DESCRI PTI ON  TERTI ARY MODE VI BRATI ON TYPE CORI CLI S
FLOAWETER TECHNI CAL FI ELD The present invention
relates to a Coriolis flowreter equipped with at

| east one flow tube, and nore specifically, to a
tertiary node vibrati onDtPg%%gCori olis flowreter in
which the flow tube is FOIPNy substantial Iy
T-shaped configuration and is driven by bending
vibration in a tertiary node. BACKGROUND ART In a
Coriolis flowreter, a tube through which a fluid to be
measUuTERT f ARWSMOBES Ui BRATEONaT YPRE cerd 0T shatrlowemisr
thereof, and vibration is applied to a portion of the
tube around the supporting point in a direction
vertical to the flowng direction of the tube

i n , a tube to which vibration is applied is
TECé@%ﬁeﬁf%gf) as a flow tube) . The Coriolis flowreter

i's mass flowneter, which wutilizes the fact, that the
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vibration is thus applied thereto, are proportional to
equipked swithodtr deastThreCidpwl itybkl owmet @orewsbeisiifdically, to
wel | known, is roughly classified into a straight
a tetrtharyypedandilar dehdn ttupe Cypeold st £1oWme bér filrowhtichethe flow
structure. In a Coriolis floweter of the straight

tubd UDE tyBRedWENa 2uMbbRALEAN 1S TaBRhbed tenFigurditdin and is
tube, whose both ends are supported, in a direction

drivél WEaled@ihdevebrat 98- tHPE €82485ry mode.

BACKGROUND ART

In a Coriclis 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 vibration 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 Coriolis flowmeter, which is well known, is roughly
classified into 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



portion axis, a difference in displacenment due to the
Coriolis forces is generated between the support
portions and the central portion of the straight
tube, that is, a phase difference signal is obtained,
.. and, based on_this phase difference signal, the mass
VIPERRT at & APPIESCt. A TRETSTRghtukebevhype &Rl §Rds are
flowreter, thus constructed has a sinple, conpact,
suphiid-asbl | &b sér dérgeéionn vetiid catlhdio hehnel, stheightirtgeg center
a problemin that it is difficult to- achieve high
portdetrecdx s, sendiffertpcel ancaditspdsicentdisr hibund taobthéyperiolis
Coriolis flowreter is superior to the straight tube
fordedd LCYenlrat dd Parmicdn theMsapposw P%'r%tioh%atan_dt RBe central
bent tube type Coriolis flomnegér al T'ows sel ection of
for f: ' 0 iLni.ng th riqli ;
por B e Tt Y "Uhile 18p8 EBFs) fyfference signal
. lLowneter is capable of perfqrmng nmass flow .rat
is olpbPdesn 2Rty hORFEH QRridits HH4RC KHhr RERGT |GGt « fibe mass
bent tube type Coriolis flowreter include one_ .
flowgaitpped ditdriedi ndhe stranghibeupede/rg ordedis Elowmeter,
JP 4-55250 A), one equipped with two flow tubes
thusarcarsgatidbeddra lelsifpde, tompadcnpland deliaB3e24adBure. On
and one equi pped with a single flow tube in a | ooped

the otaks 6908, thereeXaiBks, a JrA9PdfSIn Bhat 113 iGOHLElligult to
flowmeter, formng the flow tube by a single path

achf@%@“ﬂﬁfﬂﬂﬂéﬁb fHH*§§L#§€i&ft he best method of

solving a problemof clogging in a small dianeter
CortB G T F1 B SRS WBHS Fid e B PYRPFRG 4 superior
to the straight tube type Coriolis flowmeter from a view point that
the bent tube type Corioclis flowmeter allows selection of a shape
for effectively obtaining the Coriolis forces. 1In fact, the bent
tube type Coriclis flowmeter 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}.
In a Coriolis flowmeter, forming the flow tube by a single

path without being branched off is the best method of solving a

problem of clogging in a small diameter sensor. When measuring a



density and viscosity, it is inpossible to effect flow

separation in a stable manner if the flowis branched

off. Fromthis viewoint also, it is desirable to

formthe flow tube by a single flow path. Further,

when the flow tube is formed exclusively in one and
fluidhdaviamecphpresstibé 1ptgduet d DEcoht fhe¥at UbB1ids differing in

facilitated since the configuration and structure
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by a  sing ow pa
opp L ng const ction  to cancel vibration, |eakage
alsg, %aﬁ?oﬁeﬂﬁﬂlig# Lo i Sudn s Tlew Enbedky et ,sd.pgdfe tfH-@W path.
nass fl owreter occurs when the flow tube is vibrated
Furthery tden 4he d8ee dubgn isvdormesbexcivdd vedesdhnt ong and the
in generation of zero-point drift or span fluctuation
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even in a vibration system using a counter bal ancer
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t er__bal ancer usual | y .adopte order to
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. flomneter utilizing bending vibration of a single
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in ternms of density, tenperature, and vibration are
to caneeilt shbeat3on, leakage of vibration from the fixed ends to

the exterior of the mass flowmeter occurs when the flow tube is
vibrated in a tertiary mode or an even-number mode, resulting in
generation of zero-point drift or span fluctuation depending upon
changes in piping conditions. Further, even in a vibration system
using a counter balancer for the purpose of mitigating vibration
leakage, a change in vibration leakage is caused by a change in
density, resulting in a deterioration in terms of instrumental error
property.

As stated above, a counter balancer is usually adopted in
order to mitigate vibration leakage. However, in a Coriolis
flowmeter utilizing bending vibration of a single tube, the
influences of the counter balancer system in terms of density,

temperature, and vibration are inevitable.



DI SCLOSURE OF THE | NVENTI ON The present invention has

been made in view of the above problens in the prior

art. It is an object of the present invention to

provide a tertiary node vibration type Coriolis

fl owreter capable of mtigating vibration |eakage. In

order to achieve the object of the present invention,
tertiary node vibration type Coriolis flowreter

DISéLQ§H%ﬁr@Ft?ﬁ%J%N“$N119N the present invention

i ncludes: at |east one flow tube, a drive device for
dr iBiengexdeent oknvebtjionntdaa peien afadd bhimtvbew of the above
detection sensors for detecting a phase difference in

profl@®ihi oRe tpx i rCatital i 5t fPrBI NS 0PnENSrddOt invention
tube, and is characterized in that the drive device
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to PP B Y RE 4 ety M S RB B e ety capable
|.qop- shaped_ hod art nd that a pair of paralle

of W%&f%éh% J af ?%Fﬁ@ﬂ {%agﬁg%ontinuous with both end
parts of the body parts and to be deflected in a .
di &SI (fiss @ahdieys her ohdgetar ft 6henpressndt imyention, a
direction of both end parts of the body part and to

terttiler woesiedeibtat henburte €odiogldrt §lowneheli aedordiing to Claim
parts supporting the flow tube being forned at the

1 ofltege palelsknt Dnotdelohoi mehidye: el hsedndifldietube, a drive
present invention, a tertiary node vibration type

devied Bl & { & OMGBRIERS _f@%%rof:l%@? 44 gdﬁ‘éﬂ e foib_trl}lectiﬁen detection

present invention is characterized in that, in

sen C%;EI.I ;jﬁéquen{%%i% %r&%%sg@ d}'()f%%rg%rcieolliw. %J:chp%V\IJEEito%{ t8% Coriolis
force acting on the flow tube, and is characterized in that the
drive device drives the flow tube by bending vibration in a tertiary
mode, that the flow tube has a substantially loop-shaped body part,
and that a pair of parallel leg parts are formed to be continuous
with both end parts of the body parts and to be deflected in a
direction substantially orthogonal to the vibrating direction of
both end parts of the body part and to the outside of the both end
parts, with fixed end parts supporting the flow tube being formed
at the leg parts.

In order to achieve the object of the present invention, a
tertiary mode vibration type Coriolis flowmeter according to Claim

2 of the present invention is characterized in that, in the tertiary

mode vibration type Coriolis flowmeter as claimed in Claim 1, the



fixed end parts of the leg parts are arranged at
positions in close proximty to each other within one
and the sane plane. In order to achieve the object of
the present invention, a tertiary node vibration type
Coriolis flowreter according to Claim 3 of the .

fixegr esdrparnwertt tbe, lagaadi ngreoatranged at msitsions in close
characterized in that the following conditions are

proxdafiitsf tRdedcdh) othd3 vi tH W <ode 424 OnH05arme b Virse.
0.48, and (3) 0 < ht/H< 2.75, where Wis the width
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body part, and ht/His the ratio of the height ht of
chartlntdrdgeddant shat the fel pwiny ofortdis by ayar satisfied: (1)
According to the present invention having the features

0.03desgywbed 1abqyee, ot @5 kow/wuke 0. 9 8f, oafEd (30 @ < ht/H < 2.75,
substantially T- shaped configuration, and the flow
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consiiSiRg B hbet TS TARCP YV ol 186 RSN RATRS, H/W is the
conti nuous with both end parts. Further, according to
rativhef phesbatghtvBnefobheikbody pokits dhe wiskidy 4t f the body
twisting stresses in opposite directions in the |eg
parthakl/® asr angedathopatathel fisd end width w to the width W of

the body part, and ht/H is the ratio of the height ht of the leg
parts to the height H of the body part.

According to the present invention having the features
described above, the flow tube is formed in a substantially T-
shaped configuration, and the flow tube is driven by bending
vibration in a tertiary mode, in which vibration is stabilized with
minimum energy consumption. As a result, it is possible to convert
the bending vibration at both end parts of the body part of the
flow tube into twisting vibration at the leg parts provided so as
to be continuous with both end parts. Further, according to the
present invention, it is possible to generate twisting stresses

in opposite directions in the leg parts arranged in parallel. As



5 aresult, it is possible to substantially cancel
vi bration | eakage. By arranging both fixed end parts
of the leg parts at positions in close proximty to
each other within one and the sane plane, it is
pg}ﬁibl,e,to cancel vibration | eakage in a_nore .
a resilitst aEtict PossaRAerto prbEtent r @PRgetovteation leakage.
present invention, by formng the flowtube in a
By zopangimatbohhsfikeflyend, parpeedét thei hed reanid tatopositions
it is possible to mtigate vibration | eakage. In
in crose noroximitertbaeychodehetheiehin gasenatedtheasdnlie plane,
Coriolis force, a Coriolis force of a quaternary-node
it PPPRibldOWRVeEnck? TIBrht o¥h! HOLkAge A NNOR rd REME sfactory
is generated, due to the overall rigidity, a novenent
a $e69n y- at ur, L. € t WL St i, iLhrati . .
mamﬂ?%r achi evedegﬁr’r eagcgoterl({olﬁlqu?%r %&edptrfsvﬁwnt%h lﬂfq’g\sﬁpgé&a}l’ gﬂ) forming
t nmovenent ,of a secondary-node nat ur i.e. twsting
thevEEPh’t iB‘FSe, iy @g%@é@%ﬂ&%ﬁw réaaeégyﬁegdi%t prEgeternined
between the fixed ends on the upstream and downstream
congi ifean antt t bs depsellele Fednétigate| nikbrgtdpny leiakage.
respect to bending (to obtain an effect |ike that of
a rint adyitiege Suppotérehaly . mddes tietps Lo gehiedeteal) as the
i mprovenent in terms of Coriolis force detection
Cor RfNSd tEMLEY, GONMMiAld ofppleackerd | QiytOEREEPImode nature.
vibration fromthe viewpoint of vibration |eakage
Howd SRl WAL FihPridfle 1O COMNENl, BERING o ALAl¥ed, due to
Into tw sting vibration at the ow tube en
portians, .it j.s desirable to deflect the flow tube b .
the Giradg raeritan AyRoRHERE Bt § SraomdR YTRAS Aptire (..
vibration, it is
twisting vibration). To achieve a reduction in rigidity with

respect to the movement of a secondary-mode nature (i.e. twisting
vibration), it is necessary to reduce the distance between the fixed
ends on the upstream and downstream sides and to achieve a reduction
in rigidity with respect to bending (to obtain an effect like that
of a rotary free support end). This helps to achieve an improvement
in terms of Coriolis force detection sensitivity.

Consideration of a tertiary bending vibration from the
viewpoint of vibration leakage reveals that in order to convert
bending vibration into twisting vibration at the flow tube end
portions, it is desirable to deflect the flow tube by 90°. To
efficiently reduce the remaining twisting wvibration, it is

desirable tobring the parallel rotation shafts rotating in opposite



desirable to bring the parallel rotation shafts

rotating in opposite 6 directions as close to each

ot her as possible, with the fixed ends thereof

exi sting in one and the sanme plane. In this way,

according to the present invention, it is possible to
direuttiioget esviboati om deadk agderrast pessiblei swpolssitd fixed ends

to minimze zero point drift and span fluctuation due
there® fCRaNgASi nd Nipidid Garcdnehé | 888e Fuahber, according

to the present invention, it is possible to provide a
o AL 51 ASLO R oS Eho g providea
peale BH IR B TS R s T “preg il odpyentton, 1S

shaow a.tertiary.nmpde . vibration typ riolis . .

pos R AP PLLAEARR H4PEs AFEBR AR SHICRETgr dbeie POSSible
invention, in which portion (a) is a front view of a

to mdpdmige grao peiftodrdf)t pedasPaReFALCEURLARNSHYR §§ changes
the inner construction thereof. Fig. 2 is a block

in piphgg apnstidvions .a Famsberpoatcondingdicghhe pressrdsinmgntion,
portion, and an excitation circuit portion of a

it ikepbkaiplenbdomibidd iDhonePeaCakifaldtd iyl opEebelis Flgwmeter.
3 1s a diagram systematically showi ng a classification
of Coriolis floweters driven in a tertiary node (i.e.
straight tube type tertiary node). Fig. 4 is a

srreg R e, e NG o or Crary mode (1. e,

u%ri'%'[.’e‘i' itsygedgg{;}ggr %hgg(::ii.g)q' a tertiary mode vibration type
Coriolis flowmeter according to an embodiment of the present
invention, in which portion (a) is a front view of a casing, and
portion (b) is a schematic view showing the inner construction
thereof.

Fig. 2 is a block diagram showing a sensor perticon, a signal
processing portion, and an excitation circuit portion of a tertiary
mode vibration type Coriolis flowmeter.

Fig. 3 is a diagram systematically showing a classification
of Coriclis flowmeters driven ih a tertiary mode (i.e. straight
tube type tertiary mode).

Fig. 4 is a diagram systematically showing a classification
of Coriolis flowmeters driven in a tertiary mode (i.e. U-shaped

type tertiary mode).

Fig. 5 is a diagram systematically showing a classification



Fig. 5is a diagramsystematically showi ng a
classification 7 of Coriolis floweters driven in a
tertiary node (i.e. |oop-shaped type tertiary node).
Fig. 6 is a diagramshow ng structural exanples
derived from Fig. 4(b). Fig. 7 is a diagram show ng
of Canipkif flmaksts dgdvencinfa deortiiayy wodp. (Fig. Bop-shaped
a di agram showi ng structural exanples derived from
typ#igerBibyy Rbde)9 is a di agram showi ng structural
exanpl es derived from Fig. 5(c). Fig. 10 is an

expieqatdny Ml@ﬂét{ﬂm AP sGe QR ﬁalax?fﬁgﬂgbtc‘igf‘f'ved from

Fig. 11 is an ex anat ory V|eM/reIate
Flgdl,@[‘@} er. Fig. 12 is a conceptual system di agram for
ShOWI ng opt| mum geonetrical conditions. Fig. 13 | s a

£ dra for | ai ni ng aspect ratio
i {f 54 i gcﬁcﬁﬁ% %@I’F@EM R BTN ?é@lﬁﬂ@s q’c@@lved from
15 IS a d| agram showi ng FEM anal ysis results (when
Fight4F) = 0.50 to 1.25). Fig. 16 is a di agram show ng
FEM anal ysis results (when ht/H = 1.50 to 2.25).
Fig. 8 is a diagram showing structural examples derived from

Fig. 5(b).

Fig. 9 is a diagram showing structural examples derived from
Fig. S(c}.

Fig. 10 is an explanatory view for defining geometrical
conditions.

Fig. 11 is an explanatory view related to tube diameter.

Fig. 12 is a cqnceptual system diagram for showing optimum
geometrical conditions.

Fig. 13 is a conceptual drawing for explaining aspect ratio
H/W.

Fig. 14 is a graph showing FEM analysis results.

Fig. 15 is a diagram showing FEM analysis results (when ht/H

]

0.50 to 1.25).

Fig. 16 is a diagram showing FEM analysis results (when ht/H

1.50 to 2.25).

Fig. 17 is a diagram showing FEM analysis results (when ht/H

2,50 to 3.00).



Fig. 17 is a diagram showi ng FEM anal ysis results
(when ht/H = 2.50 to 3.00). 8 Fig. 18 is a diagram
showi ng FEM anal ysis results (when ht/H 4.00 to
5.00). Fig. 19 is a graph show ng displ acenment anounts
and angul ar di spl acenent anounts obtai ned through FEM

anaFygi.sl8Hga dagsan sloncepd UEEM Gnahyig S peWil¢ s (when ht/H
tertiary node vibration at naxi num di spl acenent as
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view of a casing of a tertiarynode vibration type
vibCatiohi stf newimtmr disphdcpoehitons( braws drnsehemiirkyle tube.
view of the internal construction of the tertiary

node vi bration type Coriolis floweter. Fig. 2 is a
bl ock di agram showi ng the rel ati onship between a
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Fig. 1 shows a tertiarymode vibration type Coriolis flowmeter
according tov an embodiment of the present invention.

Fig. 1 shows a tertiarymode vibration type Coriolis flowmeter
according to the present invention, of which portion (a) is a front
viewof a casing of a tertiarymode vibration type Coriolis flowmeter,
and portion (b) is a schematic view of the internal construction
of the tertiary mode vibration type Coriolis flowmeter. Fig. 2 is
a block diagram showing the relationship between a sensor portion,
a signal processing portion, and an excitation circuit portion in
a tertiary mode vibration type Coriolis flowmeter.

In Figs. 1 and 2, a tertiary mode vibration type Coriolis
flowmeter 1 according to the present invention includes: a casing

2; asingle flow tube 3 accommodated in the casing 2; a sensor portion

7 having a drive device 4, a pair of vibration detecting sensors



2; asingle flow tube 3 accomopdated in the casing 2;
a sensor portion 7 having a drive device 4, a pair of
vi bration detecting sensors 9 5, 5 and a tenperature
sensor 6; a signal conputation processing portion 8
for perform ng conputation processing on mass fl ow
S, Jame a eampdwnsatrosensigrial d rdfrdle apta tidtd ig¥bcessing
7; and an excitation «circuit portion 9 for exciting

port:h@n@f iF%e ﬁ@t‘fégmﬂn |ébﬁé\?t£@i&@%f&es§ir}?%gsmgss flow rate,

conponents wi ||l be described. The casing
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._accommodate _the flow fube 3 and a stationary nenber .
cir 8 OPPandEr BE% Purt A0 Ebs Snted giraged. « 1 Fhollowing,
tube 3. Further, the casing 2 is so formed as to be
thegy ramrorenes ovetii hg daschrabadportion of the
flowreter such as the flow tube 3. The casing 2 is

f i |Thed ceistingad hiames ts taxstursuebs s tangaro pasdibdeand torsion.
the filling with the inert gas, condensation on the

FurtfHewy thbecégsiﬁ%(z- 15 Fd¥mR\EeMhefsi2Ba £X§E€Eh8ligh to accommodate
structure of the casing 2 of this enbodi nent i s forned
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erein, descri as an exa
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2 p1RBRII ey bY e olotubs e | Bibthera Oif f8ings df sq formed
fixed to the casing 2. Munted to the stationar

as Lghsecapaidye afprsplestd naddes nada pegpdion pdr thenglowmeter
11 for supporting and fixing the inlet port side and

such he bhel Blopdrubsidde Bhetdesihgw@ tishéildledei thoam tivleert gas,

3 has a substantially | oop-shaped (i.e.

such as argon gas. Due to the filling with the inert gas,
condensation on the flow tube 3, etc. is prevented. The exterior
structure of the casing 2 of this embodiment is formed in accordance
with the shape of the flow tube 3 (herein, described as an example).

The stationary member 10 to which the flow tube 3 is arranged
parallel is formed as a flat plate, a part of which is fixed to
the casing 2. Mounted to the stationary member 10 by appropriate
means are support portions 11 foi supporting and fixing the inlet
port side and the outlet port side of the flow tube 3.

The flow tube 3 has a substantially loop-shaped (i.e.
substantially elliptical) body part 12 and a pair of parallel leg

parts 14, 14 continuous with the end parts 13, 13 of the body part

12, and is formed in a T-shaped configuration in plan view (the

10



substantially elliptical) body part 12 and a pair of

parallel leg parts 14, 14 continuous wth the end

parts 13, 13 of the body part 12, and is fornmed in a
T-shaped configuration in plan view (the 10 reason

reatdl 53F AAREL IS 5T L A PR g vbibDe S1VER below) .

contl nuous vvlth the end parts 13, 13 so as to extend

The jLegParitect f ont & @& AATMER Lo dre W@gmmqu wikd the end parts
vibrating direction of the end parts 13, 13 and so as

13, tI® Ise agetbeextendoin e dilneeztjsjrdesmsﬁatra::'erﬂcﬂpmtshogonal to
13, 13. Reference nuneral 15 indicates the term nal

the NeQkr POTHd ONBr @&t 164 8F CBheCOAKI PHROYS WL hiBhenendo as to be
parts 13, 13. The leg parts 14, 14 have fixed end

def]f%éﬂédl’&» ﬂl@efgﬁtéi:'pgﬁ?gé' ?g EH% Eh@l & 334,158 . Reference

fixed end parts 1 are arra at positions
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art 14 of the flow tube 3 flows through the bo
contﬁdﬂ%oqsz Wiy e | RpIE 1ot the  dtieer q%@a;r&r& 1144 14 have

The material of the flow tube 3 is one usually
fixegtiepidepartist hbs 1ectmi calppioirdlihy shehfiswstubal 2sigself. The
steel, hastelloy, or titaniumalloy. The drive device '

fixel badnpagtshes samsare poftdifed atep¥es tionsvibididsd beoximity
flow tube 3 in a tertiary node, and is equipped wth

to @acqp'dtr(éif m}ﬁh%ﬁ@f&'&&r‘@ﬁe”yéﬁé%lhﬁeom tted) and a

magnet (of which a reference nuneral |s omtted) The

dr' N gggé:gt%gnre%écf %%Hgdgﬁ%gtghn%gﬁrrﬁﬁbe ofrlle %tsitlw the flow
tube 3 flows through the body part 12 before flowing out of the
other leg part 14. 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 portion 7 serves to
vibrate the flow tube 3 in a tertiary mode, and is equipped with
a coil (of which a reference numeral is omitted) and a magnet (of
which a reference numeral is omitted). The drive device 4 1is
provided in the first axis §1 and at the center of the curved portion
of the flow tube 3, In other words, the drive device 4 is provided
at the center of the body part 12 so as to be situated within a

range of a central antinode of three antinodes generated by the

tertiary mode vibration.
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of the flow tube 3. In other words, the drive device 4
is provided at the center of the body part 12 so as
to be situated within a range of a central antinode
of three antinodes generated by the tertiary node
vibration, 11 The coi| of the drive device 4 is
mouREEACP YL thE Eedidiss e viifodr isomomntetieto the stationary
al t hough not specifically shown, an FPC (i.e.
memppgxt bl e Rtititesd eiltbough notaspet efica Ll Wistows bedFPC (i.e.
out fromthis coil. The nmagnet of the drive device 4 :
fleksbhoumt tuité@ ¢heflowdnibe eBebyrusingrd 1dediccAb8e from this
nounting tool. Wien an attracting action is generated
coilD the @l % } ﬂ@;@;t-' | paerd ed Lpto
t he coiI,qﬁ??hg?hgﬁgé%ﬂﬁﬁéF%%I t g l%ﬁ%&ﬁ?%ﬁ%%f ?ge flow tube
r LN . p [.m. o the stationary nenber
3 bgogg?ﬂ&c%néggg%?%g eﬁgéhgébﬁ||Pﬁ ‘action is generated,
the flow tube 3 is spaced apart fromthe stationary
menBletD 13 FherFiRY qebieR LS igenenmtiedicited e drlve device
drive the flow tube 3 alternately 1in a direction
4, Y padicdulis insertedliate theFrgill. wite vhérmdswhnt that the
detecting sensors 5, 5 formng the sensor portion 7

flowrtabsehsar brohighl deteell osiepadk oni o tdhent! ovat 4bea By member
and, at the sane tine, detect a phase difference that

10. | IrPIRRAHA)alwhdrP CURIIS P8RS Ctiis”%.e%rta'%%%' Pe flow

tube 3, with each of the vibration detecting sensors
tund 3 3 SR SIS S B ol ! TE! S arive
devn{cgef gﬂ{ ggcgogg@{lg eidssgnaitst tt%d)cirivgaAgggtf{crn?T&bhei S3 ailtternately
in a direction perpendicular to the plane of Fig. 1.

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 proportional
to Coriolis forces acting on the flow tube 3, with each of the
vibration detecting sensors 5, 5 being equipped with a coil (of
which a reference numeral is omitted) and a magnet (of which a
reference numeral is omitted). {Apart from this, it is also
possible to adopt, for example, an acceleration sensor, optical
means, a capacitance type, or a distortion type (i.e. piezoelectric
type), which detects one of displacement, velocity, and

acceleration.)

The vibration detection sensors 5, 5, constructed as
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possi bl e to adopt, for exanple, an acceleration
sensor, optical neans, a capacitance type , or a
“distortion type (i.e. piezoelectric type), which
detects one of displacenent, velocity, and
accel eration.) The vibration detection sensors 5, S.
descagmad PR A re A RARFe DAL abdvhe alenai tadipdlabsag 52 of
the longitudinal axis S2 of the body part 12. The
the bodyatdmdnldet ethé onilymisimrsd€tebtanvn semanged, Btare arranged
positions within the ranges of the antinodes adjacent

at pdodiaidnLwinin sirkesraigdheo£errid %n@ﬂﬁb&@gea&ﬁ‘ﬁﬁén@ to and
phase difference in proportion to a Coriolis force

on bg‘%ﬂ beqdet Sgt £fe J&%f’épraﬁ{ﬂfﬁ{b%éj%}he?é %n %%O%iig§er@nce in

are arrange at p03|t|ons enera
fl ow.tube vi br at ed bratl n i
PrORSIITIOR PO e t THb L PelBECE FaTed1q Jereshidei nfaf; shpration
detecting sensors 5, 5 are nounted to the statlonarg
detegdiipsy SROSHUR ther? arehatgrngsd adpaagitany efbwhhe nodes
an FPC (i.e. flexible printed circuit) or an electric
genewiated sherdmuf lowdmisndhi s uibra8edie vidspeditdrnvén a tertiary
magnets of the vibration detecting sensors 5, 5 are
modetounted to the flow tube 3 by using a dedicated
mounting tool. In this enbodi nent, the coils of the

d”ﬂﬁ% devpeetd RNEoiAe of Phét {rgﬂrQEESﬁt B@Eeé%&‘ﬁeréeﬁsors 5,

have an approprlate wei ght reqU|re eleciric

5 arsrﬁ“ﬁﬁnée.“’%icﬁmﬁ FETEHAy Menber o rhebhed"pathopan not

specsir%%vc\:g)l’lyag%own, an FPC (i.e. flexible printed circuit) or an
electric wire is led out from each coil 18. The respective magnets
of the vibration detecting sensors 5, 5 are mounted to the flow
tube 3 by using a dedicated mounting tool.

In this embodiment, the coils of the drive device 4 and the
vibration detection sensors 5, 5 have an appropriate weight and
require electric wires, which is not shown, or FPC (i.e. flexible
print circuit) wiring (of which a wiring system is not shown), and
therefore are mounted at predetefmined positions on the stationary
member 10 as described above. As a result, the influence of the
flow tube 3 on the vibration is mitigated as much as possible.

In the present invention, it is also possible to reverse the
mounting of the coils and the magnets (that is, to mount the coils

to the flow tube 3 and to mount the magnets to the stationary member
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therefore are nounted at predeterm ned positions on

the stationary nenber 10 as descri bed above. As a

result, the influence of the flowtube 3 on the

vibration is mtigated as nuch as possible. In the

present invention, it is also possible to reverse the
10}mJunting of the coils and the magnets (that is, to

mount the coils to the flow tube 3 and to nount the

maghtthough et sradidhiaal ipdiawn, 12 s0psArtheugh tbe like is

specifically shown, a substrate or the like is
propideddedsiidestHe teher itzary mady wisiea Vi b alyp@Ncb¥P6lis flowmeter

Coriolis f loweter 1 according to the present

1 abdVEMAONo F&&F% fesérwmerp&@r%wnih%rf%m#faé&ﬂéc@ed to the

Wi re harness out to the exterior of the tertiary
idrati t ival J I t . _Th .
sub B Sed ¥ Aon BB RS R Suk BV atemadn ofrthpertiary

sensor portion 7, serves tqo_effect tenperature
mode oPleFR Bt PBnt BRe t Fer 1o i &i ALYWRSEE vilbr ati on type
Coriolis floweter 1, and is nounted to the flow tube
3 BEhantemppe optise esemads. 6 Towhéchorenspétites, a tlaet of the
tenperature sensor 6 is nounted, for exanple, in the
sensoxipunttiorof7, asppvés o ef fldee tehbewapatre SbdpeABdtion on the
supported by and fixed to the support portion 11, 11,

terﬁi@i%inﬁadé Rritdi thiot] Bvbe €6riRei8nd1oRREtEeN1 16and 6is mounted
The FPC (i.e. flexiblé& printed circuit), which is not

to tﬁﬂapvfl’omp[tutbtéeBebgfgﬁi%@é@%ﬁigg glﬁé?ltlgom'lt(#%e more specific,

tenperature sens 6 nected 10 the o

the TAFEIRIE TS SA0R! 2t ea, thLah Fe, 0L SIEN G ooty
of a portion on the inflow port side and supported by and fixed
to the support pertion 11, 11, that is, in the vicinity of the end
portion 16, 16. The FPC (i.e. flexible printed circuit), which is
not shown, or the electric wire led out from the temperature sensor
6 is connected to the above-mentioned substrate, which is not shown.

Wiring and connection is effected on the signal computation
processing portion 8 so as to allow input of a detection signal
DA from one vibration detecting sensor 5 regarding deformation of
the flow tube 3, a detection signal DB from the other vibration
detecting sensor 5 regarding deformation of the flow tube 3, and
a detection signal DT from the temperature sensor 6 regarding the
temperature of the flow tube 3. The signal computation processing

portion 8 is constructed such that the computation of a mass flow
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processing portion 8 so as to allow input of a
detection signal DA fromone vibration detecting
sensor 5 regarding deformation of the flow tube 3, a
detection signal DB fromthe other vibration

det ecting sensor 5 regardi ng deformati on of the flow

ratg @peand aoensi dePer ¥ GH 3l DBF ST B ke detection signals

tenperature sensor 6 regarding the tenperature of the
DA, PBovend By SnpUikefxomyridie senparatamniqn dcesBungher, the signal
portion 8 is constructed such that the conputation of

compau tretsisor paw celyk iraf po@Misnds ai densisitrue taiesaEheet € the mass
based on the detection signals DA, DB, and DT input

floﬁ'fHEéIb%a%ﬁﬂ§ofh@oﬁéﬁgft§-pFHEEQfﬁedtPﬁréﬁ%ﬂahamg&gﬁtion are

conput ati on processing portion 8 is consfrdcté

t. the fl e and the density p obtained
outé4ﬁiﬁaﬁ%(é§%§%a i%%e£§% 1$D1

output to a display device
17. The excitation circuit portion 9 includes a i
smIGhPREL pBFLPH1 el Pesipan g nsdiudesna Zmoathing portion
.target setting portion 22, a variable anplification
20, poreupat 239 rowk onlRilveadigygat sertttiiog pdrtFant2@2y a variable
in vibrating the flow tube 3 in the tertiary node, the
amp lexdidatiicon poaitiew 239 &od 6 daipesottyet fradbiank 2l4QopFurther,
In the snmoothing portion 20, wiring is effected so as

in viBrextindctnkhe1det ecbbon S ¥ tht iy ene, VEREab kel tation
detecting sensor 5 (or the other vibration detecting

. r Eu ; spoot.hin ortj 20 has.a .
circiIb ] coPng SbbREEivh Lol a8 L b W Sy g portion
20 the.input d ec&%?n signal DA and outputs a DC, )

r YOt Rge WA HHRCHE D FT tTORKTTaGh t Hie Aiptestien signal DA
t hereof. The conparing portion 21 has a function
from one vibration detecting sensor 5 (or the other vibration

detecting sensor 5). Further, the smoothing portion 20 has =a
function of effecting rectification and smoothing on the input
detection signal DA and outputs a DC voltage VA that is proportional
to the amplitude thereof. The comparing portion 21 has a function
of comparing the DC voltage VA from the smoothing portion 20 with
a target set voltage Vm output from the target setting portion 22
and controling the gain of the variable amplification portion 23
50 as to adjust the amplitude of a resonance vibration to the target
set voltage.

A construction of the components from the smoothing portion
20 to the drive output portion 24 is the same as that in the

conventional case in which vibration is controlled by a positive
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of conparing the DC voltage VA fromthe snoot hing
portion 20 with a target set voltage Vm out put from
the target setting portion 22 and controling the gain
of the variable anplification portion 23 so as to
dj ust the anplitude of a resonance vibration to the
fee?%%*@]ét loggr voliewgieer A dbnstheictrsfisr vt modmnpobeation type
fromthe smoothing portion 20 to the drive output
Corpotis dildmeaten Aeofaie preshat imvehbiospnvepbitadal a tertiary
case in which vibration is controlled by a positive
modd Svileeatbiek, | €iop. phioyevef , thd signd BrddvefoWASF the positive
vibration type Coriolis flowreter 1 of the present
feed ty it ' ia ' tio h ;
cedER L 1P RARAN R KR et SproRa o therle “Paalipfey in the
| S vertyed _to_ap. opposite ase hat i.s, in
portf3R A BN kgt 0R e R EREr BT i heTTah i dibe output
the drivyve output _ portion 24 is inversely connected to
POT IR et 1 § HA KARARL HECPRECEELNER cqnawéﬁrtotﬁﬁtr&lw of the output
;Eposite phase. Alternatively, in a portion B of Fig.
waverorhet i agmalippofict ofphame detrddtd mya tsivglay, Ok isnpadrtion B of
the excitation circuit portion 9 is inversely
FigcahhethiedsignadnVené dhethphaseeetibhe s3iggaal paavefiitnto the
to an opposite phase. Alternatively, 1in a portion C

excPfatidh cArdMifd BErkednodt; d 1R MALLARL® ted to convert the
anplification portion 23 Is inversel'y connected to

pragERoEhe BP0l oAl S PSR! R vy,
i 3o A0 e B CULPUL PRI UL [T O e e ariani
amplification portion 23 is inversely connected to convert the phase
of the amplification waveform to an opposite phase. Alternatively,
in a portion A of Fig. 2, the phase of the output sent out from
the drive output portion 24 is converted to an opposite phase by
using an inverter. Alternatively, in the portion B of Fig. 2, the
phase of the detection signal DA input to the excitation circuit
portion 9 is converted to an opposite phase by using an inverter.
Alternatively, in the portion C of Fig. 2, the phase of the output
sent out from the variable amplification portion 23 is converted
to an opposite phase by using an inverter. (To be more specific,
the drive device 4 and the vibration detecting sensors 5, 5 are

arranged at the aforementioned positions, and, further, the

displacement polarity of the drive device 4 and the displacement
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using an inverter. Alternatively, in the portion B of
Fig. 2, the phase of the detection signal DA input to
the excitation circuit portion 9 is converted to an
opposi te phase by using an inverter. Alternatively,
in the portion C of Fig. 2, the phase of the output
polaehtyonf thervileavibenadteeabphyfseatons pordiare 281jssted so
converted to an opposite phase by using an inverter.
as toloe He oPpes spepHds withaLifn vehdeVi CRudthRed, tilfthe positive
vi bration detecting sensors 5, 5 are arranged at the

fee@bOERMEN S %‘?%W@%ié?ﬁ?ﬁ%%%&{&if@?qrﬁ% 9, ct%ngfersion is

di spl acenent polarity o ve device 4 and

' e Q ' f the vibratiaon detectin .
e£££L004 BE°TREY of BB it Shert 0B o5 i ek oS e opposite
hase with each other. Further, in the positive )
phage dihHt ker TR pObReF heSexEst 5P BF EPPYEITeforti #hage with each
conversion is effected on each of the displacenent
othegmllarities which is in opposite phase with each
other, so as to be converted in phase with each

ot hitter), Yhetrhe iabvoviee rehimviem@ntbaBeduedishl, Utda Hiftement fluid
measurenent fluid is caused to flow through the flow

is ééﬁ%éé’t@“ﬂléﬁetﬂfbﬂﬁhdﬁﬁécﬁloﬁ k8bar BYEANHO thePtRli%e device

the flowtube 3 in the tertiary node, fhe nass flow

4 id #ARA 1D A& qgué;yflto Otﬁi%§ d'%ngs %fjlitfe;,r%ﬁ&;f ,mode, the

processing portion & base diTT
mas S pht L UL L o0 o DDA S0 2Ly Ol S 1 8 cassing
sensors 5, S. Further, in the tertiary node vibration
por g Schrreri anfihrurhase o fifisirensiebdoi Heatflamdube vibration
genedreantselcgyby Coriolis forces at points corresponding to the
vibration detecting sensors 5, 5. Further, in the tertiary mode
vibration type Coriolis flowmeter of this embodiment, the density
p is also calculated.

As described above with reference to Figs. 1 and 2, in the
tertiary mode vibration type Coriolis flowmeter 1 of the present
invention, the flow tube 3 is formed in a substantially T-shaped
configuration, and is driven by bending vibration in a tertiary
mode in which the vibration is stabilized with minimum energy
consumption, whereby it is possible to convert the bending vibration
at the end parts 13, 13 of the body part 12 of the flow tube 3 into

a twisting vibration at the leg parts 14, 14 continuous with the

end parts 13, 13. Twisting stresses in opposite directions are
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p is also calculated. As described above wth

reference to Figs. 1 and 2, in the tertiary node

vibration type Coriolis floweter 1 of the present

invention, the flowtube 3 is forned in a

substantially T-shaped configuration, and is driven
gendynatrghdimghel bratildrli beq perts ary, 1Mdenhicredyi ebbkshantiaily

vibration is stabilized with m ni mum energy

candEligRibent ivreleakak . | STRESSIB BnkOtEPAYEEY ddife vibration
bendi ng vibration at the end parts 13, 13 of " the body

- 1.3 ;Qf [ twWisti i by at.i ;
ey Poritd B TLofnct el L1 the Phlssle MM REot ol g Bossinie
13, .13...Twi.sting siresses in o si,t i rections are :
to rddnegvarRAdr fo Rk g8 S oot Be Pt ha Br AT THoFespnLaue.
substantial ly canceling vibration |eakage. Thus, in )

As CpRdO? S99 fyOoRobRe Hasatindiion Ped oBer Py ves F 1 bowbegthe fixed
of the present invention, it is possible to reduce

end pabtst16n 1eakagbeategqrguared 4y td 1thecrsempmritinity to each
technique. As can be seen fromthe description bel ow,

othdy wiasiin ophagahbe thiexethmensl Haef si#6.islPpsitiee | €8 cancel
parts 14, 14 in close proximty to each other within

vibrats AN d& @ A e igaﬁ'ﬁs@@gg%g', endfnEpNCel

vi bration | eakage 1n a nore sati ory manner.
Fu ~.J N the tertiary.mode vibratiqn type rioli s
I Bersr ] BRC A Bk nge oy kAt P e Goriolis
constitutes = a single flow path and includes_no .
Tlowggister BAI HRePIest HAVaHet, ithadlavakybs g constitutes
vibration |leakage if there is a change in density,
a sipgkenflev poidsiaside inoludest nnt¢gumpentled karscdemal @wcédat there

state. Since
is no change in vibration leakage if there is a change in density,

making it possible to constantly maintain a balanced state. Since
there is no need to perform balancing, it is possible to cut down
a production cost and to attain stabilization in quality for a long
period of time. Further, since the flow tube 3 is a single flow
path, there is no need to provide a known brace bar. Since no brace
bar is needed, there is no need to perform brazing, with the result
that it is possible to cut down the production cost.

Since the stress acting on the fixed end parts 16, 16 is in
a twisting direction and uniform over the entire periphery with
respect to the circumferential direction of the tube, it is possible
to effect connection to the tubing or the anchor by means of a

mechanical seal. Further, since it is possible to effect the
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there is no need to performbalancing, it is possible

to cut down a production cost and to attain

stabilization in quality for a long period of tine.

Further, since the flow tube 3 is a single flow path,

there is no need to provide a known brace bar. Since
conmecti@teby hsans ofededimphber Rethaf@chgedeh, Pekf AlsMpossible

brazing, with the result that it is p033|ble to cut

to rIm 46 duatyian 1QPSIh1c§l NG S IIERS A% Kad e9%1u51vely

the fixed end parts 16, 16 is in a twsting direct

égy% he p ry wth es t

att e cgerrI{:u ere eléaﬂ gﬁfr}ét' e|efdn %[s é'ygt Eﬁés—'tﬁj Oglg% type bulk
ossi bl to effect connection to the tubing or, th

heacg nedfS o ELEEhSRRCRRTS8al 6+ FLf4 ik is PRssible to

is p035|ble to effect the 18 connection by neans

forﬂbfa & lovhudendehaliicdl tdeaporitiions iposoinflast wdth the liquid
realize a structure in which the flow tube can be

totadXot wsliely replaodmen bndties aphedi diingt AeCorby 1tisi fiowmeter
pass-through type bul k head connectors for the fixed

sui il PAHIS mdidbl ﬁéeéSaﬂ@3§b@&9ré9atearﬂh&uEE99’tUbe
in which the portion in contact wth the |qu

tohalley abkoWnd Eﬁéﬁg‘ﬁﬁ%‘a EgﬁélBESX' dfé‘? 11 (\)»%ItZIbe will

fl owmet'er” Sulta i ¢al”"uses and
.ndust r t, timum geonefrical conditjo for the
be ditgliida i r%ﬁ%ﬂ?%%%?%%d Lot s FRrehe 5@ Fi s,
t hrough 20. Figs. (%2 through 9(d) systematically
sh&WIE- aééaﬁu*éfawé o) cstemat ifqaddesbey diagehafigations

atertiary node. As exanples in which the flow path
of Cpyibdisefilewnetsireetyipgnbénds ngemtibany inmde. As examples in

which the flow path is formed exclusively by bending vibration,
Fig. 3(a) shows a straight tube type tertiary mode, Fig. 4 (a) shows
a U-shaped tertiary mode (with the fixed ends in the same plane),
and Fig. 5{a) shows a loop-shaped tertiary mode (with the fixed
ends extending in opposite directions in the same axis).

In the straight tube type tertiary mode of Fig. 3(a), the
vibrating direction of the both end parts is perpendicular to the
plane of Fig., 3. Fig. 3(b) showe an example in which tube paths
are added so as to be perpendicular to the vibrating direction in
this case. The added tube paths undergo twisting vibration by
bending vibration of the end parts. Actually, however, the bending
vibration is often also propagated as it is to the tube paths added.

The vibrating direction of the end parts in the U-shaped
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Fig. 3 (a) shows a straight tube type tertiary node,

Fig. 4 (a) shows a U shaped tertiary node (with the
fixed ends in the sanme plane), and Fig. 5(a) shows a
| oop-shaped tertiary node (wth the fixed ends

ndi ng_ i ' .di_rections_i.n the sa XhS)e LD
terERaPYNERg (W P AHS 21ReL ERR) P the JpmiP TG o1 Kllo. 4 (a)
vi bratjn directkon %f the both end parts is

it ek CothRPLPIGRE BiTFiYy. 819F §IPRERPhaRexample
. an _exanple in which tube paths are added so as to be
in phighndinbel daths tare vadiedi pgroppdéchdari tohithe vibrating

case. The added tube paths undergo tw sting vibration
diréytidendi nhie baatiamd dihwadrellandapdrfsg . Actcdlakhyws an example
however, the bending vibration is often also

in wHikRgabedpathktlarts dddd8utBedpdt hstrddadexif@les, the tube
vibrating direction of the end parts in the U shape

pach? ALY UL B LEEad BTpy BB, vibracion
Fig. 4. Fig. 4 (b ip which tub
BRI R ER TR IEIRE —

direction in this case and inwardly, and Fig. 4 (c)
dersyvrmhsi zom ekbdpl (0] n MHigh (Ul pdidesigdy ¢ ddedow structural
outwardly. In all exanples, the tube paths added
exanpbes gderiwetli igomi Pigti drichy t he bendi ng vi brati on
of the end parts. Figs. 6(a) through 6(d) show

St reed wriadr exep | Eisre derdry @F thenefiigpaA€9)in RiHES 1oop-shaped
7(a) through 7(f) show structural exanples derived

cord £95 Bele, fleh TE SUPLLID USSR ol S s sons

in gﬁ&%‘?an?é“éxf& eggl Eggl.nS(?g?o:SLIst Se‘:jri:rere:l%tilcg %r to the plane of

is

Fig. 5. Fig. 5(b) shows an example in which tube paths are added
perpendicularly to the vibrating direction in this case and
outwardly, and Fig. 5(c) shows an example in which tube paths are
added inwardly. In all examples, the tube paths added undergo
twisting vibration by the bending vibration of the end parts. Figs.
8 (a) through 8 (k) show structural examples derived from Fig. 5(b).
Figs. 9(a) through 9(d) show structural examples derived from Fig.
5(c).

Of the structural examples shown in Figs. 3 through 9, the
one shown Fig. 8 (b) provides a satisfactory Coriolis force detection
sensitivity. In this structural example, the fixed ends on the

upstream and downstream sides are in close proximity to each other

20



in the sane axis) of Fig. 5(a) is perpendicular to the
plane of Fig. 5 Fig. 5(b) shows an exanple in which
tube paths are added perpendicularly to the vibrating
direction in this case and outwardly, and Fig. 5(c)
shows an exanple in which tube paths are added

in thepatams planey |ansdip eymber afiljeimes Hhatdddie tube is bent
undergo twi sting vibration by the bending vibration

is sofaltlhemakdngaitspo$s fjsle B apkiehthegtuBé kjrsdumancy relatively
structural exanples derived fromFig. 5(b) Figs. 9(a)

high hrough 9(d) show structural exanples derived from
Fig. 5 (c) . O the structural exanples shown in

Fi g8, ﬁ%f{HGWQQ%br?ghg C?Pfo§§%m@lghﬂet§r(q% %@ﬁ% d€Sipration

a sati‘stactory olI's Torce detection ~sénsi

n this structura th on the
Leakghs AsmT hAHouEAE PAAPLuAe Shew, kg 3&%%99 in which
to each other, 20 in the same plane, and the nunber of
tergigipg Made dmve ke 9ifastiad I anden tow@eavyd tthe requisite
possi bl e to nake the tube frequency relatively high.
instimnentakelranor perfotoanoti € fd oansteri ary woidehvibration type
vibration |eakage is mtigated with a single flow

Cor idbies $lowkiated )aNndhieNT VWh £hed lir f @fuir 401 Ghowd £ Fig. 8 (b)
effected in order to secure the requisite

is dYIB Al Ws@%h%%&?]@ic%ﬂfucﬁ: lt %'xtal lye ?fj%dhlch the

vi bration type Coriol ownet er
cen O A % SO B 50 Q{Sf?:dlg% foinicy
of tinier %i?sggl Ser?ogy%affldn& r;.ttopg\éwsﬁallre]gtgtl[gguscé r'lrltbq'atlon leakage.
To define the geometrical conditions thereof, an illustratiopw»ill
be given with reference to Fig. 10. The specific geometrical
conditions for this flow tube configuration are as follows.

In a flow tube extending perpendicularly from the plane
containing the inlet port and the outlet port, assuming that the
width of the flow tube (i.e. the width of the flow tube body part)
is W, and that the height of the flow tube {i.e. the height of the
flow tube body part) is H, the aspect ratio H/W is in a following
range: 0.03 (which is determined from the tube bending radius,
vibration frequency, etc.) < H/W < 1 (due to the adoption of a
laterally elongated configuration since angular displacement can

then be easily imparted to the added tube paths described below

and, further, since it is necessary to increase the fredquency to
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of the fixed ends, making it possible to reduce
vi bration | eakage. To define the geonetrica
conditions thereof, an illustration will be given
with reference to Fig. 10. The specific geonetri cal
conditions for this flow tube configuration are as
makd olt oswsi¢en bofbbhiainbae phkeeaddadfpeeperdi.cul arly from
the plane containing the inlet port and the outl et
porthe dssr Ddmihabfttiee natdidogf théeulfdiﬂwﬁ dbetké . Bixed ends
the width of the flow tube body part) is and t hat
£ t t owjtybe+fk. g )t
O e ribe body Banpy Lt Hhe Beakel Ve BheFR) 8, sne i

e: 0,0 Lch is, deter ned ron1t
g V{)l%wbeﬁedq%g 120 gL pERerr B ARG 1o pecone
ue t he ad ptlon of _a laterally elongated
Smaléo‘%ﬁ thisn tebfc8 1aR§hrEr Dai 3 derdrdiiPropt 1ot mbper limit
easily inparted to the added tube paths described
of Wid b WA, 200r imeriewodcthetrigidictesfathetent hee dblsws tube,
the frequency to 21 nake it easier to obtain a phase

freqlidifer crte).. Foethewprwhenithofuppke Lohid 0 ddieiwal BRhrough
w at the fixed ends of the added flow tubes (i.e. the

FEM Qﬁh!l ?Q ikets payisyr ik ddherfib %nvtéibﬁdﬂ gk ti>e\{¥¢:i3§1gléi§QBlac:emc-:ant

005) since the wi dt h w does not becone  snal

b rdat
oe i abesghe 0 pye g P RGP ERL Hh—
the entlr f.l ow t ube, uenc etc.  Furthe when |
and {the fssa Y it Brogesnba G4HOTFEM dhSPyacEMERt in the
0.48 or Iess t he conversion of bendi ng di spl acenent
vicigritpheo £ | et dblecqcht endagul hugi s gibe efendif 08t fieg ad/W was

efficiently,
determined as follows: 1/200 (= 0.005) < w/W < 0.48,

In determining the length ht of the added tube paths under
the above condition, the following were selected: w/W = 0.19, H/W
=0.21, W/D = 48.68, and t/D = 0.046, and the optimum value thereof
was determined through FEM analysis. Thus, it was found out that
when the ratio ht/H of the height ht of the added tube paths to
the height of the flow tube (i.e. the height of the body part) H
is approximately 2.50, the efficiéncy in the conversion from bending
to twisting is satisfactory, and it is possible to obtain stable
characteristics. Further, it was found out that when ht/H is 2.75
or more, the bending rigidity of the added tube paths, that is,
the leg parts, is reduced, so that it becomes rather difficult to

obtain the requisite tertiary mode vibration for the flow tube.
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and the result is proven by the reduction in
di spl acenent in the vicinity of the fixed ends. Thus,
the condition for wWwas determned as foll ows:
1/200 (= 0.005) < wWW< 0.48. In determning the
| ength ht of the added tube paths under the above
On emdethen, hand, f BheohpPrgrwbivisebfchédH whw bed.akd,follows: O
HW =0.21, WD = 48.68, and t/D = 0.046, and the
< hipfifi miensl wdridetydf < s atet e rad iUl EME ht is 3D,
analysis. Thus, it was found out that when the ratio

whidh /i3 @het BamBehghthd1tmiofiriie vaddedorUPRe RS A9 rddBis, ht/H
hei ght of the flow tube (i.e. the height of the body

; )= {s a [ el +2Q, t etfigiency Jnthe .
s jg/g%g/erg'odné?rgﬁlnﬁb@én |Elegc¥J ght%\?'\nos :}%gr ihs‘g@a%%sfaasctrk&laows' 0 <
nd. it ds_possible o obtain stable, characteristics,
nt/iEX 2,08, RGELE: ok inin: CoRaTt MRl e m: T0 LOwS:  §506 < ht/H
nore, the bending rigidity of the added tube paths,
< 24hat is, the leg parts, is reduced, so that it
becones rather difficult to obtain the requisite
t erfiearabawelecandii midron Wkl tihe disrussbd. in2f008 tHeeail.
ot her hand, the lower limt of ht/H my be as foll ows:

0 Reddrdindlefies drnendy R 8P RnErt fRe MENLFURLKEL U rom the
of ht is 3D, which is the sane as the m ni rum val ue

vioflobbe choof vt PR HEONSD 00 TOHE ol corese
soe By LIS SBELMLCRUALILEN £ 45, FPLLOIEL 0,00, I B o
detail. Regarding the bending radius R of the flow

as at%%r}dqpam t ever, it has been known that, from the viewpoint
of practical use, substantially no problem in terms of pressure
characteristic for a Coriolis flowmeter is involved when R is
approximately 3D. 1In view of this, the lower limit of the bending
radius R of the flow tube is defined as 3D or more. Here, regarding
the condition for the width W of the flow tube, since the distance
w between the fixed ends is not less than the tube diameter D
considered as a reference, 13 < W/D (see Fig. 11). Further, the
upper limit of W/D is preferably in a range of W/D < 200, in view
of the rigidity of the entire flow tube, frequency, etc. Thus, 13
< W/D < 200.

Regarding the condition for the height of the flow tube (i.e.

the height of the body part) H, a lower limit thereof is as follows:

6 < H/D, where D is the tube diameter. From the viewpoint of the
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vi ewpoi nt of resistance to pressure, the Hi gh Pressure

Gas Storage Society provides the fornmula: R= 4D (D

represents a tube dianmeter) as a standard. However,

it has been known that, fromthe viewpoint of

practical use, substantially no problemin terns of
rigigtidsswie thehdilaet drilkst ias fowha16Qr ifeleigaiehlcoymetter. ,i $he upper

i nvol ved when Ris approximately 3D. In view of this,

limitthe fl awer ilsi prefeirathe hendi pangbadiiyp R 96 thedd 0w < H/D <
tube is defined as 3D or nore. EE regardlng the

50, condition for the width Wof the fIOM/tube since the
di stance w between the fixed ends is not |ess than

t he tube d|a ter, con dered ;as a referenc 13 <
w BeEe i TRe iy b FORE 15 Rda2d BabS aife b wdagrarte)
preferably in a range of VVE)< 200, in view of th
at thegifdref §ndshe Wi cOMSisipnashaithy dgeddpw dube width W as
Thus, 13 < WD < 200. Regarding the condition for the
a relfeirgm:eof stiheef tbe wildEh(w. does trhet hedginte dfedshehaodyhe tube
part) H a lower limt thereof is as follows: 6 <

diamdter vheaadDthe tppetubemdt apEtw/D iH PPdMara8MAel fhe range
of the 23 rigidity of the flow tube as a whol e,

of Wf/beg%'@yﬁr(ﬁﬁ cf:h’ W%Wﬂ?ﬁ?ﬁ: og %%Vpigwgﬁy%frt@fee%ﬁmi%e flow

|n a range: 50. “Thus,

tub%f g#l@?*ftyhefewf:dt "B AU A P B pThe dover

e flowtube wwdth Was a reference, since the w
hm% A8cinnbhe g 95200 frafl/PheSthte Ddr el EL)/ZQHdtO 005)

the upper Iimt of WD is preferably in the range
< w/W. When the upper limit as obtained through FEM analysis is

0.48 or less, the conversion from the bending displacement into
angular displacement of the flow tube is effected efficiently, and
the result was proved also from a reduction in the displacement
in the vicinity of the fixed ends. Thus, the condition for w/W was
determined as follows: 1/200 (= 0.005) < w/W < 0.48.

Here, an illustration will be given with reference to Fig.
12. Fig. 12 is a conceptual system drawing showing an optimum
geometrical condition as determined by the ratio w/W of the width
w at the fixed ends to the width W of the flow tube, and by the
ratio ht/H of the height ht of the added tube paths to the height
H of the flow tube. Here, a case is shown in which H/W = 0.5, In
the drawing, the optimum geometrical condition is framed.

Fig. 13 is a conceptual drawing showing combinations of the
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of WD < 200 fromthe viewoint of the rigidity of the
entire flow tube, frequency, etc., the width wis
1/200 (= 0.005). The lower limt is in the range of
200 < WD, since D=w, and 1/200 (0.005) < w W Wen
the upper limt as obtained through FEM analysis is

varlgeltgéfﬂﬁtljl eﬁsanahfehgompg';cogi g&oweh%l%wd&{ﬂ%e. ( Dashed lines

acenent 1nto angu pl acement” of

tube is effect efficiently, and, the resul.t S . .
Xt et BT TOR o SR IS I HEHS e SERB AR oRg, 1n which
the vicinity of the fixed ends. Thus, the condition
the {a5Pf W Ka$1odé/dt M febhas spaelowds Hhepodgshedodspes extend
W W< 0.48. Here, an illustration will be given with
downwd Bd Eyiceo t bh&i gight?. tkegreldtiseadinrpepbnawishstrempect to
drawi ng showi ng an opti mnum geonetrical condition as

the detiek PP bYidd¥eedsdd 0 Widhof thdle gecitdtrwaat ‘@ figuration
fixed ends to the width Wof the flow tube, and by the

rem%%g‘ﬁ%?%‘é]? Q%fléhe hei ght ht of the added tube paths to

of the flow tube. Here, a case is shown

in ich HW= 0.5. 1 the draw ng, the_opti
god T (K SR Goah P <GP 93208 aRd"® < r/D < 50,
conceptual draw ng show ng conbi nations of the 24
the \agnectk Wwakiie W/Ahd & Hé! eilgitl oMigy e@de oW Q& H/W < 3.85,
Dashed |ines extending dowwardly to the right
Te inciiease tbebifnathensyi andhimalke tile emsypeet tat obthlill/ a phase
Is the sane. As the dashed lines extend downwardly to
diffdendg) b, 1dterdel pblvAgd tBEUI gl it igs peGfedlirdde Thus,

fl ow tube increases, with the geonetrical
the SN SYRLIQN ARG WA’ §8¥8to 1. Thus, 0.03 < H/W < 1.
In determining the ratio w/W of the width w at the fixed ends of
the added tube paths to the width W of the flow tube, and the length
ht of the added tube paths, the following values, H/W = 0.21 and
W/D = 48.68, and a material SUS316L satisfying the above conditions
are selected as the geometrical conditions, and the optimum value
thereof is determined through FEM analysis,

Fig. 14 shows the displacement and the angular displacement
at the neck portions A and the portions B near the fixed ends with
respect to the width w of the added tube paths as obtained through
FEM analysis. The positions of the portions A related to the neck
portions A and those of the portions B related to the portions B

near the fixed ends are shown in Fig. 10. The horizontal axis in

Fig. 14 indicates the ratio w/W of the width w at the fixed ends
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From the above conditions, 13 < WD < 200 and 6 < H D
< 50, the aspect ratio HWis in a follow ng range:
0.03 < HW< 3.85. To increase the frequency and make
it easier to obtain a phase difference, a laterally
eIongated configuration is required. Thus, the value

to the | vidghplr af ?ﬁfte wekoWetubg . 1. Ashas, typiomk egkgmrle of the
In determning the ratio w Wof the width wat the

geonfd txeidcaehdsongii t idre addetbpede pmtis dbH HAR witdtz2i Whaf a ratio
the flow tube, and the Iength ht of the added tube

ht/Waihshd heifgid oW RE ldesiddd Wb pdkndo WHa height H of
48.68, and a material SUS316L satisfying the above

the 398 LhBBSor & & Sl %gn‘%%evhha?u Pﬁﬁa rd es. The amplitude

condltlons and the opti er eo

ot tfELI R B s gyen £ aﬁaﬂaeﬁ L ﬁenéﬁfncavﬂ%ﬂlﬁeéﬁcement

portions A and the portions B near the fixed ends wth
amowné's@etcttl%% Rl thens By eearhehadfégedupedpai fsmasute, and is
obt ai ned through FEM analysis. The positions of the
repuemdntet af regllatmrbd cdrhe ineck. [Fdwet rand cAwadd otthabe width w
of the portions Brelated to the portions B near the

at thiexedxe@denasetshoM8 widfhow JP. ther 1 itipe dlasd¥hyied from
in Fig. 14 indicates the ratio wWWof the width w at

0.0 h& fdxd ends 25 to the width Wof the flow tube. As
a typlcal exanpl e of the geonetrical condition an

{ { ht/H o
el hBb bfcBhett et ekt frd ac hattgne 1 gpriuenced
he flqw tube of 2.42 were adopted as fixed val ues
by thfe ratde Pddle oTofhenwintbu v afethe fhserdacnrs| tenagel yidth W

1 mm Since the displacenent
of the flow tube. As thewidth ratiow/W increases, the displacement

increases from 0.024 mnm to approximately 0.4 mm., On the other hand,
regarding the angular displacement of the neck portions A, when
the ratio w/W of the width w at the fixed ends to the width W of
the flow tube ranges from 0.02 to 0.58, the angular displacement
of the neck portions A ranges from 0.8° to 0.85°, that is,
substantially constant. Minute observation, however, shows that
the angular displacement is reduced when the w/W is approximately
0.2 to 0.48.

The displacement at the portions B near the fixed ends (of
which the positions are at a distance of 1/4H from the fixed ends)
{represented in the drawing as enlarged ten times) is as small as

approximately 0.006 mm when w/W = 0.02, but gradually approaches
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anount at the positions B near the fixed ends is
mnute, and is represented as enlarged ten tines. The
ratio wWof the wwidth w at the fixed ends to the
width Wof the flow tube was varied from 0.02 to
0.58. The di spl acenent of the neck portions Ais
a figeshtialusfdfuédnddd mbywhee wdWi bnot¥éséstbe akttébnwaaralue of
the fixed ends to the width W of the flow tube. As

appidieinatiéDyrat 19, WOl ity @asrs: Hdei,ditgRl 3eBERr displacement
i ncreases fromO0.024nm to approximately 0.4 nm On the

at t‘PztethJrEi‘Bﬁs B fzO8f Qh@gfiﬂgdaé}gﬂi ﬂ\'}o\f%'/%&c tasqh"g{gvavl'?édrtlﬁ{%vig depend

neck portions A when the ratio

t fixed ends.to th idth.Wo he flow.tube .ra S
on WIE Bt C9s TRRpEEsOR Lh b 1 8h 8 on SebraRi MR AT .

neck portions A ranges from0.80 to 0.85, that is,

sudRam irmdurtders danvibppidos bp3kagat pRA, a HoR@yekion in the

shows that the angul ar displacenent is reduced when
strese at Whs wpprakiomtkbye PoPttiiond, 48t Ibeimportant that the
di spl acenent at the portions B near the fixed ends (of

displH&dindite J10shbi PHbt 868s & ndadi shanCisef ehtidHshbAMUINE small,
fixed ends) (represented in the drawing as enl arged

s0 t%/%@:v Ehg‘_ig%?i af %:gorﬁ-g%"uﬂaj]ﬁ £0RPRYR*] L8l ?é%lgwg‘?% FEHWNED o 005)

appr oaches i xed val ue
< wfq)él 15, mm when w/ Wi ncreases to attain a val ue of
approxihately 0.48. On the other hand, the angul ar
dizg!acenent at the portions B near the fixed end

dodsiFot Subfs dhotgly Ifeidnshash thenasgulits of Fﬁi analysis

suppressed to a | evel of approxinmately 0.10.
of tertiary mode drive models of the T-shaped tube. The drawings

show the maximum amplitude conditions when the length ht/H of the
leg parts of the T-shaped tube is varied, with the end portions
in the width direction of the flow tube being at a fixed amplitude
of 1 mm (depiction of the amplitude in the drawing is somewhat
exaggerated). Here, the aspect ratio H/W when the width of the flow
tube is W and the height of the flow tube is H, is 0.21, and the
ratio w/W of the width w at the fixed ends to the width W of the
flow tube was a fixed value of 0.19.

In Fig. 15(a), ht/H = 0.50; in Fig. 15(b), ht/H = 0.75; in
Fig. 15(c)}, ht/H=1.00; in Fig. 15{(d), ht/H=1.25; in fig. 16 (a),
ht/H=1.50; in Fig. 16(b), ht/H=1,75; in Fig. 16(c), ht/H = 2.00;
in Fig. 16(d), ht/H = 2.25; in Fig. 17{a), ht/H = 2.50; in Fig.

17(b), ht/H= 2.75; in Fig. 17(¢c), ht/H = 3.00; in Fig. 18{a), ht/H
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For a reduction in vibration | eakage and a reduction
in the stress at the vibration base portions, it is
i mportant that the displacenent at the portions B
near the fixed ends should be small, so that the

mum condi i on wWis a folloms 1/ 200 (=
= 40(%)052)n d Ry & Olélgb ) FiBE/H15(8) OPRr ough 18(b) show
the results of FEM analysis of tertiary node drive
nodd sogpares Tithapee qasss imhehdchvigvalsleowfthe/H is less
maxi mum anpl i tude conditi ons when the length ht/H of
thart he. 00 egipattie odsé hef TFshaped (hpeihswrachedt /w £h4.00, and
the end portions in the width direction of the flow

in thehe bbb A ig. figgs*) ANR \hYER htofy 1 Em@d dEHbCﬂr?@alo ortion

the anplitude i'n the drawing i s sonewh ‘exagger at ed

oc A RIS 8 3000 R D o iy orce

IS 1 th ratio wWof the wwdth w at_the

is gf%%?efdazfe% t‘ﬁéf%%*% ARG aF h31SPI BGFRERE WlsNaa Tlow tube
fixed value of 0.19. In Fig. 15(a), ht/H = 0.50; in

vibrgtgs 135¢ b¥hehflpw=tgbes;0f na ppgloj,as( (f)lomrhatt/em,_ so that no
1.00; in Fig. 15 (d) , ht/H=1. 25; in Fig. 16 (a) ,

Cor iltVit fokceb@s genérgtedbtliibpughhddth Fldl fcvdniertt @ f the flow
(c) , ht/H=2.00; in Fig. 16(d), ht/H= 2.25; in

tubeFiadon¥’( arhut/ bhs 2a5@; oanEbg 18:¥3)(bln: wHH:h' Rt/H = 4.00,
2.75; in Fig. 17 (c) , O; In Fig.

(a)
and R Iﬂ‘1927 18 @Oo’lrﬁ%l& Fn@%w@%%o,hté%e 01% O%H.ﬁgble for a

corrpared W he cases | ich e va
Corlﬁﬁ han 4c in the case of Fig. 18(a), in which

When ht/H is increased, and the added tube paths, that is,
the leg parts, are elongated, the two nodes in a tertiary mode
vibration move respectively from the linear portion of the apex
toward the fixed ends on the upstream and downstream sides. The
positions of the two nodes pass the maximum width portion of the
tube between a stage where ht/H = 3.00 and a stage where ht/H =
4.00., With this condition as a boundary, when ht/H is small, the
two nodes of the vibration become closer to the linear portion side
of the apex, and when ht/H is large, the nodes of the vibration
approach the fixed end side on the upstream and downstream sides.

Fig. 19 shows the displacement amounts and angular
displacement amounts of the neck portions A and the fixed end

portions B (situated at a distance of 1/4H from the fixed ends,
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in the case of of Fig. 18 (b) , in which ht/H = 5.00,
the linear portion at the apex of the flow tube is
scarcely deflected. A Coriolis force is generated
only through angul ar di spl acenent when a fl ow tube
vibrates as the flow tube of a Coriolis floweter, so
thei Fpiahbve cbisbancef brel the fdmst Ande varyigle/psesl Félg. 10) in
novenent of the flow tube alone. Thus, the case of
theFTgshdBéd) flowm wibedh dft /tHe AnRds i cazd aef shbgn 1B(Pilgs. 15(a)
in which ht/H = 5.00, are not suitable for a Coriolis

thrbhonnet e¢) ebtdiddd THRRILATEN aﬁﬁ@ygﬁg adphes di@ﬁlacement
paths, that is, the leg parts, are el ongated the t

amo?ﬂggsoﬁe tl"llxl ?rﬂ‘@{cyngmgen \é' br t' oﬂ)&?cyeeﬁ§§p%§‘tel \frﬁ%lte, and

rom-t portion o he apex owar
ends _on_the upstream.,and downstream si.des.
the B g0k s e R A e L LR kR F i rR AR GREation. The

portion of the tube between a stage where ht/H = 3.00
aspe@l Bakiadd/ Wy & MY Hand £heo rawiohwyHi efcbhdi vidhhaw at the
a boundary, when ht/His small, the tw nodes of the
fixed lmrats ¢o bbeonbdth dsef tioe tieow itmar ipx tiice s va@ueobf 0,19,
the apex, and when ht/His large, the nodes of the

The Vidlaéi 68 hapRr Rashihbeehis¥gd seR@wSisde ront e JPtd eamo .
and downstream sides. Fig. 19 shows the di spl acenent

amapnds and @ ggﬂ%%;lﬂt?ﬁ'e Eﬁ%&egggungi»{) %nf% 50, the

portions A an xed en portrons at ed at

i st ERE Grllouhb U CHECK IRRY T EF JhryicRsa S G971y from
0 m“bho‘()d%epnt he L. Shagggugdov\é\llut_g}?%st/% —tzhesgl(%enshu%r)]slsasexceeded,
the displacement amount increases abruptly, and when ht/H = 3.00,
the displacement amount is 1.55 mm. On the other hand, the angular
displacement amount at the neck portions rises abruptly from 0°
when the value of ht/H is increased, and when the value of ht/H
is approximately 2.50, attains 0.83°. Beyond that level, the
angular displacement amount is reduced abruptly, and when the value
of ht/H = 3.00, is reduced to a level of approximately 0.43°.

When the value of ht/H is increased from the stage where ht/H
= 0.75 (minimum value), the displacement amount at the portions
B near the fixed ends increases gently from O mm. However, the
amount is minute (therefore, is enlarged ten times in the drawing) .

Even when ht/H = 3,00, the displacement amount is as small as

approximately 0.038 mm. As can be seen from the graph, up to the
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through 17 (c) as obtained through FEM anal ysis. The
di spl acenent anounts of the portions B near the fixed
ends are mnute, and therefore are enlarged ten tines
in their representation. The aspect ratio HWis
0.21, and the ratio wWof the wwdth wat the fixed
stagmddieke tHe' Fth S omorkesprodfiapd s BPfFxethe aitage where
of 0.19. The value of ht/H was increased stepw se
ht/H rro/a.0.%0 the 8i6plavkeenthamvahte ief shppHessefdntoeasksivel not
fromht/H = 0.50, the displacenent anount at the neck

lar@of tiIons A dneneases geatdvhéf ofsan@ NERe \éﬁ?hlta&e dieiAlacement
around which ht/H= 2.50 (0.2 mm is exceeded

at t%iegﬁ%g{egaxtﬁgts g@awhé %&%%Ssﬁd@bfy%tt' Y, géa%&w%?algu& 0.23°,

I spl acenent” anount

h | | : t at th
wneihclE/ Bort 1 it AGRe P, AL TR SR e e .

. ht/His increased, and when the val ue of ht/H is
increasesd mihel yangebar adismia et Bégorkedteed | sgstantially
the angul ar displacenent anount is reduced abruptly,
lineawl whemnd heheml hie/Hot Bt 06, =i8. 8pproximeteded OL.O7S .
| evel of approximtely 0.43. Wen the value of ht/His

I naeasedt oM thesst agBeWniqu ¥ Hdi8pTlacefieRtMBE the neck
val ue), the displacenent anpbunt at the portions B

port&Hs t e { f.%xﬁgx?ﬁ% | nE{£agag gfrﬂ%ﬁ.'h/a “&'I‘sgl%@elqent aand the

However, anounf i's minute ererore, '1s en

in the d . n when ht/H = 0,
dlsaﬁ%c%%l%”xﬁsa%fer@me S 8 dr- S (i R e ends
seenfromthe graph, up to_the, 29
are §{ﬂa&,é me#feth?/%s.?lzawe%ﬁé @b%@ﬁ?ﬂ‘o%?#?lo%ﬂt‘be%lh‘é allowed

st age where
to be a relatively small wvalue. Thus, it can be seen that the

vibration in the bending direction is efficiently converted into
twisting vibration, and the displacement and angular displacement
transmitted to the fixed parts are allowed to be minute. This
phenomenon is due to the fact that the added tube paths (i.e. leg
parts) do not simply fall at the time of a tertiary mode vibration
but are displaced in the direction (i.e. neutral direction) opposite
to the falling direction as thé flow tube {(i.e. body part) is
approached (see Figs. 17(b) and 17(c)). Thus, it can be seen that
that ht/H be approximately 2.50 is the optimum condition for the
height of the tube paths added. Further, it was found out that when
the value of ht/H is 2.75 or more, the behding rigidity of the added

tube paths (i.e. leg parts) is reduced, making it difficult to attain
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ht/H = 2.75, the displacenent anount is suppressed to
a level not larger than 0.01 mm On the other hand,
the angul ar di spl acenent at the portions B near the
fixed ends is at a maxi mrum val ue of 0.23, when ht/H =
0.75 (m nimum value) . Wen the value of ht/His
thenespdaside tehtianyuicde vibphidcenentt the fledutetde. On the other
substantially linearly, and when ht/H = 3.00, is
handppHpRi fa66l, y aBd0TheVWen iffmHva 12e5f e 183 afwhich is the
di spl acenent of the neck portions A is maxi mum and
sam il L} sl h
e B T SRGP TRy HEAGHICE0,Phat ne Lower
: i t i_spl acene at the neck portiaqns. A
1:mEERE e G 20 58 - S5 ol LopEe SIS pRGLIVE GendsRon for ht/k
, 1t cap be seen_that tpe vi bration in the bending
18 ﬁ?rg%f%ﬁﬂsfsoepﬁiéigﬁ Hy<cénVerted into twisting
vibration, and the displacenment and angul ar
di shidacerentis ta angnteptdal o drhwihigxexhepaints ar tertiary mode
allowed to be mnute. This phenonenon is due to the
vibfarion kel at leshdged fUbe ol t(haRimhRddi HBI484mEAL as drawn
not sinply fall at the tinme of a tertiary node

intdyiPratiqnr tl%‘lbte,aéﬁdd5'.§pé@ﬁgga{igi%ggy%cflﬁfé& of(}l'érh ‘M analysis

neutral™ direction) opposite I ng rection

he gl o & i hed o

e F: :F%@EZVZQ%%%%%‘(&%%Q?%Hefeégii%%"%%&i‘t f&tetEin which
H i 2,50 | i

nt/R G 1 PBnCRof Hene AR gift HLEhehE (e pit PO- acligcan be seen

Further, it was found out that when the value of ht/H
thepefoydhat whes htRE berdityori npdet ythe bemaliadrddsplacement
tube paths (i. e. leg parts) is reduced, nmaking it
has bekhi pubpatatatittad the3Portions near both fixed ends. Further,
it can be seen that when ht/H is approximately 2.50, the bending
displacement in the vicinity of the fixed ends has been reduced.

It goes without saying that the present invention allows

various modifications without departing from the gist thereof.
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the requisite tertiary node vibration of the flow
tube. On the other hand, H D < 50, and the m ni num
value of ht is 3D, which is the sanme as the m nimum
val ue of the bending radius, so that the lower |imt
of ht/His 3/50 = 0.06. Thus,_ the optinum condition
for ht/H is as follows: 0.96%t/H < 2.75. Fig. 20
is a conceptual drawing showing a tertiary node
vi brhti dh Gferd Iprshapedef | vilorabéont wrReémEeriolis flowmeter
di spl acenent as drawn into a single tube, and is
comlpbss angt adt Vl czop othef EDOWFREM@Nal yiriisre HestldeS foFi @riving the
20 successively shows changes fromthe state in which

£1 6/ thise 0-25@& 52?551‘3 St LS riaR W BQtEUt'i'ogio.@eQQorEt f&fh'ﬁeetecting

be seen therefromthat when ht/His 3. or nore, t

» L A T RO PRI B i o e

seen that when ht/H is approximately 2.50, the bending
floiW shflRenent in the vicinity of the fixed ends has
been reduced. It goes w thout saying that the present
i nveghaoacherbwed Martilmis tineddiriivat demdcei dhdues the flow tube
departing fromthe gist thereof. 31 CLAIMS 1. A

bytlestd iy whdeavibnainosa typeispy nbde,f ktbwrettéle fiow tube has
conprising: at |least one flow tube, a drive device for

a Sidatdiy e y ley-tleePBEdd PaHE, UnditAL BOPair of parallel
detection séensorS for "detecting a phase difference in

r i t rd olij.s (o | NG f
1o RREEL B0 L0 RO LA T G A e of ene
he fl ow tub ‘
boéy par%s ang to be deflected in a direction substantially
orthogonal to the vibrating direction of both end parts of the body
part and to the outside of the both end parts, with fixed end parts

supporting the flow tube being formed at the leg parts.

2. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1, characterized in that the fixed end parts
of the leg parts are arranged at positions in close proximity to

each other within one and the same plane.

3. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1 or 2, characterized in that the following
conditions are satisfied: (1) 0.03 < H/W < 1, (2) 0.005 < w/W <

0.48, and (3) 0 < ht/H < 2.75, where W is a width of the body part,
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by bending vibration in a tertiary node, that the flow
tube has a substantially | oop-shaped body part, and
that a pair of parallel Ileg parts are formed to be
continuous with both end parts of the body parts and
to be deflected in a direction substantially
H iord hogogiet ¢ the v ' fecdi f ot
parts of the body p(g%?s%ﬂ%' ﬂlé){te]hge agmegllq}ggo&tqﬁgebloﬁ% parts,
i £nd bt P .part supportin he flo .
v 1sfgbfep%£e?ﬁegnfor ?ggf gﬁﬂfﬁggﬁgﬁ %grt[hse. .St&nlcgr#iag}‘@eﬁ‘o e fixed
vibrati ype Corialis floweter according to Caim
end f%a%lﬁ rg'gjtbgsrjisz@driaﬁ:"(on&’tff F%@ heighteHdopakhe bedy tpart to the
) Iegwparts are arranged at positions in close proximty
widly W REntlve nNepdyi PATH onéWahd Bheasdoe ofl ahe. fixed end width
tertiary node vibration type Coriolis flownreter
W toatberwidght® ofl dhmldody partchamacheyizes 4 wathat of hthe height
following conditions are satisfied: (1) 0.03 < HW<
nt df {3 De®OSartw/ Yo<thl. A8iqARIH(3Y @ng BLLY Pa2t!5
where Wis a width of the body part, 32 His a height
of the body part, ht is a height of the leg parts, w
is a fixed end width consisting of the distance
between the fixed end parts, HWis a ratio of the
hei ght H of the body part to the wdth Wof the body
part, wWis aratio of the fixed end width wto the
wi dth Wof the body part, and ht/His a ratio of the
height ht of the leg parts to the height H of the
body part. 33
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