary mode vibration type Coriolis flowmeter of claim 3 of the
present invention thus structured, there is no need to mount a coil
requiring wiring to the flow tube, so the influence on the vibration
of the flow tube is mitigated as much as possible.

According to claim 1 of the present invention, the flow tube
is vibrated in a tertiary mode, thereby making it possible to
mitigate vibration leakage. Thus, it is possible to provide a

tertiarymode vibration type Coriolis flowmeter of highreliability.

Further, being equipped with a single flow tube, the tertiary mode



Furt her, being equipped with a single flow tube, the
tertiary node 5 vibration type Coriolis flowreter can
be provided in a sinple structure and at relatively

| ow cost. According to claim2 of the present
invention, it is possible for the excitation circuit
portion to be of a superior construction. According

vibPa€leh M Ipefl ddia diriesentoumvedt | 8an ble addided in a simple
requiring wiring is arranged on the stationary nenber,
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portion, a signal conputation processing portion, and
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Brief Description of the Drawings

Fig. 1 is a structural view showing a tertiary mode vibration
type Coriolis flowmeter according to an embodiment of the present
invention.

Fig. 2 is a block diagram showing a sensor portion, a signal
computation processing portion, and an excitation circuit portion
in the tertiary mode vibration type Cecriolis flowmeter.

Fig. 3 is a structural view showing a tertiary mode vibration
type Coriolis flowmeter according to another embodiment of the
present invention.

Figs. 4 are explanatory views of other examples of a flow tube.

Best Mode for carrying out the Invention

Hereinafter, embodiments of the present invention will be



6 described with reference to the drawings. Fig. 1
shows a tertiary node vibration type Coriolis
flowmmeter according to a first enbodi ment of the
present invention. Fig. 1 is a structural view show ng
a construction of a tertiary node vibration type

Corjolis f accor di tq_the resent
de %Jetﬁ‘?‘flo‘ﬁlhrll ge Erf—gcﬁ EPogﬂedﬁﬁa}“’&f}]gghow ng a sensor

port| on, a Si naI utation pr.ocessi n ortion,
B B § ASRANS & ?%Ugfapbﬂ@ﬁénv%w‘i‘ﬁ’emﬂ 3&9%9%%&8 Tlowmeter

vi bration type Coriolis floweter. In Figs. 1 and 2,
aceording aty anﬂerstbembbdmmEypeo@othelpgeﬂamﬁmﬁyﬂﬂntnon
according to the present invention includes a casing

2, addholeikl @Né@ﬁ%&@&pomdam@wmg he cessbgudtion of a
a drive device 4, a sensor portion 7 having a pair of

tei’ﬁpé'lﬁ? rgéhéjex;ﬁ%é ﬁ%ﬁé %oéoﬂ§nﬁlcﬂﬁﬁ%rﬂéﬁﬁhng to the

ation processing portion 8

for erfor utatlon pro |
progint “Tapeitiduca Bava ¢ diaie Mo rateebBhr spailng, a sensor
7, and an excitation circuit portion 9 for exciting
PO¥HLORr Vel el Gompulat iR PFEFPERAG, PO FEles and anexcitation
conponents wi |l be described. The casing 2 has a
cistuilct poetiesi simntheo trerdiany amddeorsitoraticrur tipe, Coriolis
the casing 2 is fornmed in a size |arge enough to
flaarorepdate the flow tube 3 and a stationary nenber
10 arranged parallel to a plane formed by the flow

t UbeJ'br?‘ therangihg, castpgtZaty RBAEOKWIBFatadnt @R Coriolis
capa protectlng the main portion of the

flc];vlqrﬁw@e]gei[ according to the present invention includes a casing
2, a single flow tube 3 accommodated in the casing 2, a drive device
4, a sensor portion 7 having a pair of vibration detecting sensors
5, 5 and a temperature sensor 6, a signal computation processing
portion 8 for performing computation processing on mass flow rate,
etc. based on a signal from the sensor portion 7, and an excitation
circuit portion 9 for exciting the drive device 4. 1Inthe following,
these components will be described.

The casing 2 has a structure resistant to bending and torsion.
Further, the casing 2 is formed in a size large enough to accommodate
the flow tube 3 and a stationary member 10 arranged parallel to
a plane formed by the flow tube 3. Further, the casing 2 is so formed

as to be capable of protecting the main portion of the flowmeter

such as the flow tube 3. The casing 2 is filled with an inert gas,



such as the flow tube 3. The casing 2 is filled with
an inert gas, 7 such as argon gas. Due to the filling
with the inert gas, condensation on the flow tube 3,
etc. is prevented. The stationary nenber 10 is forned,
for exanple, as a flat plate as shown in the

draw ngs, and a part thereof is fixed to the casin

suegh PGrt#ﬂ"e?onangporPuﬁorttq obhe 1 figdl inghpi £h ngthe?ndj(?l’le’-'t gas,
fixing the inflow port side end and the outfl ow port

cordleies @hdonfonhthél dhowt bhbe33j seffountied previenged.
stationary nenber 10 by appropriate neans. The fl ow

t uberie i st LIPS WémGe - Bhaped Dttiadd fabeydigle, i& a flat
symretrical with respect to a first axis Si; one end
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to the support portion has an’infl ow port, and

he 13 th
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to the inflow port, and an outfl ow port si
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Measurenent fluid, which flows into the flow tube 3
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connecting portion 14, flows sequentially through an
I nf | Thve fdrdw Shube Beg sposiboBedact us idesipidd autvwed ibe which
m ddl e, and an outflow port side leg portion before
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portion 15 through the outflow port. The naterial of
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an outflow port. An inflow port side connecting portion 14 is
mounted to the inflow port, and an outflow port side connecting
portion 15 is mounted to the outflow port. Measurement fluid, which
flows into the flow tube 3 from the inflow port through the inflow
port side connecting portion 14, flows sequentially through an
inflow port side leg portion, a curved portion in the middle, and
an outflow port side leg portion before flowing out into the cutflow
port side connecting portion 15 through the outflow port. The
material of the flow tube 3 is one usually adopted in this technical
field, such as stainless steel, hastelloy, or titanium alloy.
The drive device 4 forming the sensor porticn 7 serves to
vibrate the flow tube 3 in a tertiary mode, and is equipped with

a coil 16 and a magnet 17. The drive device 4 is provided in the



vibrate the flow tube 3 in a tertiary node, and is
equi pped with a coil 16 and a nagnet 17. The drive
device 4 is provided in the 8 first axis Si and at
the center of the curved portion of the flow tube 3.
In other words, the drive device 4 is provided so as
b e thin th rane ntral nt i node
fl}t(—lgto §%§r§eiéaa%%ta:”€ng s CBR Y 8 ug %gﬁera?eﬁéﬁon ‘ﬁg the flow
tertiary nmode vibration. Further, the cojl, 16 of the
Lule ve dﬁh%feh%r.%orrﬁﬁmféep (HF ¥R YRS chahs RRAGEIEd SO as to
10. Further, although not specifically shown, an FPC
be (sibupbed wrirthti@d tdier auintge orf am eeettalcantisode HEdof three
out fromthis coil 16. The magnet 17 of the drive
antenogesdH] scimmungledi3 genkhe thldowyt the Sebyiasyngpde vibration.
dedi cated nounting tool. Wien an attracting action is

genergtedet N the clelV%d ¥l £Re cﬂrlxﬁé‘%éﬁgﬁf@ 1¢ hSunted to the

inserted Into the coil . As aresult, the flow tube
t { at
stétwnggw%g%gf(sepzrm“ﬁageza% SR AR Ay shown,

drive device. 4, the flow tube 3 is noved away from
an ¢ FfC of &?H‘B\Jr?f ehbesd 19 TSk IhaR 198G Fixe is led out

supported by and fixed to the support portion 11 at
fropithisn@pitlhdeof TherragreVel Yol theddrzvel deviaeet yls mounted
driven in a rotating direction around a second axis S2
tootha fhowdtuhxi 3 B3 ubihg ¥i Hedfitcagethmchinddmigultecd .i n
the tertiary node. The vibration detecting sensors 5,

5 f ofHemaan r@c@ﬁ@@in%%ﬁl&[‘ is YeheoNed Sivid) drive device
detect vibration of the flow tube 3 and, at the sane

, Wi ndfiect1 R Phases HESETBNGE {l@tcd £1 PIOPOAd W3lesult, the
flow tube 3 is brought close to the stationary member 10. In
contrast, when a repelling action is generated in the drive device
4, the flow tube 3 is moved away from the stationary member 10.

Since the flow tube 3 is supported by and fixed to the support
portion 11 at both ends thereof, the drive device 4 is alternately
driven in a rotating direction around a second axis S2 or a third
axis 83 while vibrating the flow tube 3 in the tertiary meode.

The vibration detecting sensors 5, 5 forming the sensor
portion 7 are sensors which detect vibration of the flow tube 3
and, at the same time, detect a phase difference that is proporticnal
to Coriclis forces acting on the flow tube 3, with each of the
vibration detecting sensors 5, 5 being equipped with a coil 18 and

a magnet 19 (Apart from this, it is also possible to adopt, for



to Coriolis forces acting on the flow tube 3, with
each of the vibration detecting sensors 5, 5 being
equi pped with a coil 18 and a nmagnet 19 (Apart from
this, it is also possible to adopt, for 9 exanple, an
accel eration sensor, optical neans, a capacitance
type, or a distortion type (piezoelectric type),
CXFIRdIS r dok éccs leta tdfon despbae aminitcalBRabst \a capdcitance type ,
acceleration). O the vibration detecting sensors 5, 5
ort lausl icdrettriet dopeongpiarde Bédtani cet goé ) ngwseosodebet§s one of
provided at a position which is wthin the range of

dilshe adidenade v i de 4 | awdnstasige) and  which
all ows detection of a phase difference that is
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detecti ng sensors arranged at ‘a pos
a t he an

Wich is within the range of, tinopde H3 on. the . .
v B ol et B Ch 4 1A TG o RFSAELOn which is
.phase difference that is proportional to Coriolis
withigedheThangepodt itdie agdtigmdendibemsotle 5infleweport side and
arranged so as to be situated at positions deviated
whiicbhnuhbdes debechied ohen pHasd ddWfedencd thati bsghedportional
in the tertiary node. The respective coils 18 of the

toVEHEpb1 08 Flet@sd | NTHReBEBEY vPbratAb8 APLEELInSdd¥ors 5, 5 is
stationary nmenber 10. Further, although not
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an electric wre | d out from each _
s SR SR LR B e A W By b M cr o = pase
di%fggggggtgga?%ﬂpégg%o&%gghal to Coriolis forces. The vibraticn
detecting sensors 5, 5 are arranged so as to be situated at positions
deviated from nodes generated when the flow tube 3 is vibrated in
the tertiary mode.

The respective coils 18 of the vibration detecting senscrs
5, 5 are mounted to the stationary member 10. Further, although
not specifically shown, an FPC (flexible printed circuit) or an
electric wire is led out from each coil 18. The respective magnets
19 of the vibration detecting sensors 5, 5 are mounted to the flow
tube 3 by using a dedicated mounting tool.

In the first embodiment of the tertiary mode vibration type
Coriolis flowmeter of the present invention, the coils 16 and 18

of the drive device 4 and the vibration detecting sensors 5, 5,

respectively, are, as described above, mounted at predetermined

10



In the first enbodi ment of the tertiary node vibration
type Coriolis flowreter of the present invention, the
coils 16 and 18 of the drive device 4 and the
vi bration detecting sensors 5, 5, respectively, are,
as described above, nmounted at predeterm ned 10
osjitions on the stationary nenber 10 since it
posiy

oz g the sraddionary fgerdrehn FrENge &G tise aslso necessary

printed circuit) of an appropriate weight (not shown)
to oeffmctl etiring wofe a1t hEPGI rifdexidyist epristedi taldgruit) of an
the drawi ng) By thus nounting the coils 16 and 18 at

aprxrasiet £ ¢ wetlghosithbenshewnihe rstai | ebhacyr henwereldthe wiring
the influence on the vibration of the flow tube 3 is

syd¥dn gal %%ﬁ%é&l% £ Reawiibls-. Byt fgud imGinting the coils 16

enbodi ment of the tertiary node V|%rat|on type

and 1l 8k el yPLEED Shed ng et Fosf ?@gxéeé'#??ﬁsk&oﬁ?mbig 10, the
and 18 and the magnets 17_and 1%%§ to nmount t
1n%ld4q%cq@raﬁalemlbsaiﬂh@nfPémrlﬂ%bfel é;hl@ ' Bol Frotht1¢4 €d as much

magnets 17 and 19 to the stationary nmenber 10).
as magwogke not specifically shown, a substrate or the
like is provided inside the tertiary node vibration
t yperCatieolfiis sftl embetiénent actcohdi ert tathanquiesdiiration type
i nvention. Further, connected to the substrate is a

CoMid e har Nfaset&d cPLUttHeD e et %rﬂ\f@nt@cori hfiﬂ ard izalb possible
node vi bration type Coriolis flowreter 1.

co LA, S5, HNER SORES 1P g i d Boaneco 1
anc{:q.@jensatl or?:oo?noun% the coils 16 and 18 to the flow tube 3 and
to mount the magnets 17 and 19 to the stationary member 10).

Although not specifically shown, a substrate or the like is
provided inside the tertiary mode vibration type Coriolis flowmeter
1 according to the present invention. Further, connected to the
substrate is a wire harness led out to the exterior of the tertiary
mode vibration type Coriolis flowmeter 1.

The temperature sensor 6, which constitutes a part of the
sensor portion 7, serves to effect temperature compensation on the
tertiary mode vibration type Coriolis flowmeter 1, and is mounted
to the flow tube 3 by an appropriate means. To be more specific,
the temperature sensor 6 is mounted, for example, in the vicinity

of a portion on the inflow port side and supported by and fixed

to the support portion 11, that is, in the vicinity of the end portion

11



tertiary node vibration type Coriolis floweter 1, and
is mounted to the flow tube 3 by an appropriate

nmeans. To be nore specific, the tenperature sensor 6
is mounted, for exanple, in the vicinity of a portion
on the inflow port side and supported by and fixed to

th ' ] t hat . LCl nit .
12 PSS RRELGSD ot Bt 15 S Ky ereceric
iy BRSO, Sl o8 a5k oRbbceen <o tne

above-nentioned substrate (not shown). Wring and
abovprRertbened sbstraticohnokesbognal- conput ati on
processing portion 8 so as to allow input of a
det éti1iong singhalonnBA tficomienef ¥ebtati on ted editgrmel computation
sensor 5 regarding deformation of the flow tube 3, a
proeiecin®rostareh HBsbrom £hea 01 BRr i¥bAtabifol detection signal
detecting sensor 5 regardi ng deformati on of the flow
DA 4R%, 3neahd egL| hgn f n‘r?‘e - i
o, Prer e acIEh gL Qe ThATELpRR: ' § Adeing dsfupgtion of
3., The yut at  on_process

flow tub ignal .co ' | ng . )
the, P EEPS 3o oheq7 tet bi0R USAIRRLL DERSTCBBIFaPEBRTop ibration
a mass flow rate Qmand a density p are effected
defipatd i b A et e@gadigigy i fo eyt 1 @B o faideDT iowp (ube 3, and
fromthe sensor portion 7. Further, the signal
a detigoitism oigpedcBfsEngmpioné i tempBerstwoastensded seegfarding the
that the mass flow rate Qmand the density p obtained
tergveitgir « ofprhatf s afide QUL Prheti ghall TRk td@MictEprocessing
(not shown). The excitation circuit portion 9 includes

pord iY@ E%ngoﬁgfkheﬂedzgréciﬁ gﬂ%%ﬁ%%&%ﬁﬂ%&}’o@a mass flow

target setting portion vari a
rate Om and a density p are effected based on the detection signals

DA, DB, and DT input from the sensor portion 7. Further, the signal
computation processing portion 8 is constructed such that the mass
flow rate Om and the density p obtained through computation are
output to a display device (not shown).

The excitation circuit portion 9 includes a smoothing portion
20, a comparing portion 21, a target setting portion 22, a variable
amplification portion 23, and a drive output portion 24. Further,
in vibrating the flow tube 3 in the tertiary mode, the excitation
circuit 9 forms a positive feedback loop. In the smoothing portion
20, wiring is effected so as to extract the detection signal DA
from one vibration detecting sensor 5 {(or the other vibration

detecting sensor 5). Further, the smoothing portion 20 has a

12



anplification portion 23, and a drive output portion
24. Further, in vibrating the flow tube 3 in the
tertiary node, the excitation circuit 9 forns a
positive feedback |oop. In the snoothing portion 20,
wiring is effected so as to extract the detection
signal DA from one vibration detecting sensor 5 (.qr.

FuRGELGR HBY WhBEE: Lbnetdereet RS CASICar Op SR RO tHipg on the
snoot hing portion 20 has a 12 function by which it ,
inpt edesecsdonf isdamnadn RhdasdoetikPHESor tfe Vo hpage VA that is

detection signal DA and outputs a DC voltage VA that
propsorpiopait tonghe t amp hetadpl thedeof herBodf .coiparing portion 21
conmparing portion 21 has a function by which it
hag0ogPahRstiBe By Wi@ﬂ%tvﬂscﬁrﬁ%ﬂéﬁethém@ bbngager MzZOMFrom the
20 wth a target set voltage Vmoutput fromthe

smég{@g%?2§5%£%€n$?%gb9ﬁx%?t%?%g%oggEobéliggggg@noﬂépﬁgefrom the

vari [ i Oh "por SO as just  the

a itude.of a resonange vibration to.the tar et .
tafgPt atet ENEORSEELOR: a8 8Pt AERLERIoEhEs SRl ie variable
snmoot hing portion 20 to the drive output portion 24
ampki fheathen pey tinn 23q A tacedvaat ithemitehdEuds ahpdpsonance
vibration is controlled by a positive feedback |oop;
vibmatihent tot theytavdetvebtavbdtaggpe Coriolis
flowmeter 1 of the present invention, to obtain a

t er tA alohdmelect MbipIoH ithR, cbfopbase dfoihehsigivdthing portion
wavef orm of the positive feedback |oop is converted

20%?8%5%9&&%6@ BHE‘?St E:ngiio%' d4 1herRRr e A5 Othat in the

an out put 11 ne out fromthe drive output
corgxﬁoélri%f%xﬁa Lh"%é%’)ﬁlt Jg%fﬁl\i\g%%f\g%]a?f{gg {§ go%ntvrecgflég%y a positive
feedback loop; in the tertiary mode vibration type Coriolis
flowmeter 1 of the present invention, to obtain a tertiary mode
vibration, the phase of the signal waveform cf the positive feedback
loop is converted to an opposite phase. That is, in the portion
A of Fig. 2, an output line led out from the drive output portion
24 is inversely connected to convert the phase of the output waveform
to an opposite phase. Alternatively, in the portion B of Fig. 2,
the signal line of the detection signal DA input to the excitation
circuit portion 9 is inversely connected to convert the phase of
the signal waveform to an opposite phase. Alternatively, in the
portion C of Fig. 2, wiring led out from the variable amplification

portion 23 is inversely connected to convert the phase of the

amplification waveform to an opposite phase. Alternatively, in the

13



to an opposite phase. Alternatively, in the portion B
of Fig. 2, the signal line of the detection signal DA
input to the excitation circuit portion 9 is
i nversely connected to convert the phase of the
signal waveformto an opposite phase. Alternatively,
in the portion Cof Fig. 2, wiring led out from_the .
poxtai¢rmB efafpyi fA,.cabeaphapertf shexgutBuf fatsemfE from the drive
connected to convert the phase of the anplification
ouvmvtef 8¢ it { on ak4 opPosbhee phadetoAbheppabisitkey phiase iy using an
13 portion A of Fig. 2, the phase of the output sent
in®itdF OMAh \Hd 8 e QP RY tREM bbPRidA B DL ANVEr bedthe phase of
an opposite phase by “using an inverter.
| vel [ Dt rtjiop B Mo ibhe Ahass .
en€ AL RBAE Liohi BE ERBRS RO Rl SRS ShioaEt portion
cgircuit portion 9 is converted to an osite phase .
9 B LSPREEARCAA @R ORPPSLhariRRASE RN (HELRG: tibn i@verter.
of Fig. 2, the phase of the output sent out fromthe
Al ternabl eebvpl it itdat pontpont Conf 23id s Lofiher Phaset of dihe output
opposi te phase by using an inverter (To be nore
semstpenitf i from tthe draniabdeyizep 14 ficarianged-tsioras? 3 d bheonverted
situated at the central antinode H2, and the
to Vaxbr&ép@@iﬁétﬁﬁés@%§eﬁ§9ﬁ§ 8n ®neketak’ argede florlehepecific,
antinodes Hl and H3,  and, further, the displacenent
I f..the. dri kG e, di
th%g:iﬁ\}é Yiev?lct he; d éf’lfalugﬁéladsgo 4 2pd LB sgfzﬁﬂ:g{:‘l%& atrhee central

arity o e Vibra tecting sensors

adj ust so_as,10 be in opposite phase wth eac
an e s BRr thP o A LR AT GO asE T00p Sof o e arranged
excitation circuit portion 9, conversion is effected .
at ghe patinedps dteaprt Hpoladrd fusthegenthe 4l s cepent polarity

converted to be in phase .
of the drive device 4 and the displace polarity of the vibration

detecting sensors 5, 5 are adjusted so as to be in opposite phase
with each other; further, in the positive feedback loop of the
excitation circuit portiecn 9, conversion is effected on the
displacement polarities, such that they are converted to be in phase
with each other).

When, in the above construction, measurement fluid is caused
to flow through the flow fube 3, and the drive device 4 is driven
to vibrate the flow tube 3 in the tertiary mode, the mass flow rate
Oom is calculated by the signal computation processing portion 8
based on the phase difference in the flow tube vibration generated
by Coriolis forces at the points corresponding to the vibration

detecting sensors 5, 5. Further, in the tertiary mode vibration
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with each other). Wen, in the above construction,
measurenent fluid is caused to flow through the flow
tube 3, and the drive device 4 is driven to vibrate
the flow tube 3 in the tertiary node, the mass fl ow
rate Qmis calculated by the signal conputation
processing portion 8 based on the phase difference in

typaeCordnlighd lowmesaom fydmes af bst bgmbadinens pér dde present

at the points corresponding to the vibration
inventtonpgthendensify p. iBumtliser cailcutlladederti ary node
vibration 14 type Coriolis floweter of the first

enbogls nB8scPibbhcaPhfEERi thi AYEAtéR0e tHEFLQHNSI1Yadi3®, in the
al so cal cul ated. As descri bed above with reference to

te%ﬂér ]méﬁ? ¢ibtdri b t%lé:%@{%oﬁzgeﬂ@ﬂﬁéﬁéprhéé’@fding to the

rrofrirs Oownet er acco presen

i nvent.ion, the flow tube 3. is_vibrated, in the. tertiat

Pregal ipnitn SFantGncons § WolePrEeic hegaehe taTy mode,
vi bration | eakage. Thus, the tertiary node vibration

sotibel EordvpnEagEoumdeposseblendo plédgnte Woiatgen sleakage.
advantageous in that it can provide a tertiary node

Thws bridte derttyiper yCowoidel vsbfbabivet BypefCdrigh irelfilabimettey. 1 of the
Further, the tertiary node vibration type Coriolis

prés ONNEIrBfen iSOG AgviRthheohk eseithaltnyeidroproviideha tertiary
perfornms driving in the tertiary vibration node, is

mo @ VR AGEPYS kgﬁéhebrablgé FeSlmbRRlr olfOndight Wehanes1ity.

vi bration. Fur r, 1tnthe tertirary node vibration

typenforhol Snd LOMRLEL ASEOUINL 0t DR ESEN 115 £1oumeter
according to the present invention, which performs driving in the
tertiary vibration mode, is advantageous in that it is resistant
to disturbance vibration.

Furthef, in the tertiary mode vibration type Coriolis
flowmeter according to the present invention, the driving of the
flow tube 3 is effected with the central antinode HZ2, where the
amplitude is maximum, whereby it is possible to effect driving
efficiently.

Furthermore, as stated above, in the tertiary mode vibration
type Coriolis flowmeter according to the present invention, the
drive device 4 is arranged so as to be situated at the central
antinode H2, and the vibration detecting sensors 5, 5 are arranged

at the antinodes H1, H3. Further, the displacement polarity of the

drive device 4 and the displacement polarity of the wvibration
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flow tube 3 is effected with the central antinode H2,
where the anplitude is maxi num whereby it is
possible to effect driving efficiently. Furthernore,
as stated above, in the tertiary node vibration type
Coriolis floweter according to the present invention,
the drive device 4 is arranged so as to be situated i
debCthed cINTArs Sanbi avdeadiusted suh ihatathey are in opposite
detecting sensors 5, 5 are arranged at the antinodes
phafle wiBthFeactheotheheidi sheavebeatipol axfi thheoff ltcwe tube 3, and,
drive device 4 and the displacenent polarity of the

furtiPE) i DR tHS ied el v 0 SeNSEle Too df ecldjedsdiathtsih circuit
that they are in opposite phase with each other in

po%igfoﬁ( idr ahl gﬂf%@el %&éﬂr’%ggﬁgﬁtﬁ’e ngdh i chWd-he beein_ntin opposite

e positiv e exclitation circul

ortion 9, the displacenent pqlarities i ch_have
ohge iR opabE: PENEEndce tit i AL tihen® | ThEng18ue tube 3, are
vibration of the flow tube 3, are converted so as to .
coRveTHeR KRS fPthe dadthasnei theagh otheghe Thiei dnythe tertiary
node vi bration type Coriolis flowreter 1 according to
modéev ifreseinn typefbirdw] iist flewaetam dgeoostgipgstd e present
to generate a tertiary node vibration with a single

invknveolevi€eid. afvahbegeBnslyt peskeblieaty Geterate a tertiary
vibration type Coriolis flowreter 1 according to the

modi 65A0at [WEN PR 4SS YRRt 3BE0HSqblickhal 1t can be

provided in a sinple stfucture and at relatively |ow

COS o FUANRLRDT Cxrih e LELILRYY oRES ViBLaLiBR TWhSe corionis
flowmeter 1 according to the present invention is advantageous in
that it can be provided in a simple structure and at relatively
low cost.

Furthermore, the tertiary mode vibration type Coriolis
flowmeter 1 according to the present invention is advantageous in
that it makes it possible to obtain stable signals through the
vibration detecting sensors 5, 5.

Next, with reference to Fig. 3, another embodiment of the
tertiary mode vibration type Coriolis flowmeter according to the
present invention will be described.

Fig. 3 is a structural view showing a construction of a
tertiary mode vibration type Coriolis flowmeter according to

another embodiment of the present invention.

Fig., 3 shows a second embodiment of the tertiary mode
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flowreter 1 according to the present invention is
advantageous in that it nakes it possible to obtain
stabl e signals through the vibration detecting
sensors 5, 5. Next, with reference to Fig. 3, another
enbodi nent of the tertiary node vibration type
Coriolis flowreter according to the present invention

Bk [ i weSho g
LSRG, 968, Shaf1 By, AL BBV OAY presene
in 0|IS fl ommeter according to another enbodlnent of

Yﬁg EJPQSent invention. Fig. 3 shows a second

enbodi ment of the tertiary node 16 vibration type
Cori BRiELF{ Gandt berhtedy dierde (Vd bt igresype Coriolis flowmeter
invention. In Fig. 3, atertiary node vibration type

1" Carcrcokidénfyl dwnether séx':oxan‘.cmhd:dﬁ;méntt b€ $heomqdesent invention
enbodi ment of the present invention differs fromthe

diteets afyoxﬁDﬂEeV’@:@fﬁllé?? hoBE Bt isn ft@eeterioli ®fflowmeter
the first enbodi ment of the present invention in that,

1 déf“%b%aﬁir%)xt_ drliSo Phdn Llo Eég%fé)é]elg\?tl r| ocﬁ-?'iﬁofﬁaé instead

értrary Hode Vi Ion type

f 1 _of .the fi diment of t esent

of | HERTRToh, SEnEiBREOR: ORTaET TR oo G i o [ the tertiary
detectlng sensors 5'a, 5'a and a Ealr of phase

moge f Y b M @@e?&?u%rlgkh§of%om% eg' b ofifdgfiry embodiment
vi bration detecting sensors 5 a, 5 a are sensors

of fighe detexgnnginvvérionn Ofierdeafé qurewbded;a grinfof helbration
vi bration

detecting sensors 5'a, 5'a and a pair of phase difference detecting

se‘nsors 5'b, 5'b.

The pair of vibration detecting sensors 5'a, 5'a are sensors
for detecting vibration of the flow tube 3; one of the vibration
detecting sensors 5'a, 5'a is arranged so as to be in correspondence
with the position of the antinode H1l where the amplitude is maximum.
Similarly, the other vibration detecting sensor 5'a is arranged
S0 as to be in correspondence with the position of the antinode
H3 where the amplitude is maximum. The pair of vibration detecting
sensors 5'b, 5'b are sensors for detecting a phase difference that
is proportional to Coriolis forces acting on the flow tube 3, and
are arranged within the range of the central antinode H2 and at
symmetrical positions to the right and left of the drive device

4.

The operational effects of the tertiary mode vibration type
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detecting sensors 5 a, 5 ais arranged so as to be
in correspondence wth the position of the antinode
H1 where the anplitude is nmaximum Simlarly, the

ot her vibration detecting sensor 5 a is arranged so
as to be in correspondence with the position of the

coFoul R opRehBTadt | Rpe" SBReoPics s Oy eI, above, so

for detectln a phase dlfference that is proportiona

a d8SepipbLPE %B%sgfawmgb@nomﬁ@ tedow tube 3, and are
arranged wthin the range of the central antinode H2
and Eurtkgmmeltigeés posihownssavindethaigitheamrdsint dnvention
the drive device 4. The operational effects of the

allewsi aayiondenydbf Btd Dok y PeitHduohéPhr 8ihy ORF®h efhd ' scope of
are the sane as those described above, so a

thé‘%ééﬁ’d QBV(EPA%EL%Bf V“ﬁfxét b€ 006 8di n FYd QSBve' émlgé’&?.ments the

wi't hout saying th e present invention

riQu di fi cat| ns Wit hout _depar, fron1the S

abS éﬁeﬁ?r?ﬁ ohp! B0 FhaPere a4 S15F EieIR to forn
enbodi ments the flowtube 3 is formed in a U- sha

floy tubeg &0 pds¥rbleue SHOIFRUFSDRS] FHOYT3LNOFigar .%L%) through
Structures as shown in Figs. 4(a) through 4(f); e.g.

4 (Euh e tusBr VRl gabesy dFigistoddh) 4tkypughad e ki ream@hi straight
tube (Fig. 4(f)) (In Figs. 4, antinodes and nodes in

tuber(Fiayy Andde (ThbFags o apetindided addosodekeienoertiary mode
synbol 0 and reference synbol x, respectively).

vibrdthen ar‘@“'lhﬁlbﬁthﬁeb?%féld@l;?@é 'ﬁﬁ[@)ole@bgﬁdmé‘rence symbol
only one flow tube is used, it is also possible to

x, respectively). Further, while in the above-described

embodiments only one flow tube 3 is used, it is also possible to

effect opposed vibration with two flow tubes arranged symmetrically

with each other, or coupled vibration with three flow tubes arranged

symmetrically with each other.
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ef fect opposed vibration with two fl ow tubes arranged
symmetrically wth each other, or coupled vibration
with three flow tubes arranged symetrically with
each other. 18 CLAIMS 1. A tertiary node vibration
type Coriolis flowreter conprising: at |east one flow
t ube supported at oppsite end portions having inflow
and outflow ports; a drive %%@B%% for alternately
driving the flow tube; and a pair of vibration
det ekt i dg $emddesy f mpddet etbragianphogeediddeiehte flowmeter
that is proportional to Coriolis forces acting on the
coffip DV i e atchassetrld Fedw tubd duppot tealst Rpddiad kAW portions
tube to make a tertiary node vibration using the
ha&HﬁqeiHFYbﬁ?an hs?gfi¥§ BY'tsS a'ﬁrﬁ%%yﬂ%%ldg fbr alternately
central antinode from anbng three antinodes generatef
.the tertjar de vi bration; the .pair_.of vjhrati.aon
ar {¥iad e S s A St & Rt A it i sensors
three antinodes of the tertiary node vibration of the
foy I%Q@b’é’%)@cPbéﬁ@edléfe@?ﬁ@c@eﬁéﬁﬁl iarmroreetienal to Coriolis
di spl acenent polarity of the drive device and a
forliepl acehmptomothe i £yowf thbe, vi brati on detecting
sensors are set to be in opposite phase with each
ot hethiawdet et izéd pDsi thie: Ligedhasknboepeoflan thee to make a
excitation circuit portion for exciting the tertiary

tel‘&ét‘?ﬁ%c}{ir&lfc?é o e fde Jd Qg tuhe 4Rk TG D! aHPRrive device

ing sensors, the excitation circuit portion for
is SEELLIAGA NG 4 eLLLELY MG M. A8 EQ0n! Lrdidd'*tHEEE Fhtinodes
generated by the tertiary mode vibration; the pair of vibration
detecting sensors are arranged at twoc antinodes of the three
antinodes of the tertiary mode vibration of the flow tube exclusive
of the central antinode; a displacement polarity of the drive device
and a displacement polarity of the vibration detecting sensors are
set to be in opposite phase with each other; and, in a positive
feedback loop of an the excitation circuit portion for exciting
the tertiary mode vibration of the flow tube, and the vibration
detecting sensors, the excitation circuit portion for exciting the
tertiarymode vibration is structured so that conversion is effected

sc that the displacement polarities, which have been in opposite

phase with each other, are converted to be in phase with each other.

2. A tertiary mode vibration type Coriolis flowmeter
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so that the displacenent polarities, which have been
in opposite phase with each other, are converted to
be in phase with each other. 2. A tertiary node
vi bration type Coriolis flowreter 19 according to
Caim1, characterized in that the displacenent
olarities made in,phas L4 a Lot
ac%%’é‘%c’?%e Peetfie Tt’oé:p aory‘_’lcone\(le%lo%]e:c?i %ge:%gleet;/ the IEﬁSplacement
connecting an electric wire includin an i nput ljtne
rolawl bles g Madedn RS MidipRRFRGIRSL 1R &hedosstie feedback
tertiary node vibration type Coriolis flowreter _ ]
lo@edoy dimg ¢6: Ciairarsedy 2pnphatiovernzedechrifatwiggeincluding
of the drive device and the vibration detecting
an SBHS@F S1igeegudpaedivhbh aigei;l andndnéetpgsdhng amd inverter.
coil is provided on a stationary nenber that is
separate fromthe flow tube, with the nagnet being
provided on the flow tube. 20

3. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1 or 2, characterized in that each of the drive
device and the vibration detecting sensors is equipped with a coil
and a magnet; and the coil is provided on a stationary member that
is separate from the flow tube, with the magnet being provided on

the flow tube.
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