DESCRI PTI ON CORI OLI S FLOW RATE METER Technical field
The present invention relates to a Coriolis flowreter
that is used to obtain the mass fl ow rate and/ or
density of a measurenment fluid detecting a phase

di fference and/or vibration frequency proportional to

Coriolis forces acting o u Background Art
In a Coriolis flowreter, %Mi@ ugh which a fluid
to be neasured flows is supported at one end or both

ends thereof, angopridrat ¢.0wWw BRPE fgTiEr @ 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
Teahplicad ifdeleferred to as a flow tube) . The Coriolis
flowmeter is a mass floweter, which wutilizes the

fact Thaabrbaén@oih%h&mf §8@8E| .\:Sdat 80%281%0%&&988&:: that

when vi bration is thus appli e
R T T T

fll nt.o wo 1%/pes in terrrs of flow tube structure: a
5 Fialdtg?ﬁt iRk 2yBbasRd i ffenenameangper Mibration frequency

Coriolis flowreter of the straight tube type, when
pProperhiraali $oafpiriied itso farstesaiagitti rtgulrey avhdises otbe .
ends are supported, in a direction vertical to the
straight-tube center portion axis, 1 a difference in
di spl acenent due to the Coriolis forces is generated
BabRgyeeRdt Aetsupport portions and the central portion
of the straight

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 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. 'lj‘he Coriolis flowmeter, which is well known, is roughlf
classified into two types in terms of flow tube structure: a straight
tube type and a bent tube type.

In a Coriolis flowmeter of the straight tube type, when
vibrationisappliedtoastraight tube, whosebothends are supported,

in a direction vertical to the straight-tube center portion axis,



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 structure. On the other hand, there
it i1s difficult_to achleve

rises a probl n that
Cﬂ%%ﬁ { SEREVE e T Wentradel ieHe It 1s generated

tube type Cbrlolls flowmeter is superior to the

bespeandgHte subpotiec Cot ¢t iasicf towrstrdrr #Ir parfivhew the straight
point that it allows selection of a shape for

tubkf echavely, obtphasagdt heefofid ol s Bgnd DrLeSobtd hddctand, based
it is capable of perform ng mass flow rate detection

onWhbshbBAsseasttivbhye KGR eXaNPl £S:9Tride el {dbgtecteq.

type Coriolis flowneter i ncl ude one equi pped wth a

Thl§I Q%%%h?wghﬂ;get&?%eclgjﬁ% %X%k&et‘]e@ O%hsu%zggrna%cirulcted has

one equ t'ibes arrangéd
ésee for exanpl e %Pqﬂfse Pat ent 2939242% and one
i bped R o GG b dse AT - Poopbl Stite hend, there
(see, for exanple, JP 05-69453 A). Incidentally, as a
aryppgihgrader fer tHakvihgie Ke ffliew lttube, achieve high detection
conbi nation of a coil and a magnet is generally

sepaptoyety. Regarding the nounting of the coil and the
magnet, it is desirable to nount them at positions

not Df fcsett rwistth fespRGi: £8bd hepd @rﬁ@ibﬁgs Cf'lro%ﬁrtét@?: i8fsuperior
the flow tube fromthe viewpoint of mnimzing th e

G e
1SRRIt SO %zvezy.o%zc%d%%pomns
forces. Infact, itiscapableofperformingmass flowratedetection
withhighsensitivity. Knownexamples of thebent tube type Coriolis
flowmeter include one equipped with a single flow tube {see, for
example, JP 04-55250 A), one equipped with two flow tubes arranged
in parallel (see, for example, Japanese Patent 2939242}, and one
equipped with a single flow tube in a looped state (see, for example,
JP 05-69453 A) .

Incidentally, as a driving means for driving the flow tube,
acombinationofacoil andamagnet is generallyemployed. Regarding
the mounting of the coil and the magnet, it is desirable to mount
them at positions not offset with respect to the vibrating direction
of the flow tube from the viewpoint of minimizing the positional

deviation between the coil and the magnet. Inviewof this, Japanese



between them Thus, a design is adopted in which the
di stance between the two fl ow tubes opposed to each
other is at |east |arge enough to enable the coil and
the magnet to be held therebetween. In the case of a
Coriolis flowreter in which two fl ow tubes
respectively exist in planes parallel to each other
Patagreiinhd Shoekhi Bisgloaerapgecralrveeion Ahghhtcholivpubeow tubes
rigidity, it is necessary to enhance the power of the
arciinyedgmpans]1sd thet notinksednecessary hbddhal doih and a magnet
| arge driving neans between the two flow tubes. Thus,

beBwdeStHBN . i sTRAOPLAk 4 i 6l dhe «d St ansenhelagest 4h8e between

f low tubes is of necessity l|arge even at the fixing

th?3%&23?%%&2@%%%9%%55%%@DQotQgcﬁgﬁéﬁe fiStJF5fééQ¥ &arge enough

I'ncrease in above-nentione
di stance_at the. fixi end portions ipvolves th
£ (e AlohF NG Brobf brhft CHBalSIte" AOdBFi BFLAcyhPReDateen.
rigidity at the fixing end portions, wth the result
t hatIvitBraadase odaRagerislipkelgvmetetcir WHRh fywpwilow tubes
tubes undergo bending vibration to cause vibration

redpakiagedly Orishe op hene handalile lithee gsohsthectaraiwiasch exhibits
di sclosed in JP 05-69453 B, in which a single flow

a 1k#Be dasl inoped hiafiothew tiebl egidi syj Aol ¥ adcedsashovlenhance
in Figs. 11 and 12, it is necessary for a bent tube

i | e a.fi cugv
b e 0P a5 el chETRT Ve Hlat B Ehoh g oapy to hoe
uch a, sharp bendi n is to,be effected, .

2 T AaRr T Br0S BERKE A GhGY FiRTher Thus, a design

. there is a problemin ternms of the resistance tq ,
1sEg@gg9ﬁégﬁh*%@ﬁ@q@ﬂﬁ%ﬁhcebetweentheflowtube51sofnece551ty

large even at the fixing end portions constituting the roots of
the flow tubes.

However, an increase in the above-mentioned distance at the
fixing end portions involves the following problem: it leads to
a deficiency in rigidity at the fixing end portions, with the result
that vibration leakage is likely to occcur (The flow tubes undergo
bending vibration to cause vibration leakage).

On the other hand, in the construction as disclosed in JP
05-€69453 B, in which a single flow tube is looped, another problem
is involved: as shown in Figs. 11 and 12, it is necessary for a
bent tube portion 101 to exist between a first curved tube portion
102 and a second curved tube portion 103. If such a sharp bending

is tobe effected, the manufacture is rather difficult and, further,



Di scl osure of the Invention 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 Coriolis flowreter which involves m ni num
positional deviation and is not susceptible to
vi bration | eakage, and which is easy to manufacture
tNERE bF ovPaes IRMghdLR BT 19T heTseal FARRCENECOBF @88UBE Of thehe
the present invention, according to the present
tubagention, there is provided, as shown in Fig. 1
illTustrative of its basic construction, a Coriolis
flowmeter 11 including: a nmeasurenent flow tube 1
including first and second curved tube portions 2 and
pide bBELI LFL LRUMYROchbEnpor tion 2 having a first

inlet portion 4 through mhlch a neasurenent fluid

flo in and, a e ortion 5 thr
the' heablrBRBse it Hhenbe Bl sabbR i 0k Ve provlens

. tube portion 3 having a_second inlet portion 6

inthEoRgho Wairch t he 1feal Ghamsit o f thiede ¥ ¢ oaRt iimvend ign to provide
second outlet portion V through which the neasurenent

a €oupidlisosowutfer ardich fliiwionlgeremberin8im \whisdhi ligial deviation
situated in a mddle position of the flow tube 1 as

ang8ees ndt phavegtewlandd oivhbehohheebkhgt,i Bhatwhich is easy to
portion 4, the second inlet portion 6, the first

maﬂHEE@EuPQrghanrév1an LhgnseaeRd; Oyklet portion 7 are
fixed, the Coriolis floweter 11 being used to obtain

at l'?gscllttoz{]lel} &Eled gﬁroug t éat erggéjn dens%y n, actcoferdlng to

nmeasur enen ion 0 exst onie
phase di fference and a V|brat|on fre uenc

thﬁréﬁﬁ?ﬁP&nﬂn%%Pﬁ%ﬁP CoRFBPi < 5f diRpEt n@soﬁqﬂﬂ? in Fig. 1

first and second curved tube portions
illustrative of its basic construction, a Coriolis flowmeter 11

including: a measurement flow tube 1 including first and second
curved tube portions 2 and 3, the first curved tube porticn 2 having
a first inlet portion 4 through which a measurement fluid flows
in and a first ocutlet portion 5 through which the measurement fluid
flows out, the second curved tube portion 3 having a second inlet
portion 6 through which the measurement fluid flows in and a second
outlet portion 7 through which the measurement fluid flows out;
and a fixing member 8, which is situated in a middle position of
the flow tube 1 as seen in plan view and to which the first inlet
portion 4, the second inlet portion 6, the first outlet portion
5, and the second cutlet portion 7 are fixed, the Coriolis flowmeter

11 being used to cbtain at least one of amass flow rate and a density



2 and 3 by vibrating the first and second curved tube
portions 2 and 3 with the first and second curved
tube portions 2 and 3 being opposed to each other,
wherein, the first inlet portion 4, the second inlet
portion 6, the first outlet portion 5, and the second
out | et ortion 7 _are fixed to the fixing nenber 8
of ok® FRaPITEREN; fhBad Lhesughe dgfrghden ri Ge l€aft one of a
pl ane, the first inlet portion 4 and the second inlet
Phaoet Hok Lerpacag aadr angedb 1 at omohr panand el psepbetisneh to the
that a di stance therebetween increases with increasing
Coxepai s rer daoacthed dxittg merberaBd sardrichatirtrhe fubsStoortions
outlet portion 5 and the second outlet portion 7 are
2 &danged bk iy RHAl 4 Bl st Shil @ RU6h At B ANS tions 2
t herebet ween increases with increasing departure from
A X : t [ kS nd i _nl .
o tiidts F Shach 2 Tt rarany 8B Ha  Bubhe 2 ana 3 veing
ortions 5 and 7 being fixed. so, as to_be arranged
oPEGHH T RAFF P LiEd WREFEI P, 6 Chanbd PBeTRRELOR , the second
. respective driven portions 10 of the first and second
in ke X tilse 6.pbhei BhssP andl St ipordn@n & &hdntle second ocutlet
di stance between respective portions thereof
poxfttormettary fpordd drs thea)f icontd meae: rwist Budhe tdimitventheir tube
portions 10. Further, to attain the object of the

axd¥ esenbiraveRid 9, thbedne ISl HOVirtedri ag+SPOWBt ifbrtion 4 and
Fig. 1, a Coriolis flowreter 11 including: a

el ud; i rst. and
ORI Bl DI PRLL  BEI g o1 state
inl et portion 4 throu

SaGhi HE Racth DU | FUREPREOUE T HNG S oFT T ot gut fBEreasing
de E?l[’[!_:l!'l]:(‘)en f?’otmhtrlgg%rj].xvi\@ligcnr\]elggeer %%aefryc{ %lqggttgé l%ii?:sftl c?&l\ilzslet portion
5 and the second outlet portion 7 are arranged in a non-parallel
state such that a distance therebetween increases with increasing
departure fromthe fixingmember 8, thefirst andsecondinletportions
4 and 6 and the first and second outlet portions 5 and 7 being fixed
80 as to be arranged symmetrically, and wherein a distance between
respective driven portions 10 of the first and second curved tube
portionsZ2and3issmallerthanadistancebetweenrespectiveportions
thereof (connecting portions 16a) continuous with the driven
porticns 10,

Further, to attain the object of the present invention, there

is provided, as shown in Fig. 1, a Coriolis flowmeter 11 including:

a measurement flow tube 1 including first and second curved tube



out, the second curved tube portion 3 having a second

inlet portion 6 through which the neasurenent fluid

flows in and a second outlet portion 7 through which

the neasurenent fluid flows out; a fixing nenber 8

situated in a mddle position of the flow tube 1 as

seen in plan view and to which the first inlet
Pl t3h 4,2nhed sedond irist eurperd itoiwed potrhe ofi PShaving a first
~outlet portion 5, and the second outlet portion 7 are
ifltedromniba £aneatdMgHie Palcbison chePtO¥198H f1lows in and a

between the first outlet portion 5 and the second

firdtetopordt 6 5 ' the . tir et :
%ortfgn 5 a%g)tﬁé secg%%QﬁnlgggﬁggtF%ﬁ ﬁ%?gﬁkgﬁent fluid flows
ri-Ql.i in sed obtain at |east _
Cngﬁe%gf §3£é§ss %ﬁ%ﬁ%%ggg:%%ﬁgéoaé%gﬁﬁ§n8faf?%90n inlet portien
¢ reasur negt qu%d through detection_of at |east one
TGNt B LG Fiat s g ek it dAowsr ity second outlet

proportional to the Coriolis forces acting on the
PAtHOn TahBroegbndheohvie tudesporméng 12 ighd 18wy out; a fixing
vibrating the first and second curved tube portions 2

megype 13 Bubtihubliedf inss midkd beoesne €isy et theb@1Bf £18RS1 a5 seen
2 and 3 being opposed to each other, wherein the first

in plen pdrdd ehdttd heisecand 18l pl%lif@ﬁ)ﬁ@%f(ﬂ? {, the second
con outl e porti

irst outlet portion 5, and the se on
inledr 8obbxgd §0 E}ﬂaeff'i itn €L ﬁ'su that; the

first inlet pbrtlonlfébn ugﬁng LBntCT il et o PEoRECENd outlet

ryanged. in.a_ngn-parallel state such that a

L ToTonkE RoeaR T Tad LRSS aPh R A e Rgovided between
thde&_arture fromthe fixing menber 8; and that the

Fi 'St SoutTet L Por® B B afd arKle tdecorrbaut | Btlepopbirtiion 6 and

7 are arranged in a non-parallel state such that a
Copnstrhnees thaetiohwl wedd eitnppeases Hidrhi ither €886A8 inlet portion

departure fromthe fixing
0, the Coriolis flowmeter 11 being used to obtain at least one of
a mass flow rate and a density of the measurement fluid through
detection of at least one of a phase difference and a vibration
frequency proportional to the Coriolis forces acting on the first
and second curved tube portions 2 and 3 by vibrating the first and
second curved tube portions 2 and 3 with the first and second curved
tube portions 2 and 3 being opposed to each other, wherein the first
inlet portion 4, the second inlet portion 6, the first outlet portion
5, and the second outlet portion 7 are fixed to the fixing member
8 such that: the first inlet portion 4 and the second inlet portion

6 are arranged in a non-parallel state such that a distance

therebetween increases with increasing departure from the fixing



menber 8, the first and second inlet portions 4 and 6
and the first and second outlet portions 5 and 7

bei ng arranged symmetrically, wherein the first
outlet portion 5 the second inlet portion 6, and the
connecting tube portion 9 are arranged such that their

ax re.ip.a strajght line, and wherein a
me%#%?a%éeaefg%t%\;\]@écngpgs%eﬁJf\%Jt]oerrr Vo ta6m P i theoserhad outlet
first and second curved tube portions 2 and 3 is
POSAPPef 44fam T4 a380sCait & benweerr aldspestave porh ithas: a distance
thereof (connecting portions 16a) continuous with the

tharphehwpent ilonseaBesFut theincreaat hai Aephet@bbeetoRl the fixing
the present invention, in the Coriolis flowreter, the

mepbeti HDNLHe direat hNE HOESHh@NS 168} 0r¢QBLISNK ] i
the driven portion 10 of the firs Ocurveg tgﬁgjg%%?Fthe first

and %Qoﬁ@%ﬁfié%ffﬂ‘f@ioﬁgrgia?x@d47 %Jesr%g]gasrf}{agls%a l{styl'ngetrically,

portion 5 are ornmed and arfange
portions (connecting

I to.each other, and.the _ .
WhE B Ehe ) B o BB h e B R e i S Coper frgm Abrtion 6,
he second curved tube portion 3 and the second

f t

and g COBBEC dR It aRE RHe ket Sharewat san gt suoih Thatetheir tube
formed and arranged so as to be parallel to each

ax @t REF. 1TFasthrerigittol tin¢ aiamctwies 0d reatd iGft it P& €SE8H respective
invention, in the Coriolis flowreter, the

drivem nymetbens 810Sof otnedrsubst anki 8bk¥ndl PPR€AOk uBe portions
circular configuration and an arcuate configuration

LSt bR 0B S Y o eneccos
(cgﬂﬁgiﬁﬂ@%qtfo%g 9r6gl:fdciorn1t§n¥%|uls_xlvii}ékel tlrs.:eorgrii L(Iarnatpio?:r’l'ions 10.

Further, to attain the object of the present invention, in
the Coriolis flowmeter, the portions (connecting portions 16a)
continuous with thedrivenportion10of the first curved tube portion
2 and the first inlet portion 4 and the first outlet portion 5 are
formed and arranged so as to be parallel to each other, and the
portions (connecting portions 16a) continuous with the driven
portion 10 of the second curved tube portion 3 and the second inlet
portion 6 and the second outlet portion 7 are formed and arranged
S0 as to be parallel to each cther.

Further, to attain the object of the present invention, in
the Coriolis flowmeter, the fixing member 8 is formed substantially

in one of a circular configuration and an arcuate configuration

in plan view.



Due to this construction, when the first curved tube
portion 2 and the second curved tube portion 3 are
vi brated whil e opposed to each other (In the state
shown in Fig. 1, a repulsive action is generated in
the driving neans; in the case of an attracting
action, the directions of the arrows in Fig. 1 are
revefgedner .t ke afitringthenbbie8t o6 Wheghré¢hentiistention, in
inlet portion 4, the second inlet portion 6, the
thej ¢sriolt bef l pan¢ton, Shearfd xtiley seepad DUtHRImePArt BORa11-11ke
7 are fixed, receives at each fixing portion a
coh@iguenalionstress due to a torsional vibration
converted froma bending vibration. However, as shown

in Fj e, fi i 2t _portion 4 and .the second .

i er L50r% G o CRrS e SrAl TEP Y e dott 6t RGP Sandibe port ion
he . first outlet portion 5 and the second outlet

2 %%‘rgt‘%%% Sze%?%é er%r‘Fp)%‘{ éﬁ%& PordISRcR BERefiPEfEp@drwhile opposed
Further, the first and second inlet portions 4 and 6

LoaRachhe thrr st Iandhsesbad costioan gor thions 15 andepwreive action

~in symmetrical positional relationships. Thus, when

istpeneérasedcdnvéde tiubeipor icams2 dmd thike c3@eORG G el racting
tube portion 3 are vibrated while opposed to each

acolbef, thbedi psst Dnad éﬂ'ﬂﬁ§5d¥%%u%0ihh@igirftaréryéﬂer ed), the
portion 4 and the second outlet portion 7 is cancelecfS

12¥Yn ) dyhBent ek E i Eoﬁ .
ciflnigsgncLie, 00kbe-tseg) onghioh %8 MEIE tne cecond

second inlet portion por ti
inls 31 C | by.these t As a result, _
stb tani%%ﬁﬁi %%ev¥bF3 |%%t¥§té§H3FéFb /i ANt hERE S§FRd outlet
Omsnber 8, _and the | oads applied to the first inlet _
POt tF oh %€ thi*ededdiic 1 Hieta horadhorf igincheohitrism a torsional
outlet portion 5, and the second
stress due to a torsional vibraticn converted from a bending
vibration.

However, as shown in Fig. 1, the first inlet peortion 4 and
the second inlet portion 6 are not parallel to each other, and the
firstoutletportion5andthesecondoutletportion7arenotparallel
to each other, either. Further, the first and second inlet portions
4 and 6 and the first and second outlet portions 5 and 7 are in
symmetrical positional relationships. Thus, when the first curved
tube portion 2 and the second curved tube portion 3 are vibrated
while opposed to each other, the torsional stress due to the first
inlet portion 4 and the second outlet portion 7 is canceled by these

two, and the torsional stress due to the second inlet portion 6

and the first outlet portion 5 is also canceled by these two. As



outlet portion 7 are reduced. Accordingly, in the

present invention, even if the rigidity of the fixing

menber 8 is low, and if the mass is small, it is

possible to effectively restrain vibration | eakage.

Further, as shown in Fig. 1, the first outlet portion
ortiaqn and t he connect

a ?'l%stuﬁ%,s%%%%q:énmi%tll% nogérdikg%ii}r%o{%l%er?%raateé nlgn the fixing

e portion are —arran
straight line, so that, according to the present
NEERFENPY oA EREslodbe AR 619D e €ifwd préaticepviign 4, the
and durability of a Coriolis flowmeter. Further, the
segicsfanbécbaraeehot e dihiev&nrpor bibhst 101 tsiemdl,l andsohe second
that, according to the present invention, it is
oudssi pe ttlonmniatezeedureqosi ti onal devi ation of the
driving neans in these driven portions 10. According

to ankbbshiaspect iQf et }i&x}énéi%rﬂoé%ieh' i2d) 1%119(9 rigidity

provide a Coriolis flowreter I nvol ves mn

it QF [ ati.o d which is not subject to , . .
oTiiE: £ 3R ab R0 180G A B0 Ve ARkttt dderis afpossible
" it s Eos%bble to grovide a Coriolis flowreter which _

O RvoFGES VR hERTpOdIt Y ORERLHED| ARRSAYCand W &thrY, as shown in
,Subject to vibration | eakage, and which is easy to

Figandf atb@r é1a68 provedepomitglenddratineg tspcoacc dmdiang gartion 6,
the present invention, it is possible to provide a

andorhel ¢enfi¢oieyetulbe wdichot he apduiacingal eforthitiuously in a
first and second curved tube portions is further

sttacghtt pied, ACQfH NAR NG PHSEAE HPYEBLE Ofh@ASntion, it is
claimed in Claim4,

possible to enhance the productivity and durability of a Coriclis

flowmeter.

Further, the distance between the driven portions 10 is small,
sothat, accordingtothepresent invention, itis possibletominimize
thepositional deviationof thedrivingmeans inthesedriven portions
10.

According to a first aspect of the present, it is possible
to provide a Coriolis flowmeter which involves minimum positional
deviation and which is not subject to vibration leakage.

According to the present invention, it is possible to provide
a Coriolis flowmeter which involves minimum positional deviation
and is not subject to vibration leakage, and which is easy to

manufacture and provides high durability.

According to the present invention, it is possible to provide



uniformfixation is possible in the flow tube
circunferential direction, so that it is possible to
provide a Coriolis flowreter which is still |ess
subject to vibration | eakage. According to the present
invention, it is possible to achieve a reduction in
a th!ieloviel'59Eﬁo@ﬂgtggsfhgﬂiéh%éﬁghﬁighgmto thgrffierfst and second
Description o e Drawm ngs Fig. 'S a schenmatic Vi ew
of tolis flowreter. according,.to an enbodi nent of
CufﬁggpfgégnPoFﬁ%SH?iéﬁ,fgﬁg&FﬁgfF%élB§§F@d"construction
of a main portion of the Coriolis flowreter; Fig. 2 is
a | ohgFretdindl teekhproRaRsoREnibVenhéorener &lageed dm Claim 4,
(i ncluding the casing) of the Coriolis flowreter of
unfFrgrml;fixRitgen 34 amos3Bobe eidi agreantldwr tobapariimgmferential
conventional Coriolis flowreters with that of the
dipeesent, i syerHd©Ont ofs Phkehn1E Ho Bosheus e tyPes iM owmeter
which the inlet portions and the outlet portions are
Lt ectedyt a in_t .00, ig. 3B
et he Fype T e P SR Fheoi NSt “Sort SeE %8 T he
outl et portions re directed hori.zontally as se in .
Uhe 42t hgn S fogkDe BRI BugR VAR e df RgraRESSRbwnP achieve
a first enbodiment  of the present invention, of which
a ppduchroRsip RBenvpsehFoantr 6AEL ¢ifed, CPEGol4B ifdoymeter.
sectional view taken along the line Al-A of 10 Fig.
4A, Fig. 4Cis a sectional viewtaken along the |ine
Bl-BIl of Fig. 4A, and Fig. 4D is a side view of Fig.
Brid& BegsripAldhreagbhbDoaseidyagrans show ng a second
enbodi mrent of the present invention, of which Fig. 5A

i's apr@in RAr&ihdkdMc view of a Coriolis flowmeter according
to an embodiment of the present invention, showing the basic
construction of a main portion of the Coriolis flowmeter;

Fig. 2 is a longitudinal sectional view of the central portion
(including the casing) of the Coriolis flowmeter of Fig. 1;

Figs. 3A and 3B are diagrams for comparing conventional
Coriolis flowmeters with that of the present invention, of which
Fig. 3A shows the type in which the inlet portions and the outlet
portions are directed upwards as seen in the drawing, and Fig. 3B
shows the type in which the inlet portions and the outlet portions
are directed horizontally as seen in the drawing:

Figs. 4A through 4D are diagrams showing a first embodiment
of the present invention, of which Fig. 4A is a main portion front

view, Fig. 4B is a sectional view taken along the line Al-Al of

10



view, Fig. 5B is a sectional view taken along the |ine
A2-A2 of Fig. 5A, Fig. 5Cis a sectional viewtaken
along the line B2-B2 of Fig. 5A, and Fig. 5Dis a
side view of Fig. 5A; Figs. 6A through 6D are di agrans
showi ng a third enbodi nent of the present invention,
. of i ch:Fig,~6A_i L N rti.on front iew . Fig..
FlgB %4\%’ apé &t ?SnﬁF \%i %\%c éggﬁgalvc%r%q £ %e i Ae “AS- /&gleofllne Bi-Bl
FLg. 6A, Fig., 6Cis _a sectional view taken along the
of} Fr’g@ BéE\BSang g?ﬂg. “BALSardSEFG. VéBY §TaFdfde M ew of
Fig. 6A; Figs. 7A through 7D are di agrans show ng a
f our thi @b odi ReRPughiSh heept bsemmns mrantingna ofcatd ebodiment
Fig. 7Ais a main portion front view, Fig. 7Bis a
of steet iporalenti éwveakepnal ongvliheh T ng. A A4 8fma it porftAon front
Fig. 7Cis a sectional view taken along the Iine B4-B4
viéf, Frgg. 768 aBdaFk8ct{Bnk$ 218108 a¥k@Wa®bnhl 9ne/MNine n2-a2 of
Figs. 8A through BD are diagrans showing a fifth
; enbogli e.p Lavent|on, ,Q ich Fig. ,BA _
Flg's gﬁhani?g&bog{:i %% ?r%%?g%lné\?v, %EI%J @Qﬁelgsaaoggcttlhgn%llne B2-B2
view t aken al o the line A5-A5 of Fig. 8A Fig. 8C
of; gl%' sg}gt i IR ngewgpak%naa%ﬂ@ VhEY P%eFSS- B5A7 of
Fig. 8A and Fig. 8Dis a side view of Fig. 8A Figs.
9A thtdugtPobhacalddi &§r ans dhowk ags askowiny entbddindepmbodiment
of the present invention, of which Fig. 9Ais a main
of pdret poeskendninténview, &fgvhdBh iRkig $ect sonalaid @drtion front
taken along the line A6-A6 of Fig. 9A Fig. 9Cis a
vieectional ewi ey & akeot 8b0AY Yhew! tBeeB6aBEngOthE 9:inQAn3-A3 of
and Fig. 9D is a side view of Fig. 9A;, Figs. 10A

rid hroughe 19D @(fei§x£’|Q@@EQ&ﬁfaYiGY\QWSPQ%Hgaﬂ?Qm}hEBe line B3-B3
of Fig. €A, and Fig. 6D is a side view of Fig. 6A;

Figs. 7A through 7D are diagrams showing a fourth embodiment
of the present invention, of which Fig. 7A is a main portion front
view, Fig. 7B is a sectional view taken along the line A4-A4 of
Fig. 7A, Fig. 7C is a sectional view taken along the line B4-B4
of Fig. 7A, and Fig. 7D is a side view of Fig. 7A;

Figs. BA through 8D are diagrams showing a fifth embodiment
of the present invention, of which Fig. 8A is a main portion front
view, Fig. BB is a sectional view taken along the line A5-AS5 of
Fig. 8A, Fig. 8C is a sectional view taken along the line B5-B5
of Fig. 8A, and Fig. 8D is a side view of Fig. 8A;

Figs. 9A through 9D are diagrams showing a sixth embodiment

of the present invention, of which Fig. 9A is a main portion front
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exanpl e of the fixing nenber, of which Fig. 10Ais a
front view of a Coriolis floweter, Fig. 10Bis a
sectional view taken along the |ine A7-A7 of Fig.
10A, Fig. 10Cis a sectional view taken along the
line B7-B7 of Fig. 10A, and Fig. 10D is a side view of
 Fig. 10A, Fig. 11 is a perspective view of the flow
vigWhesl Bf WP chhvenseonadnalovievi sakkowadber; thadlEng. A6-A6 of
12 is a plan view of the flow tubes of Fig. 11. Best
Fidbdr f drifarsyi hg OusetheohaveniéwnthRehhe1boll eWendine B6-B6
the present invention will be described wth
of refer efce 401 theg dremi ngsa F ge +ib§ ArSEhEMbLAC View
of a Coriolis flowreter according to an enbodi nent of
t he prese [ 1.on howi ng, t-he basic _.construction
of 5&_ rnﬂg%¥?¥%§h83'§ﬂé Tor i BIH €1 Sumet'ars Y SFSgOWg Ry another

is . a longitudinal sectional view of the central _

exanls &f?ﬁf}ﬁ:l Y TP asi f) "ot Chheleor i Bfi 5 a front view
flowmeter of Fig. 1. In Figs. 1 and 2, a Coriolis

of & swreceds1ilavmetairngFieo-theB bt esectimvedt vdew taken along
i ncludes a casing 12, a single flow tube 1

thea¢commttad e fi Aitvhel easimg .120Cai g yecdewhe® WAi%kw &aken along
sensor portion 12 (not shown) having a pair of

thevildmat ipon-mdetectr g, Seisorsndrand 16t eaPerai i riew of Fig.
sensor (not shown), a signal conputation processing
1oMRortion (not shown) for performng conputation
processing on mass flow rate, etc. based on a signa

from.th ensor _portion, and an_ . excitatiqn circuit ,
por (1181 (P SRBWRG=Fot v &Yttt hhd 1 VP afopf eonvent ional

Coriolis flowmeter; and

Fig. 12 is a plan view of the flow tubes of Fig. 11.

Best Mode for Carrying Out the Invention

In the following, the present inventionwill be described with
reference to the drawings.

Fig. 1 is a schematic view of a Coriolis flowmeter according
te an embodiment of the present invention, showing the basic
construction of a main portion of the Coriolis flowmeter. Fig. 2
is a longitudinal sectional view of the central portion {including
the casing) of the Coriolis flowmeter of Fig. 1.

In Figs. 1 and 2, a Coriolis flowmeter 11 accerding to the
present invention includes a casing 12, a single flow tube 1

accommodated in the casing 12, a drive device 13, a sensor portion
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13. In the follow ng, these conponents wll be
descri bed. The casing 12 has a structure resistant to
bendi ng and torsion. Further, the casing 12 is forned
in a size large enough to accommodate the flow tube
1, with a fixing nmenber 8 for fixing the flow tube 1
j g, ed .t her et Furt her,, .the casin
(nég ?gé{é% ?%9%8 g'ﬂ'ﬁ: gfcgfpg%ﬁglgfl SEotEiNeg SRE© ort 14 and
ortion of the flowreter including the flow tube
= QMR Gy ALY s 7O PERY fhaa%l%%hw%tatsm pgcessing
argon Due to the filling with the inert gas,
p%éha@ng § Ghasm )t KO PeWtpubeny, cemputisipneyentedsing on mass
The casing 12 is nounted to the fixingnmenber 8 by an
flapprapes) sdtec. eanssl ofhe tlighag feoheth8 senfOr Meskiivm, and an
circular configuration in plan view Although

exdesht abh %,lridulits?ﬁﬁtléhw DeSHs PN EQFittRE tfHeXéif‘Eve device
menber 8 to be of a circular configuration in plan

13Y'§glt5%”f5?%HWi§ 'Ehé?@'éﬁhﬂ&ﬁ@@gsaﬁlflf X Qgscrlbed

a rectangul ar ~ configuration i
or, shovvn L&Eg 1%OA t hrough 10D, it
f or e 5854PE 5 P FERBeIE T ho BN torsion.

flowreter 1". Further, in this enbodi nent, the fixing
Fupehesr 19 @ T bided s Toanadlin awiser L dafe ©inewadnte argemmodate
space. The flow tube 1 consists of a single |ooped
theebbow ememt ondiuih @ FiHing snealbway 8 Matr Macassamhef dlow tube
the flow tube 1 to consist of a single |ooped

1 inopduiitiocasbdesgrmdedtéa etnddo belmw Md) Kekergsesy 12 is so
to a sixth enbodi nent of the present i nvent i on), and

formeh Hdes, Be chphbit &Nﬁi’@ge&’dp g R h O Bo é gtﬂ_dloﬂ SXECRNH cumeter

curved tube portion 3 arrange SO as e opposed to

in@fl&rl]lr% nﬁ{e ﬁ%qlv %u%%nlie.ct JI‘Hg ct:gsbfngo{yls filled with an inert

gas, such as argon gas. Due to the filling with the inert gas,
condensation on the flow tube 1, etc. is prevented.

The casing 12 ismounted to the fixingmember 8 by an appropriate
means. The fixing member 8 is formed in a circular configuration
in plan view. Although desirable, it is not always necessary for
the fixing member 8 to be of a circular configuration in plan view.
For example, it may be formed as a fixing member of a rectangular
configuration in plan view or, as shown in Figs. 10A through 10D,
it may be formed as arcuate fixing members 8 " of a Coriolis flowmeter
1". Further, in this embodiment, the fixing member 8 is formed as
a wall member defining an inner space.

The flow tube 1 consists of a single loopedmeasurement conduit
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9 connecting the first curved tube portion 2 and the
second curved tube portion 3 to each other. Assum ng
that the arrowline P and the arrowline Qin Fig. 1
respectively indicate the vertical direction and the
hori zontal direction, the first curved tube portion 2
n c tub ortion.3 are for
19 gstégﬁa gggnﬁgngggFFVp PgthcoﬁglgquFﬁo%n%ﬁ anSlSt of a
boih bei ng elon ated in_the  horizontal direction,
S1FGIS LRI Cporfi &S 2 Haed 4 T fire&al#nb%%owﬂctﬂbﬁeference
4 through which neasurenent fluid flows in and a
tofarsixout ¢@boporendbnofsthir pughenhi chvepasonenernd includes a
luid f lows out. The second curved tube portion 3 has
fimsseaandd nilet ppot oo Hnd Breughdvik Ehe deademiEiion 8 arranged
luid f lows in and a second outlet portion 7 through

so WH ol mRasipemi «J | fJows ,outhg Eh%o%%%%%(itn'gngube portion
tube portion 9 is provided bet wveen ~ t he flrst out | et

9 C%q{ntc?s Iﬁge%l?l% Etl? %e88?9 Hnt{l% |onttlgl an(r:i %)%d econd curved

connec S provi

of necti ng the f irst outlet portlon 5
ol POHLGEChd FHEE CRBPET oS BUEbMaEHe btHes “f fline ® and
irst outlet portion 5, the second inlet portion 6,
theaAdreHd igGHher Filay & Tberpet i vohy dndieaterrhriventical direction
arranged such that they are continuously connected
and dget herr lizora aslt dairglatt ilonne thd4fi hs bt bervadridshe tdmttion 2 and
the axes of the three tubes are in a straight |ine.

thdhedoiidtchived p@péi @Préiohhe seeoRdrinBletup8thkh@Rally in an
the first outlet portlon 5, and the second outl et

elPﬁfEi@é‘l 7 Mk ! 4@} e t idi® thnﬁtfh' XnghnEkg@fﬁg l-%}?ge[ﬂéét in the

| et portion € second

horizontal direction.

The first curved tube portion 2 has a first inlet portion 4
through which measurement fluid flows in and a first outlet portion
5 through which measurement fluid flows cut. The second curved tube
portion 3 has a second inlet portion 6 through which measurement
fluid flows in and a second outlet portion 7 through which measurement
filuid flows out. The connecting tube portion ¢ is provided between
the first outlet portion 5 and the second inlet portion 6. 1In other
words, the connecting tube portion 9 is provided for the purpose
of connecting the first outlet portion 5 and the second inlét pcrtion
6 toeachother. The firstoutletportion5, the second inletportion
6, and the connecting tube portion 9 are formed and arranged such

that they are continuously connected together in a straight line,
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inlet portion 6 are fixed and arranged in a
non-parallel state such that the distance between
them i ncreases as they depart fromthe fixingnenbers8.
Simlarly, the first outlet portion 5 and the second
outlet portion 7 are fixed and arranged in a
i = PAr. t u hat .t.he di stance between )
n?ﬁgﬁ?ﬁﬁ%&%&%ég&%ggfﬁgygggéa?% IF%ﬁ?”Fﬁ%tP' i*ngtRehbet straight
1i8s Further, the first and second inlet portions 4 and
and the first and second outlet portions 5 and 7 are
fixed and arranged so as to be in synmetrica
posi t*enal L ¢ el ot oh sl ottet e, thes searprioe isdest fodramon 6, the
_the drawings, the f irst inlet portion 4, the second
first edupbetimrriGion e finkistheutkebnostt DAL SpoAAtot B are fixed
second outlet portion 7 are fixed to the fixing nmenber

to &lso fsiy mkewidt Bhe $amerplape;, howeyer, ; 4 he
first inlet portion 4, the second T nllet %%é?i%ﬁﬁ%%%E% second

inide _Oi]:rtsitorp'dtéifeél AU 8%2@9&9%%9 ﬁéh%:rﬁ:&ggﬁ)%g%i)fél state such

portion 7 are fixed to IXi

icted to this. For exanple, the fixation to the
thgt” i, kol Pl T Bh eriantar fch nehacopRat fron the

. first inlet portion 4 and the second outlet portion 7
P3O PRPRE Ssane 1Bl ARE L dnd ehbi rsheutilestpoutdet and the second
portion 5 and the second inlet portion 6 are in the
outdffe PPl G 15Rre tRErmedadndaaofatdedfinsst hoheparallel state
portion 4 is led to the exterior in order to allow

sudmfthaw ¢hengasuagoenbe tlded. thath tiinedd&8 4% hey depart from
termnal 4a, the termnal 7a of the second outley

SR L SRR AL b BT P et o
4 ah@r B 23 t7l'?e %ri%sltegm%utseggngsoﬁglgg oerr fgr(lj;; CSl'Ila%rd 7 are fixed
and arranged so as to be in symmetrical positional relationships.

Here, as can be seen from the drawings, the first inlet portion
4, the second inlet portion 6, the first outlet portion 5, and the
second outlet portion 7 are fixed to the fixing member 8 so as to
be in the same plane; however, the way the first inlet portion 4,
the second inlet portion 6, the first outlet porticn 5, and the
second outlet portion 7 are fixed to the fixing member 8 is not
restricted to this. For example, the fixation to the fixing member
8 may also be effected such that the first inlet portion 4 and the
second outlet portion 7 are in the same plane and that the first

outlet portion 5 and the second inlet portion 6 are in the same

plane.
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to the arrowline Pof Fig. 1 and as to extend in
opposite directions. Measurenent fluid flowng in
through the term nal 4a of the first curved tube
portion 4 passes through the first curved tube portion

2, the connecting tube portion 9 and the second
h the

curv 3 bef ow ng.out throu )

Cor menat e 10 8 SAF 3 Fr et PR0 R PR 75 (RS Forhe exterior
the fl ow of. t he neasurenent fluid, see the arrows in

Ingppdenyto gl qy At lqyy pedreasargsenitonl pifas, Fitnther, like the
addition to the first inlet portion 4 and the first

tegpinad por thlon WBrodutest dat Pl the arcuatde cutleregortion 7 is led
portions 15 and a straight apex portion 16. Simlarly,

tothee setemdocuiviedrtighe tporlilen Jultddow B RGBTt Fluid,
the second inlet portion 6 and the second outl et

ThPQklQmad, 4 5 HRgt-RRHH S ¥ & 4L l&}ééﬂﬁ_go%%j’{é Bgspejr%endi cular

and anot her strai ght apex portlon

to R éPPéwllgr?é% JP%‘E’St o 86 ES:%P%I Cb( }?ﬁcg%fgf?&krectlons

cont | gurati'on soO as
n each apex portion 16 are a driven

Me%%mlaﬁhio?&ﬁageaﬂwm@ Sovtcigs th8at erphpal da of the first

connecting portions 16a are fornmed on either side of

cuxtred drikeporpdti 4npavseTHenwmte thienfipst tdwnsed Baibe portion
are forned as portions connecting the driven portion

2, thewiohneheingrvae portionss 1andThiee 16 cdhidvenr ORI NS portion
10 are fornmed and arranged such that the distance

3 dastoweert Tdweifg %u&”@h&%hg‘hhﬁﬂet perfi st ange @tt?ﬁeg%e fd outlet

curved portions 15. The connectlng portlons

pottheod i7r Sthscfléﬁ’%q’hé lffbﬂgwpcgf }?é;%ne%s%r &k Erngg’d%g Sed Fhe arrows

be parall I'rs por
in Fig. 1).

The first curved tube portion 2 has, in addition to the first
inlet portion 4 and the first outlet portion 5, substantiallyarcuate
curved portions 15 and a straight apex portion 16. Similarly, the
second curved tube portion 3 has, in addition to the second inlet
portion 6 and the second outlet portion 7, substantially arcuate
curved portions 15 and another straight apex portion 16. The apex
portions 16 are formed in a substantially U-shaped configuration
S0 as to be back to back in plan view. That is, formed in each apex
portion 16 are a driven portion 10 and connecting portions léa.
The connecting portions 16a are formed on either side of the driven
portion 10. The connecting portions 16a are formed as portions

connecting the driven portion 10 with the curved portions 15, The
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the first outlet portion S. Simlarly, the connecting
portions 16a of the second curved tube portion 3 are
formed so as to be parallel to the second inlet
portion 6 and the second outlet portion 7. It goes
wi t hout saying that this formation helps to facilitate
dr&gg ro ugtio? of _th %%%¥ed ortion 15. The driven
pSFEi BRELOVEBF tReFT rstt ﬁgﬁiﬁﬁﬁénﬁ§pt58ﬁh2t5ﬁ8 thpedistance
driven portion 10 of the second curved tube portion 3
befpgertiifiyed snal ksar Ahpeitha dhs bagap beferebeteenrved portions
| arge enough to hold a relative small driving device
1513, Simlarly, the curved portions 15 of the first
curved tube portion 2 and the curved portions 15 of
the sreafshneut veg gdre PO tic@no 3 Be ralsanggdwWit PuBe portion
gap therebetween |large enough to hold the vibration
eed re.l Loty | [ ti nd. .
2 SR oote el Lo v B 4B e Al fefP e ion 4 ama
: at .the distance therebetween is |arge at, the
b T oA S E T ORt g { SLERG L vet DELETGHE 15 gt ions 162
that the distance therebetween is small at the
of Jd§ eGP RCbFREYEEntIRg Br then 13 R ggfompadeTo 85 to be parallel
Simlarly, the first outlet portion 5 and the second
tooihe etecqut tinde t7 paré ibor feahdnthascangedostdl tt hattion 7. It
the di stance therebetween is large at the position
goeorwespondi bgytingt DRacuEred Pohikih@isnlbelpsand thalilitate the
t he di stance therebetween is small at the position

pré@iéesPANdENgnbochPghi xbpgipRNHEr 8. Since the
di stance between the first inlet portion 4 and the

socond. (LBl PR P A0 e L ABRIREL o 2 ans
thgarg{%se%rgc?regigr?ll%v%f ghe second curved tube portion 3 are arranged
in parallel with a gap therebetween large enough to hold a relative
small driving device 13. Similarly, the curved portions 15 of the
first curved tube portion 2 and the curved portions 15 of the second
curved tube portion 3 are arranged with a gap therebetween large
enough to hold the vibration detecting sensors 14. The first inlet
portion 4 and the second inlet portion 6 are formed and arranged
such that the distance therebetween is large at the position
corresponding to the curved portions 15 and that the distance
therebetween is small at the position corresponding to the fixing
member 8. Similarly, the firstoutletportion5and the secondoutlet

portion 7 are formed and arranged such that the distance therebetween

is large at the position corresponding to the curved portions 15
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structure is adopted which cancels torsional stress.
Substantially no vibration is generated in the fixing
menber B. Further, since the distance between the
driven portions 10 is small, the positional deviation
generated in the driving device 13 is m ninmm

urther, _ also in the vibration detecting sensors 14, o
anq b gEei Hinar SHEVES: 1 DI L Sae o mure. G bt 61 ot Posi tion
the flow tube 1 is one usually adopted in this
CORRHMEHI Y | &P diheuthxa’ysiaimbres8 - steel , hastel | oy,
or titanium alloy. The driving device 13 constituting
t he Siemrsorthpodt sbAncauseswethetiie rbtrstuiuedttwbetion 4 and the
portion 2 and the second curved tube portion 3 to

seddid &t vhidogrtapRo$ed st emgach, oties , £iand d sie@®dirPRedvibration
wth a coil 17 and a magnet 18. The driving device 13

' d : t fot ' '
1eéa]§a F DIE né%egﬁgﬁé%e%c%ruro. Ehueftq{%r;’ieghtsﬁocﬁéé@f‘%%@ below, a

nd so as to bet ween t hem er wor

the driving, devigce 13 is nmounted at a position ngt .

SIS B R FOGRP T £B THE SATDFaF T fighal FECERSn of UPRGantially
flow tube 1. The coil 17 of the driving device 13 is ,

no ygedd ato isnecaeraéfdpdnt Fon A1Dxbrd EFe0\® -t ubBBTEhEY, since
usi ng a dedicated nounting tool. 18 Further, although

thendt spantiecut twegn shewdr i aen ERCE f(ifdrexi blies pnaht edhe positiconal
circuit) or electric wire is led out fromthe coil 17.

deviine: g Rehe rkd «of i hhehdrdnivichdevvieel83iis munteeh .t OFurther,
the other driven portion 10 of the flow tube | by

aldBhiNG R dedigat 8 Jmuntd ngy teak ' When AR 3ddiaGUHH deviation
action is generated in the driving device
is minimum.

The material of the flow tube 1 is one usually adopted in this
technical field, such as stainless steel, hastelloy, or titanium
alloy.

The driving device 13 constituting the sensor portion causes
the first curved tube portion 2 and the second curved tube portion
3 to vibrate while opposed to each other, and is equipped with a
coil 17 and a magnet 18. The driving device 13 is arranged at the
center of the driven portions 10 and so as to be held between them.
In other words, the driving device 13 is mounted at a position not
offset with respect to the vibrating direction of the flow tube
1.

The coil 17 of the driving device 13 is mounted to one driven

portion 10 of the flow tube 1 by using a dedicated mounting tool.
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13, the magnet 18 is inserted into the coil 1'7, with
the result that the driven portions 10 of the flow
tube 1 are brought close to each other. In contrast,
when a repul sive action is generated, the driven
portions 10 of the flow tube 1 are noved away from

' i.s flX t . .
PufRehe ARu RS SR RN DS, B L princea
.device 13 alternately drives. .the flow tube 1 in_the
e {GHLER i e i suna TR T bhBoro8? The The magnet
vi bration detecting sensors 14 constituting the sensor

18 Sdr £henc AL 81 8En4BY 5CF OF3 deét Bernk§V Ebrblt¢ ot drd ven portion
flow tube 1 and for detecting a phase difference

10 proporei bhav tebéehkOoyi osisgf ar dedicattilngoantthe froow.
tube 1, and are each equipped with a coil 19

andaregnetr?@t  The tS8HSE 5i@f & NQknkeslttlCl 84RO dhi® ing device
ones as descri bed above; they nay al so be

132cE6d elﬁzﬁﬁlll@f‘ §§nf’§r§ns<99%é8aing§a9ﬁe. gg%)l/gg??ﬁg%%gcggle result

type or distortion type (piezoelectri

|,0 as, _.they are .capahl e etectin ne _of

thafr Pt ackiert Rﬁé%ﬁﬁ %Hi)éﬁ%tgﬁb§ﬁ§WbtP§ 1 K& brought close
vi bration detecting sensors 14 thus constructed are

Lo gacangéherforle rastat WHes 8 BeRUW i Te R kainge dgenerated,
where they are held between the curved portions 15 of

the g iMegweaiyd ohsaht ebdrtee A avhéybeah aet estvédavehafeon each
di fference proportional to the Coriolis force. The

othespectinee ¢hid $16% elibkhe vkbrakieantdetpet FNgisgNsehber 8 as
14 are nounted to one curved portion 15 of the flow

deddthitred By e, NEh e 49801 alRd, iMQUALI 00 LRk FYUTdPEYes the Flow
al t hough not particularly shown,
tube 1 in the rotating direction around the fixing member 8.
The vibration detecting sensors 14 constituting the sensor
portion are sensors for detecting vibration of the flow tube 1 and
for detecting a phase difference proportional to the Coriolis forces
acting on the flow tube 1, and are each equipped with a coil 19
andamagnet 20 (The sensorsarenotrestrictedto the ones as described
above; they may also be acceleration sensors, optical means, or
capacitance type or distortion type (piezoelectric type) means as
long as they are capable of detecting one of displacement, velocity,
and acceleration).
The vibration detecting sensors 14 thus constructed are

arranged, for example, at positions within a range where they are

held between the curved portions 15 of the flow tube 1 and where
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FPCs (flexible printed circuits) or electric wres are
led out from the coils 19. The respective nmagnets 20
of the vibration detecting sensors 14 are nounted to
the other curved portion 15 of the flow tube 1 by
usi ng a dedi cated nounting tool. Although not

particylarly shown, aboard or the like is praqvide C
thelnEhhel P Bor T I GredeE o e o Bednto Ehe Coriolis

i nvention. Further, connected to the board is a wire
foriggrness led out to the exterior of the casing 12. The

tenperature sensor constituting a part of the sensor

por Then reepees itve ebfiéct 10enffethturébrahpensactontdng sensors

the Coriolis flowreter 11, and is nounted to the flow

14 hubenduble@n ARNOBLFGEE pOBADSH Mg spectiowaldys 1 by using
is mounted, for exanple, to the first inlet portion

a d%‘cili gﬂé@ﬁﬁun@@zﬁ%c‘# e)f‘iu@tl%ésgr,i A1 89,848 ﬁﬁittﬁarod'icularly shown,

ectric wre ot shown), out romthne

te rature sensor, .is cqonnected to the hoard. Wi
PP A Lo L LT G aEiad | ATt RECeT ol ol At G out from
processing portion such that there are input thereto a _
thegepddfibh JibgnEPSPREHLBREYIBE BS iZChoddtrt tithg addrdofietecting
14 regarding deformation of the flow tube 1, a
sergetrectlidonrsi gnahtkdobwt tiee ot hiee r vibregd groX0. adetlécpitnghe flow
sensor 14 regardi ng defornmation of the flow tube 1,

tukRnd. 13y detiect ipmsdignaled masit hend epper at ure sensor
regarding the tenperature of the flowtube 1. In this

Si 9Bl HEHPULSE AR tPEAEES TP b bRRr SCMRNE ati ke DProvided

mass flowTrate and density is effected based on the
ins%?#reteﬁ}téei? f&%rslioqnlasl %l(i)vr&{‘?éltt.ezﬁ rﬁ”&} t&%eS;?Péé’énP%%B‘Eion. Further,
connected to the board is a wire harness led out to the exterior
of the casing 12.

The temperature sensor constituting a part of the sensor
portion serves to effect temperature compensation on the Corioclis
flowmeter 11, and is mounted to the flow tube 1 by an appropriate
means. More specifically, it is mounted, for example, to the first
inlet portion 4. Further, an FPC (flexible printed circuit) or
electric wire {(not shown), led out from the temperature sensor,
is connected to the board.

Wiring and connection are effected in the signal computation
processing portion such that there are input thereto a detection

signal fromone vibration detecting sensor 14 regarding deformation

of the flow tube 1, a detection signal from the other vibration
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in the signal conputation processing portion, the nmass
flowrate and density obtained through conputation
are displayed on a display (not shown). The
excitation circuit portion includes a snoothing
portion, a conparing portion, a target setting

BN BouRt 50l oo A0l L1 SRLLSD OO0 A8, i 1,

3pootrgi§$lportion so that a detection signal from one

A ARG U dELERELnd KKBhsbRe 15 eppe rEta st heen 9 br aeidemding the
detecting sensor 14) nmay be extracted. Further, the

tegrgoekivng Qoklee hohdsibed f udcttitons bygnhl comptitean on processing
rectify and snooth the input detection signal and

pooutiput ol vat {agenproperriiocansk t & rdd8eA8PL LtUlefFected based
thereof. The conparing portion has a function by

onmbhéhiéﬁe@@$bﬁFH§§H§i§IY%deCE%%hF@Q% EFREEEhSOﬁ%%%?. Further,

snoot hing portion wth atarget set voltage "o

. f r ' ortion.and control the gain

in R G B e e O P ) o SRl 4P oS afSghef Low rate
aﬂfligﬁg? Ef the resonance vibration in conformty .

ARG THe Pargetesethyersagemnut atiempseedisplayedon a display
construction, when neasurement fluid is caused to

(net ofhe¥Rrbugh the flow tube 1, and the driving device
13 is driven to cause the first curved tube portion 2

and The esedidrat icur vedct:ibep @it por Hindl 1 HdPaVéis @ eing portion,
whi |l e opposed to each other, due to a difference in

a plagegener gad it he Cerighis foreengt gdecvibration,riap1e

detecting sensors 14, the nass f low rate iIs

b i g C .atian r.ocessin . .
oSl EVCRL e ekl 0l QTS Ao lOUGRRLIG | giiring 1

|l cul.ated fr the vibration frequency.
effé§9e§QH1%he smoofﬁ?ng port?on 50 thach deegction signal from

one vibration detecting sensor 14 (or the other vibration detecting
sensor 14) may be extrgctedJ Further, the smoothing portion has
a function by which it can rectify and smooth the input detection
signalandoutputatmxnﬂtageproportionaltotheamplitudethereof.
The comparing portion has a function by which it can compare the
DC voltage from the smoothing portion with a target set voltage
output from the target setting portion and control the gain of the
variable amplification portion to control the amplitude of the
resonance vibration in conformity with the target set voltage.
In the above construction, when measurement fluid is caused
to flow through the flow tube 1, and the driving device 13 is driven

to cause the first curved tube portion 2 and the second curved tube
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Here, the superiority of the Coriolis flowneter 11 of
the present invention to the conventional ones as
shown in Figs. 3A and3Bwi |l beclarified. InFigs.
3Aand3B, the arrow line P indicates the vertical
direction, and the arrow line Q indicates the
poOdZ 9 Ak 1 bILERGIH O obBoERE: t3Bach! XBMet 0 diiel +X1NGi Fference
menber 31 are a first curved tube portion 32 and a
. second_ curve he rtion 33 nstituting :a_flow :
in BRE e R T P AL SRS T SR b B B gt ecving
curved tube portion 33 are both forned in a, )
sensarest §&: Ghedhagped leymiatqur AP Land dar e taprEhiged sgrputation
as to be opposed to each other. The plane as defined
prageghiad inostt i veduriiberpodni 6hig2emhadinenpl ahbeadensity is
defined by the second curved tube portion 33 are
aldqraradlell dtekattomwt ttes . vidoaingsh | firédpeefcyst curved
tube portion 32 are a first inlet portion 34 through
whi ¢y reasifeeBifedi dtitd, fof oW idb Rl s fridwhe Ot €1 of the
portion 35 through which neasurenent fluid fl ow out.
For L i.n t.he 0 cur.v. U ortion_ 33 a: -
e e e o T o fead B e Fige. 3
fluid flows in and a second outlet portion 37 through ..
AR B RS e O3 Ui TG HERC et ke FEFOTHIGE | indicates
portion 34, the first outlet portion 35, the second
thg neetipet dise 36, orandnd hbesueiorid L2pedliindi cpopeitdre Byrizontal
extend in the vertical direction, and are secured to
dimgrtupgper surf ace 3la of the fixing nmenber3l so as to
be perpendicular thereto. Wen, in the above
congty WGlg oz, driividlg tios sefFfigehgdmbetlween] hhe apeXrst curved
portions of the first curved tube portion 32 and the

tubﬁae%%ion 32 and a second curved tube portion 33 constituting
a flow tube. The first curved tube portion 32 and the second curved
tube portion 33 are both formed in a reverse-U-shaped configuration
and are arranged so as to be opposed to each other. The plane as
defined by the first curved tube portion 32 and the plane as defined
by the second curved tube portion 33 are parallel to each other.
Formed in the first curved tube portion 32 are a first inlet portion
34 through which measurement fluid flows inanda first outlet portion
35 through which measurement fluid flow out. Formed in the second
curved tube portion 33 are a second inlet portion 36 through which
measurement fluid flows in and a second outlet portion 37 through
which measurement fluid flows out. The first inlet portion 34, the

first outlet portion 35, the second inlet portion 36, and the second
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curved tube portion 33 to cause the first curved tube
portion 32 and the second curved tube portion 33 to
vi brate whil e opposed to each other (Fig. 3A shows a
state in which a repul sive action of the driving
device is generated; in the case of an attracting
tyi - Ly - - hhi ppl.l to
ot B b e R P e T g B o PR T Rrpsecured
in Fig. 3A are nerated.. The bendi stresses have .
£ FRUPRIF SCF° TG Co R bR et F 1 HEHGF LT 2 SoP RHeSTbendicular
first inlet portion 34, the first outlet portion 35,
themedo.second inlet portion 36, and the second outl et
portion 37 to vibrate in the vertical direction, and,
wheiwhtene dhstlameddet weenttrhetfibnstdriniey ipoetfifexntddl between
and the second inlet portion 36 and the di stance
thebgpBrab Athiend bt tRutd iatspentiven Shanpditierseeart the second
outl et portion 37 are relatively large, there is a f

curfla Ay ?E&ttiig;% !B%alf%g%aﬂg%uEhEngirg!ﬂec eyERCtube portion 32

above-nentioned vibration in the vertical direction.
n Fig. 3B, fixedt fixin r 51 are a first
and thel P iHeC B Eron189 Bt b eboi® G VeTS Hhd C opposed to
portion 53 constituting a f |owtube. The first _
eaqtyofddt Ué dpordi sHoyE andtehe $BcBRychupveEEPULgbEe action of
portion 53 are both fornmed as ellipses extending in
the deinong zemiale idigesctizgredntn dheanged cfoanstitgasding action,
opposed to each other. The plane 23 as defined by the

thd iarslowsurated ddiher pod i 1o H2: Bl 41l pdaneo aBigdetRnedoending
by the second curved tube portion 53 are parallel to

st s AbheRai JRechi Flrinyed sURE POST IO 3% BaReRated. The
irst inlet portion ~ 54 through which” neasurenént

f
el U0 A 00, P LR O 25 B B 1on
of the first inlet portion 34, the first outlet portion 35, the
second inlet portion 36, and the second outlet portion 37 to vibrate
in the vertical direction, and, when the distance between the first
inlet portion 34 and the second inlet portion 36 and the distance
between the first outlet portion 35 and the second outlet portion
37arerelativelylarge, thereisafearofvibrationleakageoccurring
due to the above-mentioned vibration in the vertical directicn.

In Fig. 3B, fixed to a fixing member 51 are a first curved
tube portion 52 and a second curved tube portion 53 constituting
a flow tube. The first curved tube portion 52 and the second curved

tubeportion53areboth formedasellipsesextendinginthehorizontal

direction and arranged so as to be opposed to each other. The plane
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tube portion 53 has a second inlet portion 56 through

whi ch neasurenent fluid f lows in and a second outl et

portion 57 through which neasurenment f luid f |ows

out. The first inlet portion 54, the first outlet

portion 55, the second inlet portion 56, and the

S ut.l ord:i extend in the horizontal

asd?r%gg?ﬁe%n?}ygatg%arfgr i xé%gll}vc?(:{si élgbes@rqra g 5oz_zlaa e plane as

51 so as to_be perpendicular thereto. In

d f.i. xi gg msgger
efhBeHnBY e RONSTroRY i G VSthentRh PPitig Os S6f pset parallel to each
between the apex portions of the first curved tube
otpsrti oRhs 2 el ve vest shdbe parvednt ubéaport fons53itbet portion
cause the first curved tube portion 52 and the second
54 durmeedytt wbecpaetsisar i@ ritof Vi bd &t ewwhid enQRPESLs: bAtlet portion
each other, torsional stresses as indicated by the

Ssathevsghnwhi 8n mdBsarenggperated. £l St hsut YPeras SNOWMY curved

in Fig. 3B, bending vibration 1is converted to

T R A T T -

flﬁggr occurs no vi bration | eakage due to the vertica

Vi S THaN B RESTEE U ARV EO T T AB e N Pedt BF S FBARSur ement
stress due to the first inlet portion 54 and the

Elupd dilowsl owt r eI edhibr 3o inhe tiorsti aoubd ettheofiisnos6let portion
are torsional stresses in the sanme direction, and,

55§ uthdergcarnd itrdredi goalticst E€ssaddetho sdeos@cantl dtheirtion 57
portion 56 and the torsional stress 24 due to the

exsesa@nih alitd Bbrpebhtan &7rakeidRf HAralreSkLeesess i ddCurraces
same direction, so that there is a fear of curving

s14ebkeetd op;i PO NG HBRE" @%egoi Dt ?ﬁegkrbggp%@%glg%b fhereto.

Referring again to Fig. when curve

%8; It%rF irkshelea%\%q{g: ggng%%%rc]: i%lfllr, Vﬁ}qeﬁ u(?lgl\?l(_)l’r;(} Iiosn e:);‘_’foefctte%ebetwe en
the apex portions of the first curved tube portion 52 and the second
curved tube portion 53 to cause the first curved tube portion 52
and the second curved tube portion 53 to vibrate while oppcsed to
each other, torsional stresses as indicated by the arrows in Fig.
3B are generated. In the type as shown in Fig. 3B, bending vibration
18 converted to torsional vibration, with the result that torsional
stress is generated. Thus, it is to be assumed that there occurs
no vibraticn leakage due to the vertical vibration as mentioned
above. However, the torsional stress due to the first inlet portion
54 and the torsional stress due to the first outlet portion 55 are

torsional stresses in the same direction, and, further, the torsional

stress due to the second inlet portion 56 and the torsional stress
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11 of the present invention are vibrated while opposed

to each other (Fig. 1 shows a state in which the

repul sive action of the driving device 13 is

generated; in the case of the attracting action, the

arrows in Fig. i are reversed), there are applied, to

fii ¢ N e fir . . .
o e ey At 0P e Sme et hest | P51 BatT e teshes in the
ort.ion.5, and the ond outle ortion 7 are I xed, .

s A gl s Ee B SHe® (s Grtaf ot b St fon being

converted fromthe bending vibration at each fixing
JeIRF R T M. 1HoWeS eF 1X ABISHEBWASYi ALFi g. 1, the first inlet

portion 4 and the second inlet portion 6 are not

par dt¢edrt oneack iot herfiand ,t heehitrlst fautitetupoeditorbeSportion

and the second outlet portion 7 are not parallel to

2 smethi hefcon@idiferdd fruddeior i f3 gt taedcsegends flowmeter
inlet portions 4 and 6 and the first and second

11 ¥t {8l pRYULIANSNF-ARH 4 AFL iR SK lﬁif@logggj‘%?gei:?o%ch other

rel ati onshi ps, so that the torsional stres

the f _irst inlet, portion d the second outl et o
{F%%?Eighoysa?es%%ggéfég lﬁﬁb%@ﬁefﬁggi?lgﬁda?m%pn of the driving
torsional stresses due to the second inlet portion 6
deB{ vk 15 Penegatiesy por tRencasarel it addiesitdqy action, the
t herebet ween. Thus, substantially no vibration is
argfferiat €ddn it ke ef reviengerenbdhege a2% Appdrididagtbothe fixing
the present invention, the load on the first inlet
mengwrt Bome #hichetlseddnd ti nh bé ¢ pordtdiom 6, tHeséebsl inlet portion
outlet portion 5, and the second outlet portion 7 is

6, iRl EirEyesutictheort ohdidy ar@f thResbixhab erdenBdion 7 are
low, or if the mass is small, it is possible to
fiﬁ%mbkﬁglﬁaﬁeéﬁrégQegicméattiooghEWOnaﬁj R]tl%%ratl%% converted
fromthe bending vibration at each fixingportion. However, as shown
in Fig. 1, the first inlet portion 4 and the second inlet portion
© are not parallel to each other, and the first outlet portion 5
and the second outlet portion 7 are not parallel to each other,
either; further, the first and second inlet portions 4 and 6 and
the first and second outlet portions 5 and 7 are in symmetrical
positicnal relationships, so that the torsional stresses due to
the first inlet portion 4 and the second outlet portion 7 are canceled
therebetween, and the torsional stresses due to the second inlet
portionéandthe firstoutletportion5arealsocanceledtherebetween.

Thus, substantially no vibration is generated in the fixing member

8.
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Fig. 1, the first outlet portion 5, the second inl et
portion 6, and the connecting tube portion 9 are
arranged continuously in a straight line, so that,
according to the present invention, it is possible to
enhance the ease of manufacture and durability of a

Cor ix@ldcsrd 1 rywBtiafe pk@séﬂgii%iv@%ti%ﬂcglil% H%ia?{i clfﬁté@ﬂ%%irst inlet

bet ween the ~driven portions 10 is sma

SSi b e L0l ze. deviation. in_th ositipnal .
eo PSRl hmonfs ervedn EREL v PBhoboPt i R TbraRaC ERgt portion
c driviEg device 13, As described above, according to S

 PRE bPESBREOTAVERtT Bh PRt 19T ThosspBReLt o Eofdiviide tae rigidity
Coriolis flow nenber 11 in which the positiona
of gb¢ifiiigw sfmper ddst lowe air i i e dewisces B3wild, it is possible
mnimum which is little subject to vibration
to ledeiags, vednd nadd totniirs v@amat o MaaM=ant ur guandeef, BsgBhown in
durability. Next, nore specific exanples of the

Ficconf,i gieats oM 0f o b B Bt POLtEON0E LDEL RN IR LS portion 6,
flowreter will be described with reference Fi gs.

to
andtArhr %%f%g' EX 3 é ). I ngFi.gs. _4A_thrqugh 4D, the .
(fIOMItugE |§m%btagg %réﬁopogpﬁnﬁ agrgpﬁﬁgegontlhuouSly in-a
St’gﬁgéHégnent flo¥/t be, and . includes the first curved o
L 106rt £8nTB2hnd2 ERRESERD NP ddts & asemE parengAoR, it is
arranged so as to be opposed to each other, and the
POSEdiECtion FRACH oS o 2 cohretifrctehe 415d sfuralpvedty of a
tube portion 2 and the second curved tube portion 3
Contig lgach lowherterl.n t he dddiviabe shishowhda diBtgacedBetween the
through 4D, the flow tube | as described, for
driexanpbetivhnish10eier&mgel | o tFii% possible to minimize deviation
in the positional relationship between the driven portions 10 and
the driving device 13.

As described above, according to the present invention, it
is possible to provide a Coriolis flow member 11 in which the
positional deviation of at least the driving device 13 is minimum,
which is little subject to vibration leakage, and which is easy
to manufacture and of high durability.

Next, more specific examples of the configuration of the main
portion of the Coriolis flowmeter will be described with reference
to Figs. 4A through 9D.

(Example 1)
In Figs. 4A through 4D, the flow tube 1 is obtained by looping

a single measurement flow tube, and includes the first curved tube
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1 is enbodied. In the followng, its construction wl|
be briefly described. The first curved tube portion 2
has the first inlet portion 4 and the first outlet
portion 5. The second curved tube portion 3 has the
second inlet portion 6 and the second outlet portion

porktionl € £@NReE! i5RG P e R Qﬂb% b rRI QW @egrpﬁﬁ\ﬁ@%nso as to
the first outlet portion 5 and the second out | e

ortion Cofmect
med and arranged so as to be contlnuous in '
th@stfrléusﬁhFuF‘r’ﬁ@ T RITSHOR M 8P9pbRe i TiFr P Ard v tibe portion
second inlet portion 6 are fixed to the fixing nenber
3 t® sechsotbebe it fdiw hbeel shewnfin gtidsl ¢ through 4D,
portion 4 and the second inlet portion 6 are arranged
thesTlasw nabet 0 He Pagatileddl of @acikaigies, wWiitke relferkenicst to Fig.
inlet portion 4 and the second inlet portion 6, the
1 il EfboQYEsel POTHORED1804n ! hft§e@&9§tﬁh’éi%n Rariti B’é briefly
7 are fixed to the fixing nenbe as to be in the
ane, with the first outIet portlon 5 and the
de %ﬁggéé?outlet portion 7 being arranged so as not to be
parallel ., to each other. The term nal of_.th .
i nl M epbiESen UL ERE tHhRe E%?H‘ﬁ%l ﬁ%f?‘ﬁélﬁ oﬁH i portion
outlet portion 7 are led out such 27 that, as shown in _
4 apggtheAfirpeyoakbeparpentiveud ar the sgeomd sWrpedofube portion
Fig. | and that the direction in which the nmeasurenent
3 Hasuitde &kowsdi inf(terponblodad ant tthe sdicoect batleft portion 7.
whi ch the nmeasurenent fluid flows out (terminal 7a)

Thedk&n@RReS hiyetiBe @8t DiMer 1 sTPEodl H¥iNGetipvd e @ hk3 fligst outlet
provi ded between the respective apex

portion 5 and the second outlet portion 6. The first outlet portion

be B%Pé%g%to ea;rc egU‘lr Sg a?Ihewgl%ta C%%rt c%n ntgu% Ig her ?I e 39 connecting
e for

5, the second inlet portion 6, and the connecting tube portiocn 9
are formed and arranged so as to be continuous in a straight line.

The first inlet portion 4 and the second inlet portion 6 are
fixed to the fixing member 8 so as to be in the same plane; the
first inlet portion 4 and the second inlet portion 6 are arranged
S0 as not to be parallel to each other. Like the first inlet portion
4 and the second inlet portion 6, the first outlet portion 5 and
the second outlet portion 7 are fixed to the fixing member 8 so
as to be in the same plane, with the first outlet portion 5 and
the second outlet portion 7 being arranged so as not to be parallel
to each other. The terminal 4a of the first inlet portion 4 and

the terminal 7a of the second outlet portion 7 are led out such
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portions 16 of the first curved tube portion 2 and the
second curved tube portion 3, that is, between the
driven portions 10. Further, between the respective
curved portions 15 of the first curved tube portion 2
and the second curved tube portion 3, there are
thaQnOEEdgﬁowthnVF@%@tMQD detechiagosepsniscldarAto the arrow P
wel | -known brace bar 21 is provided so as to be
tride _the,f i i nl. il o andg, t ong. i
%ﬁlgét quhd?&#aé—__r scté}em'r}}lggﬁc’)e&&a%gtr}hg’: wel I%g\% br a%lgent fruid
bar 21 is provided so to .be astride the first
ELoim 18 (BOFELEA 5 ahc tha P udEs ) tt KBREPoRTS mepgurement
brace bars 21 are spaced apart from the fixing nenber
£118 oy leowsr edet erirmicnall stancere THPRFHewst ¢ et fe other.
drawi ngs show how t he nmeasurenent fluid flows. .
( Exampl @r2yihy ddei d¢ oW t silperdvistegheiweFhgshe 3Aspective apex
through 51), the |lead-out directions of the term na
porda Bfs 1B # ket £i PEetcpardd eabé pagtide 2 ketnimlsetand curved
of the second outlet portion 7 of the flow tube 1
shown, i i Adh £hang i 0. Further,
tUbeexg%ltéLOghgv\mgﬁ?%éﬁgg’s&%Lﬁg’%e?lt?rtgégﬁ 5D, ?%gt{lgrﬂn%]%al 4a
of the first inlet portion 4 and _t termnal. 7
be'ft"??ée%§@6nHESEFFE%Vﬁo‘?W‘6ﬁd'Poa‘%el?résdqc;%u? KPSt ,%ﬁlé-’é’e‘j cupe
shown in Fig. 5A, the direction in which the L ded
ponfdasurereft L8 Feanf [AgWed FUPEPHT haPRa) s ditfihare proviae
direction in which the neasurenent fluid flows out ,
thd tveibmartalor? ae tace itnge ssawe ret hé . vek tighl - owetigire fer 21 1s
indicated by the arrow P of Fig. 1) . Further, the
prdefdédiab 48 toobe tha fiides thient fts pantlieanpdr aihan téhand the second
termnal 7a of the second outlet portion 7 are |ed

inPH 5O @8t Og e @k anged, | nedden&enier1 - kAwhl brace bar 21 is
provided so as to be astride the first outlet portion 5 and the
second outlet portion 7. The brace bars 21 are spaced apart from
the fixing member 8 by a predetermined distance. The arrows in the
drawings show how the measurement fluid flows.

(Example 2)

In the flow tube 1 shown in Figs. 5A through 5D, the lead-out
directions of the terminal 4a of the first inlet portion 4 and the
terminal 7a of the second outlet portion 7 of the flow tube 1 shown
in Figs. 4A through 4D are changed. In the example shown in Figs.
5A through 5D, the terminal 4a of the first inlet portion 4 and
the terminal 7a of the second outlet portion 7 are led out such

that, as shown in Fig. 5A, the direction in which the measurement
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of the first curved tube portion 2 and the second
curved tube portion 3 as shown in Fig. 5B. (Exanple
3) In the flowtube 1 shown in Figs. 6A through 6D,
the |l ead-out directions of the termnal 4a of the
first inlet portion 4 and the termnal 7a of the

I I on of , t.he .l ow tube 1 sh in

R R PR A T L Bibedt PR B S geatERe Pappitqsurement
in Figs. O6A through 6D, the termnal 4a of the first ,

flﬁlhﬁieﬁlg% En HeBRanaghba t it fae 7amet (ERe SodorAl direction
outlet portion 7 are |ed out such that, as shown in

as Fndigaed fy dihceettitow PnowhFdl -t he- neAstreerentthe |girghinal 4a
flow sin (termnal 4a) and the direction in which the

of méashif eaeninidt podeibaws addt tii ¢ erarimiala 173y @f e hkhe=cond cutlet
sane (the vertical direction as indicated by the

poRf{OW P Ofe Adh it -sFWd het pd e ddddg aW M8l JdeBer 1ine 1.1

portion 2 with the termnal 4a of the first inlet

r.t ] t Uk V. e ti i )
o PR P it O f REY R L HIB B3 SRl ke portion
5 fac ot her ag,sho&g in Fig. 6A, and, in this state,
they are ted" bt 39 as to be arranged in the center
line LI of the first curved tube portion 2 and the
(Exzeiohe ¢urved tube portion 3 as shown in Fig. 6B. 29
(Exanmple 4) In the flow tube 1 shown in Figs. '7A
t hr ouglth2Df lvhetlimad- ehbwndin eitdzon$rot hkbaghesi e lead-out
4a of the first inlet portion 4 and the termnal 7a

di®dct ien S@EORAObEIRINACr 44 Y £1f rhihetf haWetUbSrdion 4 and the
shown in Figs. 4A through 4D are changed. In the
teSXAP] &=5BOWhE dd R outlet portion 7 of the flow tube 1 shown
in Figs. 4A through 4D are changed. 1In the example shown in Figs.
6A through 6D, the terminal 4a of the first inlet porticn 4 and
the terminal 7a of the second outlet portion 7 are led out such
that, as shown in Fig. 6A, the direction in which the measurement
fluidflows in (terminal 4a) andthedirectioninwhich themeasurement
fluid flows out (terminal 7a) are the same (the vertical direction
as indicated by the arrow P of Fig. 1). Further, the first curved
tube portion 2 with the terminal 4a of the first inlet portion 4
and the second curved tube portion 3 with the terminal 7a of the
second outlet portion 7 cross each other as shown in Fig. 6A, and,
in this state, they are led out sc as to be arranged in the center

line L1 of the first curved tube portion 2 and the second curved

tube portion 3 as shown in Fig. 6B.
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7A through 7D, the termnal 4a of the first inlet
portion 4 and the termnal 7a of the second outl et
portion 7 are led out such that, as shown in Fig. 7A
the direction in which the nmeasurement fluid flows in
(termnal 4a) and the direction in which the
(E q; nt fluid flows out (termnal 7a) are the
e vertical direction as indicated by the

arr W rther he first, curve t
or?Il th LR e P B AT 5 + R TR YR8 1ead-out
portlon 4 and the second curved tube portion 3 with

dineqd idricdaFheaterninel SecdndbsuflestprisbiPortgen ¢4 and the
| ed out so as to be arranged, while undergoing

terdyeindi Ing aas £ sttoaws daerid gutiBr porthencemfiethki Aikow Xube 1 shown
perpendi cular to the center line LI of the first

in GUbved4huberPeghiam arxd andnigkel .secanche Wwahiaibtiown in Figs.
portion 3 as shown in Fig. 7B. (Exanple 5) In the

78 g&lr%d Hberd shawn d 9, F1 8. 4§A>fhmélgﬁ§sla,lﬁbstbsagtnsn 4 and

rections of the term nal 4a of e first inlet
theD ettrlnglnﬁlaél t%pe?kféo%%%g Jg% por econgl %%él ed out such

throu h 7D are chan (Exanple 6) In H
thathy @@gﬁhgzﬁn Af F i @w fta»oetl}e FHQUded thho" &s@ Esﬁt%ﬁéurement
30 consisting of a first curved tube portion 2' and a
fludetbheive dnvide ritimed por ehdkh@ diftectioninpinived tapeasurement
portion 2' has a first inlet portion 4" and a first
fluidt Febwgostit ot & mindhel Seaerdthdryete t(uhe vpattican direction
has a second inlet portion 6' and a second outl et
as ReH@Red/by- the arrow P of Fig. 1). Further, the first curved
tube portion 2 with the terminal 4a of the first inlet portiocn 4
and the second curved tube portion 3 with the terminal 7a of the
second outlet portion 7 are led out so as to be arranged, while
undergoing bending as shown in Fig. 7B, in the center line L2
perpendicular to the center line L1 of the first curved tube portion
2 and the second curved tube portion 3 as shown in Fig. 7B.
{(Example 5)

In the flow tube 1 shown in Figs. 8A through 8D, the bending
directions of the terminal 4a of the first inlet portion 4 and the
terminal 7a of the second outlet portion 7 of the flow tube 1 shown
in Figs. 7A through 7D are changed.

(Examplie 6)

InFigs. 9Athrough 9D, a flow tube 1' includes two tube portions
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The first inlet portion 4 and the second inlet
portion 61 are fixed to a manifold 22 of the fixing
menber 81 so as to be in the sanme plane with the
first inlet portion 41 and the second inlet portion
6' being arranged so as not to be parallel to each

con! nj]r%{i%%%ﬂ‘ea tfg,%,sfti rc%trvigﬁl %hb%o%)fbir%qoﬁl angnghgaggegﬁg curved

rtion the tirst outlet portion
second .outlet portion 7' are. fixed tq the ifold. 22, .
Ul ORGP Png TEr S CubVES TP p@diriGihd oae & TiIst inlet
plane, with the first outlet portion S and the second
roridetd p@d enfIrspepngl af rapwgeoR o as Adte edp@d curved tube
paral l el to each other. The nmeasurenent fluid flows
portnian Bhehamr@ §ebdn@2 rdfett pefritiiongs ' renbersStondunttiert, portion
the nmeasurenent fluid flows out through a manifold 23
71 0f the fixing menber 8 . In the flow tubes 1 shown in
Figs. 4A through 1 OD, the driving device 13 is

prOWﬁﬁ§qﬁH§ﬁMQ%ﬂé%h%o§Q§%np%nt%99;%&@’ égbngfigﬁ@t ortion &°

first curved tube portion t he second curved

t ube rtion 3, .. 3", at _i bet ween the driyen .
ar i B e mEbE LR PRerE The Lyl AT OISt Letihge to be in
sensors_14 are provided between the curved portions .
the samesplagnethiet ithet feapteniebeggdriarod '2angd thpgeaagead 1nlet
second curved tube portion 3, 3 . The brace bar 21 is
porgriovi deld bied n@l arlenfiedssoi af etopora iten phrad'lednd ot kech other.
second inlet portion 6, 6° so as to be astride the
LiHd rgte ifilxeit pentdtopodtidn andahhletsecendondniatiet portion 67,
portion 6, 6' Simlarly, as in the first inlet portion

théhrirkt e p3eeand isnl ghdpehtl QRBndboutaBet BBktion 7' are
wel | -known brace bar 21 is provided to the first

fié&glég éﬁgtiéﬂkéﬁléyzé”gkt{EESFEQPQg member 8' so as to be in

the same plane, with the first outlet portion 5' and the second
outlet portion 7' being arranged so as not to be parallel toc each
other. Themeasurement fluid flows intothemanifold?22 of the fixing
member 8'. Further, the measurement fluid flows out through a
manifold 23 of the fixing member 8'.

In the flow tubes 1 shown in Figs. 4A through 10D, the driving
device 13 is provided between the apex portions 16, 16' of the first
curved tube portion 2, 2' and the second curved tube portion 3,
3', that is, between the driven portions 10, 10'. Further, the
vibration detecting sensors 14 are provided between the curved
portions 15, 15' of the first curved tube portion 2, 2' and the

second curved tube portion 3, 3'. The brace bar 21 is provided to
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outlet portion 7, 7' so as to be astride the first
outlet portion 5, 5 and the second outlet portion 7,
7'. The brace bars 21 are spaced apart fromthe
fixing menber 8, 8 by a predeterm ned distance so as
not to cone into contact with the fixing nenber 8, 8'.
T I i n Fi.gs.. 4A thr h,10D h e . '
the et ey Bers o, 't Men i PRoatda i 8g PREFLOn 61 6
various nodifications are pgssible w.thoyt departin
5O Fromd FE SE00d BT e Ipredent et BRETGAN 42 GLARRE the second
. A Coriolis flowreter conprising: a neasurenent f low
inlqieointdlamditng of -i r8imbhdr s¥eons urtbed fiiglse inlet portion 4,
portions, the first curved tube portion having a first
4" janlcettiporde comd t i baighpavhi Chin a6 peasur enetihe f wald-known brace
lows in and a f irst outlet portion through which the
badT@aSUE gehi dédlitd thews; put. ot 8969Rd KUBVed' ddb@he second
portion having a second inlet portion through which
neasy,erent  f  Luj I N -and S I -
Ou%ﬁ%ﬁ#ﬁn tqﬁbﬁghﬁmhﬁéhégt%%1%%2?%?@%%%F%flE?ggglg%élgk portion
yt; and a f ixing r which is sjifuated in a
5, B aBFE Bbe PPEA G ORBLET PP OGP UbL ob' SedlS Figtmbars 21 are
view and to which the f irst inlet portion, the _
spas@shagarhl fiatompsheifdk inheenbestd off ket a peradede rrdmpd distance
the second outlet portion are fixed, the Coriolis
so falsoweet €0 bemrginsedctontabt avihtiat thealSitx lone mefmbear gs$ ' . The
flowrate and a density of the neasurenent fluid

ar idWLluglFi giel aat t1oro@dh atod €8sk e tak eP@SEnent fluid flows.
di fference and a vibration frequency proportional to

thef%%é@éhﬁtkyﬁggﬁﬁgﬂ&@9a@%&f¥bdéﬁ§&ificationsarepossible

without departing from the scope of the present invention.
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and second curved tube portions by vibrating the first
and second curved tube portions with the f irst and
second curved tube portions being opposed to each

ot her, wherein, the first inlet portion, the second
inlet portionf the first c5giéﬁsportlon and the
second outlet portion are fiXe to the fixing member
such that: their tube axes are arranged in the sane
pl ank; BhEoriphds fhPemepert icomparid iige second i nl et
portion 33 being arranged in a non-parallel state such
t hat a ancdisstranom t theweheiaveanl ndcheasias wahl second curved tube
i ncreasi ng departure fromthe fixing nenber; and that

polhechkl sthoyt et c@%@é@%u%@dpc5f'§1§§@1%ﬂzqrﬁgu5|feitrst inlet portion
portion are arranged in a non-parall e state such t hat

throg rt U:chq} ; omaﬁi&)et Vevenetnfhﬂcr € oe\,\?s tlﬁ.

n .
Thgt A IYS€ and gtlet portion

second inlet portions and the flrst and second out | et
Ehporehoriei6ai h Eefes’(eaus%mssttg Brd ot bewgeet, the second curved
symmetrically, and wherein a di stance between
tubespestiive drévend per tdeormmndf inhet fhiordticandtkeeedd which the
curved tube portions is smaller than a distance
mehehnereanteSpect ifewpoid aadsa shebheof o edhé t mdausiod through which
the driven portions. 2. A Coriolis flowreter

thEOFPELELBRAen? FRAIHr €MBRL bultowakhdbe including first
and second curved tube portions, the first curved

t Ube%%}[ m@%e'}gwgll hl 'r$tSlt[HaqlteCP9£gé ?[ﬂfd&ltg ggggtion of the

whi c urenment 'ows 1n an .
fl?y%%%t%ré%%g nggg g@ﬁ%'@é‘lhd gf&?l.}c mfgtrsg 1ﬁ9et portion,
the second inlet porticn, the first outlet portion, and the second
outlet portion are fixed,

the Coriolis flowmeter being used to obtain at least cne of
a mass flow rate and a density of the measurement fluid through
detection of at least one of a phase difference and a vibration
frequency proportional to the Coriolis forces acting on the first
and second curved tube portions by vibrating the first and second
curved tube portions with the first and second curved tube portions
being opposed to each other,

wherein, the first inlet portion, the second inlet portion,
the first outlet portion, and the second outlet portion are fixed
to the fixing member such that: their tube axes are arranged in

the same plane, the first inlet portion and the second inlet portion
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tube portion having a second inlet portion through
which the neasurenent f luid f lows in and a second
outl et portion through which the neasurenment fluid
flows out; a fixing nmenber which is situated in a
m ddl e position of the f |ow tube as seen in plan
beVhgWaatthrdqedwhi £h o hgod-pLstiiBhets prd 1 9eh W&t 2 distance
second inlet portion, the first outlet portion, and
4 ion are fixed:. and a o
thi PRSERon Pletthatt: DRt e kS bt e iy 5 the fixing
%%tlgt §°£§i§n ﬁnd t he second inlet portion and
MeRBPhect T Ng RRE FRPsTGEI RT1ESr Prah 18Rd 2PRe tec srgond outlet
inlet portion to each other, the Coriolis flowreter
POpel PRy AR AR EHMGIIM at nbeasereddedf stataassch|idvat &t elistance
and a density of the nmeasurenent fluid through
thele¢leetwoan ofnateheastwodne nicrephose digdenencerand the fixing
vi bration frequency proportional to the Coriolis
meﬁ@éﬁﬁ%h@ﬁfiﬁthﬂulB@thBSinl@ﬂ?xﬁﬁﬁQﬂgsQH&WﬁﬁaEE?%tzﬂxisecond
portions by vibrating the first and second curved
[ j t I r d.secaond curved tube .
o oS ha 2R Pnar “hpaPUER CHERetzically,
A $irst inlet portion, the second inlet portion, the
irst outlet portion, and the second outlet portion
are fixed to the fixing nenber such that: the first
i nl efpcrin Gnddr8anpe belecord Hafiractpsia doavaneportions of the
arranged in a non-parallel state such that a distance
T1itdteraabbtageemd noreaskes whid pdmicressiing stepdretrutéaiy amdistance
the fixing nmenber; and that the first outlet portion
betarngkrt hee spsobdveopblet oper theit edffe @didingedid wdth the driven
non-paral l el state such that a

portions.

2. A Coriolis flowmeter comprising:

ameasurement flow tube including first and second curved tube
portions, the first curved tube portion having a first inlet portion
through which a measurement fluid flows inand a first outlet portion
through which the measurement fluid flows out, the second curved
tube portion having a second inlet portion through which the
measurement fluid flows in and a second outlet portion through which
the measurement fluid flows out;

a fixing member which is situated in a middle position of the
flow tube as seen in plan view and to which the first inlet portion,

the second inlet portion, the first outlet portion, and the second
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di stance therebetween increases with increasing
departure fromthe fixing nenber, the first and
second inlet portions and the first and second outl et
portions being arranged symmetrically, wherein the
first outlet portion, the second inlet portion, and

oug (gﬂrgkél%¥&égutéﬂglare arranged such that
lhelr tu

axes are In a straight line, and 35

wher ei n dlstan betmegn res ect%yg dr.i ven %%rtl

betweéen rst outlet

of thonPFFgﬁngnguggc%%r et ved Yube” portions s

smal l er than a distance between respective portiao
PortHereaRA 3R FRGEONE W Tt PRE LdPVER CPERECSALY %heé Irst outlet

Coriolis flowreter according to Caim1l or 2, wherein
portherpamd drise cortdmaousl & trbmm‘eordrtcveﬁacp@r@t]@fﬁrof t he

first curved tube portion and the first inlet portion

and tthhke chiristl iQuirl etmpeeti BBingresadrienged d4im par dledselt one of
to each other, and the portions continuous wth the

a ﬁygé”yléﬁwﬂéég‘éﬂdtimﬁéﬁgffﬁ stryved fube, porthensandd through
second inlet portion and the second outl et

ortlon aryan ed n araIIeI t h e 4 : :
ARG S kT B 2o b Kb eneTof P ging qnd 'a Pipracion
through 3, wherein the fixing nepber is forned
£ oS PERIOF TP Tt T1 Lhe PRl 47 (U4 yReaLih Oinhe Tirst
an arcuate configuration in plan view S. A Coriolis
and sewsbecuavedr dhhg pPor T anmiy wiaraiing idief fiingg and second

menber is formed in a wall-1like configuration. 36
curved tube portions with the first and second curved tube portions

being opposed to each other,

wherein the first inlet portion, the second inlet portion,
the first outlet portion, and the second ocutlet portion are fixed
to the fixing member such that: the first inlet portion and the
second inlet portion are arranged in a non-parallel state such that
a distance therebetween increases with increasing departure from
the fixing member; and that the first ocutlet portion and the second
outlet portion are arranged in a non-parallel state such that a
distance therebetween increases with increasing departure from the
fixing member, the first and second inlet portions and the first
and second outlet portions being arranged symmetrically,

wherein the first outlet portion, the second inlet portion,
and the connecting tube portion are arranged such that their tube

axes are in a straight line, and
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wherein a distance between respective driven portions of the

first and second curved tube portions is smaller than a distance
between respective porticns thereof continuous with the driven

portions.

3. A Coriclis flowmeter according to Claim 1 or 2, wherein
the portions continucus with the driven porticon of the first curved
tubeporfionand1ﬂu&firstinletportionandthefﬂrstoutletportion
are arranged in parallel to each other, and the portions continuous
with the driven portion of the second curved tube portion and the
second inlet portion and the second outlet portion are arranged

in parallel to each other.
4. A Coriolis flowmeter according to one of Claims 1 through
3, wherein the fixing member is formed substantially in one of a

circular configuration and an arcuate configuration in plan view.

5.ACoriclisflowmeteraccordingtoClaim4, whereinthe fixing

member is formed in a wall-like configuration.
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