1 DESCRIPTION CORIOLI S FLOMWETER Technical Field The
present invention relates to a Coriolis flowreter that
is used to obtain a nass flow rate and/or density of a
nmeasurenent fluid by detecting a phase difference
and/ or vibration frequency paoportional to Coriolis
forces acting on a flow tube. Background Art In a
Coriolis flowreter, a tube through which a fluid to be
nmeasured flows is supported at one end or both ends
thereof, and vibration is applied to a portion of the
tube around the supportipgscroPrroNn a direction
vertical to the flowing direction of the tube
(hereinafter, a tube ddnftieh Midipairsan is applied is
referred to as a flow tube) . The Coriolis flowreter
is a mss floweter, which utilizes the fact that the
Coriolis forces applied to the flow tube when
V|brat|on is thus applied thereto, are proportional to
Teghppca! Fighdrate. The Coriolis flowmeters are well
known, and the flow tube structures thereof are
roughty rressni i gwéenition weltatsss tma Sbrapghs flbemeter that
type and a bent tube type. In a Coriolis flownreter of
istiredtoabpbhihubendspeElowhentevabdpbt Aer sy tapRIf 80mé&surement

a straight tube, mhose both ends are supported, 1in a
flﬁi&%'ég’cé@dl %s%hﬁ %Ef[e G- BHB??EeﬁiﬂaP%L' 9Pequency
axi s, a d|f ere ce in |sp acenen e st

préﬁg¥i ﬁ%i téhéorloils Eorces acting on a flow tube.

Background Art

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 thé¢30riolis forces applied to the flow tube
when vibration is thus applied thereto, are proportional to a ﬁass
flow rate. The Coriolis flowmeters are well known, and the flow
tube structures thereof are roughly classified into two types: 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,



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 flowrate is
detected. The straight tube tibe Coriolis flowreter

t hus constructed has a sinple, conpact, and solid
structure. However, there still has a problemin that
it is inpossible to achieve high detection

$e itivitg. |n contrast, the bent tube type Coriolis
2 4% e L8 dhFRkacamentoof thesEapgphtituie dypdo the Coriolis

Coriolis flowreter in that it allows selection of a

foghapeisogeretatedviet ywobn aié noupher €pd el ichS @eEThe central
In fact, it is capable of performng nass flow rate

pogetent bONtMé t St rii gt SIS | itHA Y - 1 SNV H 8% e%ence signal
the bent tube type Coriolis flownreter "include one

i 5 EQYE PSS W ays) f t see.-for exanpl e,

Y 9P 04- 05525401{}13) @éﬁe%é‘qﬁﬁ%vﬁeﬁ’q%%h&%%ef%% SipRal, the mass
r ed _in.parallel (see, for exanple, Japanese

fl@é{t eht- NG, dfm&% 3&8 Sthe gbi iRl twikeh Cardiradise flowmeter
flow tube in a | ooped state (see, for exanple, JP

thyg copgisychpd hator génpar) gompact ,dand sndideamscture. However,
driving the flow tube, a conbination of a coil and a

Eheragrdti lils hgenerptdlyl emmimyedt Regas dingshsd et d@unbicRdeve high
of the coil and the nmagnet, it is desirable to nount

detdetmiai passitdnprpot offset with respect to the
vibrating direction of the flow tube. In view of

thi spn, agneiackosefl Hond %e?gpggogy%i%?gﬁg‘%gg égétsmguperior

fl ow tubes arranged I'n a
t 0 . cOj | d magnet ,between them Thus, a
to thgégrgié%%ngge-%ypegEorlo is flowmeter in that it allows

design

selection of a shape for effectively obtaining the Coriolis forces.
In fact, it is capable of performing mass flow rate detection with
high sensitivity. Known examples of the bent tube type Coriolis
flowmeter include one equipped with a single flow tube (see, for
example, JP 04-055250 B), one equipped with two flow tubes arranged
in parallel (see, for example, Japanese Patent No. 2939242), and
one equipped with a single flow tube in a looped state (see, for
example, JP 05-069453 B).

Incidentally, as a driving means for driving the flow tube,
acombinationofacoil and amagnet 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. In view of this, as disclosed in Japanese Patent

No. 2939242 two flow tubes arranged in parallel are mounted so as



in which the distance between the two flow tubes
opposed to each other is at |east |arge enough to
enabl e the coil and the magnet to be held
t herebetween. In the case of a Coriolis flowreter in
which two flow tubes respectidvely exist in planes
parallel to each other andwhich exhibits a large
caliber or high flowtube rigidity, it is necessary to
enhance the power of the driving neans, so that it is
necessary to hold a large driving neans between the
tothwld laoeot Urgsd aThagnet hidsiegm themadopiuesl, iandebigh is adopted
the di stance between the flow tubes is of necessity

inl @hgehevrs @1st5ﬁcéiﬂéflﬂe@xﬂdt}@rﬂ&&rﬁlﬁp'ﬁﬁéybb%%sgﬁe to each
roots of the flow tubes. However, an increase in the

Ves tq i the fixing.end pqrtian

o oy eet chetr ) Tl d ot din o sl gy 5T andEhe magnet
deficiency. in rigidity at the fixing end portions,

tovﬁ?hﬁ?ﬁa ]\'I}@?ﬁ?{;’egf’ﬁﬁf"vi bration | eakage is likely to
occur (the flow tubes vibrate ow ng to bending
vi brBR i GaRe ofer FRE1QLbpaflovmebaksinuh)iciOtwohélow tubes
ot her hand, in the construction as disclosed in JP

re §he6OUB3L Bexiis tulri ghave s paghe 11 aw ¢aditot ek @@RBEhich exhibits
anot her problem is involved: as shown in Figs. 11 and

a lh2geidalibdebessifty fiow tib el 4108, Rrid H%S%Q%%%Qé:o enhance

exi st between a first curved tube portion

Lon_ 103 f_that
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in the f.iqure is rather difficult and, further, there
a Yakar Srduiliid medpe hethrebnbne oo itk ibaso prBESars design

., of the tubes, .
is adopted inwhich the distance between the flow tubes is of necessity

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 occur (the flow tubes vibrate
owing to bending wvibration, and then the vibration leaks out).

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. Because of that necessity,
the quick manufacture of the bends shown in the figure is rather

difficult and, further, thereisa problem in terms of the resistance



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 Corio lis f |owreter which is not
susceptible to vibration | eakage, and which is easy
to manufacture and provides high durability. To attain
the object of the present invention, there is
provided, as shown in Fig. 1 illustrative of its
basi c construction, a Coriolis flowreter 11 for
to qhtedistimg oft theattubaze of a mass flow rate and a
density of a measurenent fluid through detection of at
| east one of a phase difference and a vibration
frequency proportional to the Coriolis forces acting
f fir econd curved tube portions 2
Dl%ﬁ%?%g%% ﬁ%tf%qﬁ|ﬁ%§é§ﬁﬁégéurenent flow tube 1 by
vibrating the first and second curved tube portions 2
and TRORHq SRR VP bhpo Bad Desndarde shYdrv G nthaaPRYe Pyoblens
first inlet portion 4 through which the neasurenent
in thepd itikomet i n TAnts anfobbecioof] e ppesenbrieraniriougho provide
whi ch the neasurenent fluid flows out, in the first
a C6diyEds tllkempardr @hidh dod Sesoast il ettgooibranién leakage,
through which the neasurenent fluid flows in and a

ancﬁ%q QUt le@ls P infihn £A QUG MY s TBRFUIRIRINi1ity.

flows out, in the second curved tube portlon 3,

's.”e"ﬁ”;%t%ﬂa%t%eﬁloa%rf? o Ponaft ATl (et afBroviceo,

seen i.n Vi ew, the first in|et portiaon 4,
as Seodhdn g Lo hushr - ivhatsity PF‘§€LC&HI}S€F%FH“M3 goriolis

and the second outlet portion 7 are fixed to the

flommetey ddnor ®btaiaing weife Measdt iooe tof wehaessxifdgw rate and
menber

a density of a measurement fluid through detection of at least one

of a phase difference and a vibration frequency proportional to
the Coriolis forces acting on a pair of first and second curved
tube portions 2 and 3 constituting a measurement flow tube 1 by
vibrating the first and second curved tube portions 2 and 3 while
being opposed to each other, including: a first inlet portion 4
through which the measurement fluid flows in and a first outlet
portion 5 through which the measurement fluid flows out, in the
first curved tube portion 2; and a second inlet portion 6 through
which the measurement fluid flows in and a second outlet portion
7 through which the measurexﬁent fluid flows out, in the second curved
tube portion 3, in which: a fixing member 8 is provided so as to
be situated in a middle position of the flow tube 1 as seen in plan

view; the first inlet portion 4, the second inlet portion 6, the



8, tube axes of the first inlet portion 4, the second
inlet portion 6, the first outlet portion 5, and the
second outlet portion 7 are arranged in the sane
pl ane, the first inlet portion 4 and the second inlet
portion 6 are arranged in a non-parallel state such
that a distance therebetween increases as they depart
fromthe fixing menber 8, the first outlet portion 5
and the second outlet portion 7 are arranged in a
non-paral l el state such that a di stance therebetween
firstreakkst gwnthian depand thensebendioiniegdriad; 7ande fixed
the first inlet portion 4 and the second inl et
topoti¢i Pix fhg ahddie & rasid duf ltele fRRELIOA BoabHet B€xing member
second outlet portion 7 are arranged symetrically.

g, RUBd akest Of %H@if@r%tﬂeiﬂpéggﬁdnoéi&rhﬁ,pfﬁéﬁsrb&:lognd i’.nlgt portion

invention, there 1s provi as shown |
riqlis, fl er 11.for. obtajning at_ Least. gne of ,a
o, i g PRFEEE e st ieR it the e dope i Bty idn 7 are
through detection of at |east one of a phase
argppged dic he fRre Py pBRat i flrsfutntst progddian érand the second
the Coriolis forces acting on a pair of first and
inkel gk tiev ed anthe mpramndeshin2 aandn3peondflelustage such that a
nmeasurenent flow tube 1 by vibrating the first and

di Seoorel thyrebdtwhbhe modas¥sa2 tABY d2pitit r&®EAE fixing member
opposed to each other, including: a first inlet
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inand a first ou t portion 5 throug

t fluid t, in.t first t ub
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. the neasurenent fluid flows in and a second 6 outl et ,
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, out, in the second curved tube portion 3, in which: a
inketxppgtienpeang the second inlet portion 6, and the first outlet

portion 5 and the second outlet portion 7 are arranged symmetrically.

Further, to attain the object of the present inventicn, there
is provided, as shown inFig. 1, aCoriolis flowmeter 11 for obtaining
at least one of a mass flow rate and a density of a measurement
fluid through detection of at least one of a phase difference and
a vibration frequency proportional to the Coriolis forces acting
onapairof first and second curved tube portions 2 and 3 constituting
a measurement flow tube 1 by vibrating the first and second curved
tube portions 2 and 3 while being opposed to each other, including:
a first inlet portion 4 through which the measurement fluid flows
in and a first outlet portion 5 through which the measurement fluid
flows out, in the first curved tube portion 2; and a second inlet

portion 6 through which the measurement fluid flows in and a second



I's provided so as to be situated in a mddle position
of the flow tube 1 as seen in plan view, 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 nmember 8; a connecting tube
portion 9 is provided between the first outl et
portion 5 and the second inlet portion 6, for
connecting the two portions; in the fixation to the
fixing menber 8, the first inlet portion 4 and the
outSEEONSort 1%t 7 Pet £ b@gh 6wl €h af ki anpedsh PeeAONE PRI Al FBbws out,
state such that a distance therebetween increases as
t §g3§y i X r.8, the,ficst.
JJ}S%?%ion (%ﬁ%ﬁ$ﬁ%§2@%%%@02%?§§?%bo%?ighgghéré E19H£&¢$ember 8
. arranged, in a npon-paral]el state such that a.distance
3.5 HAERn 25 HOy BRsebt iRt Eheyp doBafic S BRRERASR REnghe Tlow
menber 8, and the first inlet portion 4 and the
tubkechmp i8¢t WorRidh Glewnd thee ¥rgtsindetimart issy ¢; dhe second
5 and the second outlet portion 7 are arranged
inlstmpentiical by ; thanil tdie chitlet: part bnpdr tarmmh the sbeond outlet
second inlet portion 6, and the connecting tube

poIdr 0 @i RedltfARHENF SHiGly hBAbetUPL adx@Sn &t idd1®ube portion
three portions are in a straight line. Further, to

af tain. it ' f J i nv ' [
o el MR SR SR B Pl f i the second
,_.Sybstantially _in a circular configuratiqgn or an . .
inLRt DAt 10N PY oEP Rt PSR PIAFh it PRATLABE; 1B the fixation
attain the object of the present invention, the 7
to fheg ﬁéX#@ﬁb@meerSBﬁoﬁh@dfiﬁsﬁ alet|paetion 4 and the second
configuration. Due to this construction, when the
inlfetr portione® tubeaporhped in a non-parallel state such that a

distance therebetween increases as theydepart fromthe fizxingmember
8, the first outlet portion 5 and the second outlet portion 7 are
arranged in a non-parallel state such that a distance therebetween
increases as they depart from the fixing member 8, and the first
inlet portion 4 and the second inlet portion 6, and the first outlet
portion 5 and the second outlet portion 7 are arranged symmetrically;
and the first outlet portion 5, the second inlet portion 6, and
the connecting tube portion 9 are arranged such that tube axes of
the three portions are in a straight line.

Further, to attain the object of the present invention, in
the Coriolis flowmeter, the fixing member 8 is formed substantially
in a circular configuration or an arcuate configuration in plan
view.

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



2 and the second curved tube portion 3 are vibrated
whi |l e opposed to each other (Fig. 1 shows the state
where a repul sive action is generated in the driving
nmeans; in the case of an attracting action, the
directions of the arrows in Big. 1 are reversed), the
fixing nenber 8, to which the first inlet portion 4,
the second inlet portion 6, the first outlet portion
5, and the second outlet portion 7 are fixed,
recei ves at each fixing portion a torsional stress due
fixtvi et @Nals WiRld A GOMLANLaq kel EnE iIRRRHHIGN .

i bration. However, as shown in Fig. 1, the Tirst

i nlet rti.on 4 _an t he seco i,nl et..parti .
not Tt 8P 11T SoBRER oo hen e T RRE BRrPaft e portion
portion 5 and the second outlet portion 7 are not .

2 apgr kheefecerd cativesd Hatbe Pomtdon FurtReribiaeediwlsile opposed

inlet portion 4 and the second inlet portion 6, and ]
to thehf bthero(Fiet battawn theasdathewberena repnlsive action is
portion 7 are in symetrical positional relationships.

gentMéted YHhahd 8eiTin§mediisetdntithechpeetd DanZabtadhing action,
second curved tube portion 3 are vibrated while

theo%ﬁ??é.ec“li.ibﬁseg%htﬁtehgfroﬁgeiﬁ °f§é]9nf‘|are3trre%%§:é¥t9 L @he fixing
t he I 4 and t
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first outlet portion 5 is also canceled by these two.
6, peafiesbiqutlaihboaikdion Py aed\ihf secend UELREIRRE O 7 are
in the fixing nenber 8, and the | oads applied to the
fixkid,streicelioes pborebaoh #ixihg secbhehialtairpioniabretgess due to
the first outlet portion 8 5, and the second outl et
a tRliioRn 17 vabe ataduc ednvAatedifghy a denditiony iba attien .

present invention, even if the

However, as shown in Fig. 1, the first inlet portion 4 and
the second inlet portion 6 are not parallel to each other, and the
firstoutlet portion 5andthe secondoutlet portion7arenot parallel
to each other, either. Further, the first inlet portion 4 and the
second inlet portion 6, and the first outlet portion 5 and the second
outlet portion 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 a result, substantially no vibration is generated

in the fixing member 8, and the loads applied to the first inlet

portion 4, the second inlet portion 6, the first outlet portion



rigidity of the fixing nenber 8 is low, and if the
mass is small, it is possible to effectively restrain
vi bration | eakage. Further, as shown in Fig. 1, the
first outlet portion 5 the second inlet portion 6,
and the connecting tube portion 9 are arranged
continuously in a straight | i%he, so that, accordi ng
to the present invention, it is possible to enhance
the productivity and durability of a Coriolis
flowreter. According to the present invention as
described in CGaiml, it is possible to provide a

S Caicoltihe faesimmst outsitc poird oot 7s alrjee ceducedui br at i on
| eakage. According to the present invention as
descAckeddinglyai ar@orditg it pASSHIY S0 iPFRHIASE even if the
Coriolis floweter which is not subject to vibration

rilﬁﬁﬂk%gﬁofaﬁﬂ_e"\f‘iffhé @l g0 i%a'i‘H%?CgH& & ﬁ%é’rr&vélsdg% small,

i gh rability. According to the present Tnvention

PP R s P Ehh e Ll R R ek BLb PO SudRalauey  Burther,
ossible. to frovide,a Coriolis floweter which is

asiBRERetpstifit 1o Vibriioth Tdkelg@orAdeer divngheo sefend inlet

present invention as described in Caim4, it is
PopEientl,cand thesioaneca ingdudie port hon Barnssm ghénged constinuously
of a Coriolis flowreter. 9 Brief Description of the

inDaaskngsgktglide] ss@ tdehgmaldcondiow @b aheopkelskht invention,

fl ommeter according to an enbodi nent of the present
itﬁ@ﬁﬂgéfﬂleégénﬁﬁﬁéﬁ%ﬂekﬂ%dﬁﬁﬂf%ityanddurabilityofaCoriolis
flowmeter.

According fo the present invention as described in Claim 1,
it is possible to provide a Coriolis flowmeter which is not subject
to vibration leakage.

According to the present invention as described in Claim 2,
it is possible to provide a Coriolis flowmeter which(is not subject
to vibration leakage, and which is easy to manufacture and preovides
high durability,

According to the present invention as described in Claim 3,
uniform fixation is possible in the flow tube circumferential
direction, so that it is possible to provide a Coriolis flowmeter
which is more resistant to vibration leakage.

According to the present invention as described in Claim 4,

it is possible to achieve a reduction in the weight and cost of

a Coriolis flowmeter.



construction of a main portion of the Coriolis
flowreter. Fig. 2 is a longitudinal sectional view of
the central portion (including the casing) of the
Coriolis floweter of Fig. 1. Fig. 3 is a diagramfor
conpari ng conventional Cori ol Ps flowmters with that
of the present invention, in which Fig. 3(a) shows
the type in which the inlet portions and the outl et
portions are directed upwards as seen in the draw ng,
and Fig. 3(b) shows the type in which the inlet

Br st theFrer Helkl e eo buthetDpawingds are directed
horizontally as seen in the drawing. Fig. 4 is a
di agriam showi &g chefhiatdtc edkado fentCoafidllia pfiesmeter according
invention, in which Fig. 4(a) is a main portion front

to \Hrﬁ\%mﬂac&merf't L, th% §r§%‘éh't°@,§1kre\h't§Wnt akep §h8ﬁ9nbh€he basic

ltne Al-Al of Fig. 4(a), Fig. 4(c) is a sectional
cor\@terv{’l erllqlcz‘fgng?adlgue llew OBn ngf &5? digrkoffg)flgﬁﬂrgeter

di agr.am showi ng a second errbodl ment of th r esent

i nvéritd-oh, 15 A Wﬂ%‘%ﬂ@a%ésftulgnélrfﬁ’r??‘ B% ‘F*F%ﬁeﬂt&ﬁtl portion

view, Fig. 5(b) is a sectional view taken along the
(indlnelisy Ahefcasingls(@l , thei Gorbgksi Elowmaker ophl Fig. 1.

view taken along the line B2-B2 of Fig. 5(a), and

Fi g.Fi2f.d)3i $saasidimgtisaw 0br Ficgnpaidhg Movemtiiorl Coriolis

di agram showi ng a third enbodi nent of the present

fldﬁMﬁ@%lﬂrP t‘ﬂ'altCBfFﬂge f&deh s ﬁ&@iﬂlo@f)”ﬂno%flbﬁnhg 3(a)

view, Fig. is a sectional view taken al ong

sho%iwh g¥§g f}g Jtc.Jlfl) %PI na ﬁégth&gi% &g)ana‘éZ:ﬂ)eSSﬁE%ge%ortlons

are Id%'rec(tdgd Iu%w%rsc’ilsdgsvlsg\gnognl:ltge g)(.aallng, and Fig. 3(b) shows
the type in which the inlet portions and the outlet portions are
directed horizontally as seen in the drawing.

Fig. 4 is a diagram showing a first embodiment of the present
invention, in which Fig. 4(a) is a main portion front view, Fig.
4(b) is a sectional view taken along the line Al-Al of Fig. 4{a),
Fig. 4(c) is a sectional view taken along the line Bl1-Bl of Fig.
4(a), and Fig. 4(d) is a side wview of Fig. 4(a).

Fig. 5is a diagram showing a second embodiment of the present
invention, in which Fig. 5(a) is a main portion front w}iew, Fig.
5(b) is a sectional view taken along the line A2-A2 of Fig. 5(a},
Fig. 5{(c) is a sectional view taken along the line B2-B2 of Fig.
5(a), and Fig. 5(d) is a side view of Fig. 5({(a}.

Fig. 6 is a diagram showing a third embodiment of the present

invention, in which Fig. 6(a) is a main portion front view, Fig.



Fig. 7 is a diagramshowi ng a fourth enbodi nrent of the
present invention, in which Fig. 7(a) is a main
portion front view, Fig. 7(b) is a sectional view
taken along the line Ad-A4 of Fig. 7(a), Fig. 7(c) is
a sectional view taken along ¥he line B4-B4 of Fig.
7(a), and Fig. 7(d) is a side viewof Fig. 7(a). Fig.
8 is a diagramshowing a fifth enbodi ment of the
present invention, in which Fig. 8(a) is a main
portion front view, Fig. 8(b) is a sectional view

6 (b lakien salseog itdna 1l miewABakbnodléng. t18 d)ine Ri3gABEd) Hig. 6(a),
a sectional view taken along the line B5-B5 of Fig.

Fid( a9 (c)antd R Ged{ibndls v e FRREE W10k He @iﬁ)a BE'—BB of Fig.
9 is a diagram show ng a sixth enbodi rrent of

esaq{]g] ve Ny .| ( |s
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2" sdtdoiats A BhRYARBAAAT 2 g‘aébogsm%pt b e present
9(a), and Fi 9% isasiqle V|ewof Fig. 9(a). Fig.

invgntiomn Jémg@nm g vildw) s heniengaanophek ierafpbatoview, Fig.
the shape of the fixing nmenber, in which Fig. 10(a)

7(b)s iz far eechibewl ofieca Cokenl alohd ovinetldne B4gA416E£( Big. 7(a),
is a sectional view taken along the |ine A7-A7 of

Fidi @ (b0 ilR)a sfeictichi( @helvs t@k%@zch'lgﬂal tHée!\iﬁékﬁfl‘ B4 of Fig.
along the |line B7-B7 of Flg 10 ,andFlg 10(d)
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t ubI &lglo'fs H- o tigrgram ﬁ‘lo‘ﬂng a 1%tg eIrY}éoe J.rr?efng f(]jef H‘;e\,\f}resent

invention, in which Fig. 8(a) is a main portion front view, Fig.
B8(b} is a sectional view taken along the line A5-A5 of Fig. 8(a),
Fig. 8(c) is a sectional view taken along the line B5-B5 of Fig.
8(a), and Fig. 8(d) is a side view of Fig. 8{(a).

Fig. 9 is a diagram showing a sixth embodiment of the present
invention, in which Fig. 9(a) is a main portion front view, Fig.
9(b) is a sectional view taken along the line A6-A6 of Fig. 9{(a),
Fig. 9(c) is a sectional view taken along the line B6-B6 of Fig.
9(a), and Fig. 9(d) is a side view of Fig. 9(a).

Fig. 10 is an explanatory view showing another example of the
shape of the fixing member, in which Fig. 10(a} is a front view
of a Coriclis flowmeter, Fig. 10(b) is a sectional view taken along
the line A7-A7 of Fig. 10(a), Fig. 10{c) is a sectional view taken
along the line B7-B7 of Fig. 10(a), and Fig. 10(d) is a side view

of Fig. 10(a).



Best Mbde for carrying out the Invention In the
follow ng, the present invention will be described
with reference to the drawings. Fig. 1 is a schematic
view of a Coriolis flowreter according to an

enbodi ment of the present in¥kntion, for showi ng the
basic construction of a main portion of the Coriolis
flowmeter. Further, Fig. 2 is a longitudinal sectiona
view of the central portion (including the casing) of
the Coriolis flowmeter of Fig. 1. In Figs. 1 and 2, a
Cor Faki.sl ¥ § swes mspelcdt iatecot el od the €hew tmbesenf a conventional
i nvention includes a casing 12, a single flow tube 1

cor(iernel Fakaletehis is referred to as a flow tube)
accommodated in the casing 12, a drive device 13, a

Se”%@g.p%t QN o g‘i%gs be 'Ea‘ﬁ'g'ég £13WP Hube@l o¥ ‘%‘&% 1 qn
det ecti ng sensor a tenperature
(not shown), a signal conputatlon processi ng portlon
(not shown) for perform ng conputation processing on
a mass flow rate, etc. based on a signal fromthe
Bes¢cMOBE FOILt COXIYARG abtekbet ANVERtion cuit portion
(not. shown) for exciting the drive device 13. In the
f ol Enviheg fol howenge ienentsemt liintn diescwi bethe decribed with
casing 12 has a structure resistant to bendi ng and

refe@ed8Ntol2neFdrbi@hgst he casing 12 is formed in a
size |l arge enough to acconnodate the flow tube 1,

Wt Ry ?Ofi g E@H&ﬁ%tﬁcf\ﬁ ev] ¥ Q%é{-‘ﬁoeﬂg %%te;r 'a%gording

positron being nounted thereto. e casi
to Iﬁ%r%ﬁ%ﬂé%gg a?| 0, e Caépnacbll%t?gn :{C?I%,ec htonrelng tli]le basic

construction of a main portion of the Coriolis flowmeter.

Further, Fig. 2 is a longitudinal sectional viewof the central
portion (including the casing) of the Coriolis flowmeter of Fig.
1.

In Figs. 1 and 2, a Coriolis flowmeter 11 accordiné to the
present invention includes a casing 12, a singile flow tube 1
(hereinafter, this is referred to as a flow tube) accommodated in
the casing 12, a drive device 13, a sensor portion (not shown) having
a pair of vibration detecting sensors 14 and 14 and a temperature
sensor (not shown), a signal computation processing portion (not
shown) for performing computation processing on a mass flow rate,
etc. based on a signal from the sensor portion, and an excitation
circuit portion {(not shown) for exciting the drive device 13.

In the following, those components will be described.

The casing 12 has a structure resistant tobending and torsion.



including the flow tube 1. The casing 12 is filled
wWth 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 is nounted to
the fixing nmember 8 by an appfopriate neans. The
fixing menber 8 is fornmed in a circular configuration
in plan view. Al though desirable, it is not always
necessary for the fixing nmenber 8 to be of a circular
configuration in plan view That is, for exanple, it
Fumghehetheoasd nasl 2 i ko rmedentesipé largecsangitaraccommodate
configuration in plan view or, as shown in Fig. 10,
thd tr 1Y thde ar med t&s aareahg meXbBe PefbersiBingftee flow tube
Coriolis floweter 1". Further, in this enbodi nent,
.t h b X | S r : :
1 iofort 1308 SEREmdulced UGS PabEhir i Sesipo 42 18 0
si ngl e | goped surenent conduj { it is alwa ot
ForMAtERS 5P Y GRPERLS PR QURAE I Bhe BRIPHOTHL O OF g ghowmeter
. looped conduit, as described in detail below w th, )
;ncrlef%r@w@@e féouw Spkehl entBu maning lZhéspfesbad with an inert
invention), and includes a first curved tube portion
ga anth secabrcwaed Duee tpordheorfil lamgangeadh tde amert gas,
to be opposed to each other, and a connecting tube

corRRIdad ond SFORIRC L NGy tifhd 17,Ste 1l iad gridheird.i on 2
and the second curved tube portion 3 to each other.

As ' : t [ ELg. .
(SSUNG 11318 AT, UL B L0 pEOY R B bropriace
e, AR50 o RASSEL 0 oL BB b BRI ot suration

. fornmed substantially in an elliptical configuration,
in pileR BoeW- bdiigishgasddaahd thépi rehtalways necessary for

the fixing member 8 to be of a circular configuration in plan view.
That is, for example, it may be formed as a fixing member of a
rectangular configuration in plan view or, as shown in Fig. 10,
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
(i1t is always not necessary for the flow tube 1 to consist of a
single looped conduit, as described in detail below with reference
to a sixth embodiment of the present invention), and includes a
first curved tubeportion 2 and a second curved tube portion 3 arranged
so as to be opposed to each other, and a connecting tube portion
9 connecting the first curved tube portion 2 and the second curved

tube portion 3 to each other. Assuming that the arrow P and the



direction. The first curved tube portion 2 has a first
inlet portion 4 through which a neasurenent fluid
flows in and a first outlet portion 5 through which
the measurenment fluid flows oyt. The second curved
tube portion 3 has a second imnlet portion 6 through
whi ch a neasurenent fluid flows in and a second
outl et portion 7 through which the neasurenent fluid
flows out. The connecting tube portion 9 is provided
between the first outlet portion 5 and the second
aryel & 1npigi oh I&SPestdvedy hbddsatenkthe starcidaly dimestion and
portion 9 is provided for the purpose of connecting
the hofizattautdietegidom,onhe dhdstheursed ansbé MeRttion 2 and the
portion 6 to each other. The first outlet portion 5,

seddred saeond tidMe%%ozf@I&ﬂ 9% e £tk d BELECRREER D g el liptical

portion 9 are ormed and arranged such that They are
ﬁfg&' ec t er_.i strai,ght _lin .
o olltuﬂ%?yiﬁ/o%/ dgfl I%?’ha{bgg Re %ggé ofe]ﬁqle&tt%cge uEgg gt?%rlzontal
d.in a. straight line. The first inlet portion 4, the
LIG 1 nl et portion 6, the first outlet portion 5,
and the second outlet portion 7 are fixed to the
fiXVEEFrﬁ%ﬁ&érCBFV$ﬁetﬂgﬁsP0rhi@m Pparas enfdrardinhet portion 4
second inlet portion 6 are fixed and arranged in a

thmorglpahabhel msasheenenh £ihfiat £1dwes dinsdmdeef Desweft let portion
themincreases as they depart fromthe 14 fixing

5 tAeshgh Whicoitel Iﬁ‘ééé’uréﬁénf:i?fﬁ{icp?ﬁbﬁg AoFLi %e’sagggln%i curved

the second outlet portion are fixed and arran

e 89050y ) 3 UL 16 Sl EE M uronent

L Further, the first inlet rtion 4 and_the
fldid tlows in 'and a second ouggeg portion 7 through which the

measurement fluid flows out. The connecting tube portion 9 is
provided between the first outlet portion 5 and the second inlet
portion 6. Inotherwords, the connecting tube portion 9 is provided
for the purpose of connecting the first outlet portion 5 and the
second inlet portion 6 to each other. The first outlet portion 5,
the second inlet portion 6, and the connecting tube portion 9 are
formed and arranged such that they are continuously connected
together in a straight line, in other words, that the axes of the
three tubes are in a straight line.

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. The first inlet portion 4 and the second
inlet portion 6 are fixed and arranged in a non-parallel state such

that the distance between them increases as they depart from the



second inlet portion 6, and the first outlet portion 5
and the second outlet portion 7 are fixed and
arranged so as to be in symmetrical positiona

rel ati onships. Here, by looking at a state where the
first inlet portion 4, the ddcond inlet portion 6,
the first outlet portion 5 and the second outl et
portion 7 are fixed to the fixing nmenber 8, it can be
recogni zed that they are fixed in the sanme pl ane;
however, the way in which the first inlet portion 4,

fidifiRy REEOAH 8i.N| @imPDAF] PN the Fiher it Bét pHktebn®EhE @Re second
, and the second outlet portion 7 are fixed to the

5
i %l r ' [ t:hj s, -
oot MTTIRED fod dided S Shddh M 5 defioparaliel state
e.effected,such that _the first ,inlet portiop 4 and
sucthdFietoohs SLEFERCD AT LHeh CreRseSans phanERRFt from
that the first outlet portion 5 and the second |nlet
thepdrigiigyy member; §.¢ hBustherpl bhe. fixrseriial prRrbfon He and the
first inlet portion 4 is led to the exterior in order
secdomdal hbdet ipdfdtdwnoé, antdebkarfanestt ofit bet pordritdreb ,ardld ke second
the termnal 4a, a termnal 7a of the second outl et

outh@tt F@@tiohs’i lgk flikeldNBnBXhethRfelsPa@etot Pedld GWmmetrical
outfl ow of the neasurenent fluid. The term nal 4a and

PO35%34#§Tﬁf@¥at§%g%5§P%qd out so as to be perpendicul ar

to the arrow 1 and as to be opposite to each

other. A 15 asurenent fluid flowing i.n through the .

Cer e BE 1OFHE Al 8t St rHP QNG (1 AT FhoLLtt portion 4,
through the first curved tube portion 2, the

thec gegoad Adglelb®opdiono® o thend insd saddrd porident dheand the
portion 3 before flow ng out through the termnal 7a

secohdt batdetopdrbivhel? are fixed to the fixing member 8, it can

be recognized that they are fixed in the same plane; however, the
way in which the first inlet portion 4, the second inlet portion
6, the first outlet portion 5, and the second cutlet 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.

A terminal 4a of the first inlet portion 4 is led to the exterior
in order to allow inflow of a measurement fluid. Further, like the
terminal 4a, a terminal 7a of the second outlet portion 7 is led
to the exterior in order to allow outflow of the measurement fluid.
The terminal 4a andthe terminal 7a are ledout soas tobeperpendicular

to the arrow P of Fig. 1 and as to be opposite to each other. A



portion 7 (as for the flow of the neasurenent fluid,
see the arrows in Fig. 1). The first curved tube
portion 2 has, in addition to the first inlet portion
4 and the first outlet portion 5, substantially
arcuate curved portions 15 av 15 and a strai ght apex
portion 16. Simlarly, 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 15 and a strai ght apex portion
medSurdhenhpbkujpdritlicoints iof thimeufihr the cienmechaliba of the first
portion 2 and the apex portion 16 of the second
inD&t Veslrt UBR POophboes tiRFSugh' BRgetlirsh Parebdetubet fodtion 2,
gap therebetween | arge enough to hold the driving

th?ﬁ%&ﬁ% Stin%ifﬂﬂea'blo¥tﬂaﬁe9c%1\(8dtlpé;:]st IC?JEJ%I E:%r%gi ]cgib%f portion

urved tube porfion 2, € Ccurve

ortions 15 and:15 of th econd curved t portion
3 SEEE T airigth St Bobal ERe, CodriaRh T3 BioEtBngagRRd outlet
to hold the vibration detecting sensors 14 and 14.
porqpioR it dasi fpetthrofdpync  theaimeprsusensnd Fhnbkd, foe ithe arrows
6 are formed and arranged such that the distance
inthbyebkl ween is large at the position corresponding
to the curved portions 15 and 15 and that the

di steHe e itrher ehet¥8anidsS pohtlibnat HaAe BASAddPPion to the first
corresponding to the fixing nenber 8. Simlarly, the

infpé.otF ?F}g%ﬂ%hetf alq?rtthieogiPs@ggtigté!fecl&etsiuagg{]%g?%t laglttially arcuate

are fornmed and arran

di .th t is_| cat. th it _
ot BERGHETRG 1 O e R AR DT SREX D PSS an dinilarly,
that the distance therebetween is small _at the
theyoigeenmh €eFved pomk mpitolahed fhag nglhedrstkt pn to the second

inlet portion 6 and the secondoutlet portion7, substantiallyarcuate
curved portions 15 and 15 and a straight apex porticn 16.

The apex portion 16 of the first curved tube portion 2 and
the apex portion 16 of the second curved tube portion 3 are arranged
in parallel with a gap therebetween large enough to hold the driving
device 13. Similarly, the curved portions 15 and 15 of the first
curved tube portion 2, and the curved portions 15 and 15 of the
second curved tube portion 3 are arranged with a gap therebetween
large enough to hold the vibraticn detecting sensors 14 and 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 15 and that
the distance therebetween is small at the position corresponding

to the fixing member 8. Similarly, the first outlet portion 5 and



Since the distance between the first inlet portion 4

and the second inlet portion 6 is small at the fixing

menber 8, vibration |eakage does not easily occur.

Further, as. described below,  a structure is adopted

whi ch cancels a torsional strss. Substantially no

vibration is generated in the fixing nmenber 8. Note

that, the material of the flowtube | is one usually

adopted in this technical field, such as stainless

steel, hastell oy, or tltanlun1alloy The driving
theeiscend Piohalt Poitieg 7herechesregond @rnsagsss suchethat the

first curved tube portion 2 and the second curved tube
dipoancenthérebetheerd | Dsv Tawbge lat ot Né bpas et véi | @oﬁﬁ@@p@ﬂdlng to

to each other, and is equipped with a coil 17 and

théﬁﬁﬂﬁﬁedfboﬂﬁﬁbﬂg'ﬂﬂ %%ddQ$'8ﬁd1%hgksgﬁ &Pﬁ?gn?% {ﬂgrebetween

center of the apex portions 16 an

s ot en t | n_ot he
is 0.0 f?ﬁd“‘? r?‘i.mfﬁév‘?%lda%?%f?%%n Satng "SI pepper o
not offset to the vibrating direction of
t he thﬂ?ﬁe is E itﬁﬁwelep dthe fdralti Rbgt RaAdeon 4 and the
is mounted to one apex portion 16 of the flow tube 1
seqgnd;sinde ta rdadiioat edisroamal hqtt ddie fiRdinghsembakt fougtbration
not particularly shown, an FPC (flexible printed
leaﬁ&gﬂﬂdQe&rneteehBiEyMbceukS | edreuerf r e e @Gbedl below, a
The magnet 17 18 of the driving device 13 is nounted

sthethilie ot figr ameytpart Wl chl6 @ﬁné Bs 1 QW tUhe LM stress.

usi ng a dedi cat ed nountlng t ool en an attracting
er_at V|n devi c
suffEhi i 0P S 15 SR 0 g Tl memver o,

resﬁlottethat,thematerialoftheflowtubelisoneusuallyadopted
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 of the flow tube 1 to vibrate while opposed to each other, and
i1s equipped with a coil 17 and a magnet 18. The driving device 13
is arranged at the center of the apex portions 16 and 16 of the
flow tube 1 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 apex
portion 16 of the flow tube 1 by using a dedicated mounting tool.
Further, although not particularly shown, an FPC (flexible printed

circuit) or electric wire is led out from the ccil 17. The magnet



that the apex portions 16 and 16 of the flow tube 1
are brought <close to each other. In contrast, when a
repul sive action i's generated, the apex portions 16
and 16 of the flow tube 1 arqﬁnoved away from each
other. Since the flow tube 17's fixed to the fixing
menber 8 as descri bed above, the driving device 13 is
constructed to alternately drive the flowtube 1 in
the rotating direction around the fixing nmenber 8.
The vibration detecting sensors 14 and 14 constituting
18 1o the f3ovidyt t98H o  sdfsBpynted Het beej pgher apex portion
vibration of the flowtube 1 and for detecting a
16 phiasthai fIewetglkee pt dpprins mal a t ded heatCod inndirst idgrcesl .
acting on the flow tube 1, and are each equi pped wth

a COilen b9 aRdraciRgpedceib Theg8RBERESqaNE thel driving device
restricted to the ones as described above; they may

l3,a|1§9e%a 78 chﬁllgélaéé nil?f@oﬁﬂié’cm?f.ti"?al f;%‘t?n&le result

or capacTtance type or distor ype (pieZoe ric
t nmeans as | pn they are abl e of detectin
thaf) FHa "SR Sk To it 1§ o h e e G adndbrought
vi bration detecting sensors 14 and 14 thus constructed '
cloge & rapgedother -exdipl@ntmagfosi vhemsawrepiAsavearmption is
where they are held between the curved portions 15

gerssuh tled oft hiehaepbkopo ttihen s 1 caaddwhercs theyf e tdgdeedt are moved
t he phase difference proportional to 18 the Coriolis

awd\PiEeem dhehSEREE! | W ntQl tRe1B14F thitR Vi PE atil@ to the fixing
etecting sensors 14 and 14 are nounted to one curved

me nmj%itsioﬁalggg rﬁ’ﬂ_gcﬁl{%kgér@(ré ’;F?heou%dﬁxﬁglt%j Bgvi‘cgefli’» Cfg ecdonstructed
to alternately drive the flow tube 1 in the rotating direction around
the fixing member 8,

The vibration detecting sensors 14 and 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
15 and a magnet 20 (The sensors are not restricted to the ones as
described above; they may also be such as 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 and 14 thus constructed

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

are held between the curved portions 15 and 15 of the flow tube

"1 and where they can detect the phase difference proportional to



particularly shown, FPCs (flexible printed circuits)
or electric wres are led out fromthe coils 19. The
respective nagnets 20 of the vibration detecting
sensors 14 and 14 are nounted to the other curved
portion 15 of the flow tube 1Bby usi ng a dedi cat ed
mounting tool. Although not particularly shown,
aboard or the like is provided inside the Coriolis
flowmeter 11 of the present invention. Further,
connected to the board is a wire harness |led out to
the Ko mxtidry drorasf- t he casing 12. The tenperature sensor
constituting a part of the sensor portion serves to
ef f qgle remperativiee codpensas f orthenvithea isn alétsecting sensors
flowmeter 11, and is nounted to the flow tube 1 by an

14 20y QRf | eemc{[ﬁ'?aréﬁi RS REGSdE Hdbidd 15 JPWHES ow tube

for exanple, to the first 1inlet portion 4. Further,

an FPC (fl exible i nt Lecuit r e [C W
1 RPoFeeRbw arafeBieds RRHREY: Qo (PEFLLLor H18hguan not
connected to the board. Wring and connection, are )
pargriiadipgd Y $howe s FERE (%ﬁiﬁan?i BRINhed LMt HbrIF ditectric
such that there are input thereto a detection signa
widesomrendedi tntimm dbeecoibhy sensdhel sespgatdivegnagnets 20 of
deformation of the flow tube 1, a detection signa

thd veprkhecat Betedt Dhatdeischk® 1dehpat i drrsenntkd to the other
regardi ng deformation of the flow tube 1, and a

cur htaeﬁbm ofl 993l f ft;h%%w@ t@yper e Iiaar@ Qiecif&%cf’d Rbunting

e "tenperature of the flow tube ™. In"this signha
onput ati on processing portion, conputation on a nass

tol-ow rate and a density is effected

Althoughnot particularly shown, aboardor the likeisprovided
inside the Coriolis flowmeter 11 of the present invention. 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 Coriolis
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 from one vibration detecting sensor 14 regarding deformation

of the flow tube 1, a detection signal from the other vibration



based on the detection signals input fromthe sensor
portion. Further, in the signal conputation
processing portion, the mass flow rate and density
obt ai ned t hr ough conputationlgre di spl ayed on a

di splay (not shown). The exCitation circuit portion
i ncl udes a snoothing portion, a conparing portion, a
target setting portion, a variable anplification
portion, and a drive output portion. Wring is
effected in the snmoothipng portion so that a detectjon

detgckARd PEBAPTORE LRERLAIRM %%Q%W%&%Spelﬁa?ﬁrt‘ﬁlh% 1, and

ot her vibration detecting sensor 14) nay be
a dutteccied. sEgnaherfranhetsepbehprgaporei greriersr aegarding the
function by which it can rectify and snooth the input

ten@Rira&liren £ SheFabwaigheol! PUh tthi¥s Vohi ReempueReibh@iWcessing
to the anplitude thereof . The conparing portion has

pOI?iEHqC%éﬂél&géF%hc&liat nadl f??ﬁalg%é h&d chéﬁ%iﬁgeis effected

romt ng portron w arget set voltlage
out put, fromthe target .setti ortion and control th
basgaidt the iREe 0 g ph R el e o E bR el i it s oFurther,
~ the anplitude of the resonance vibration in
in gbaf signey GPYRULAEiPArBECCeRsing RPRgRionn thee NasHy £1oW rate
construction, when a neasurenent fluid is caused to
andf diens 1 ty obdla inee £hoaughlenutatd drherdrd vspilp weev bnea display
13 is driven to cause the first curved tube portion 2

(no&ndhblg|)second curved tube 20 portion 3 to vibrate
whi |l e opposed to each other, due to a difference in

Phasgeaanefal et by. 5 %&ﬁfgﬁéiﬁéi%fi‘?f&l%c?éﬁ L&y Ald Pdrtion,

detecting sensors e mass flowrate Is
o GRRSHETASY RS Aok ERTPULRELONPIOOORN 0 variabie
amplification portion, and a drive output portion. Wiring is
effected in the smoothing portioﬁ so that a detection signal from
one vibration detecting sensor 14 (or the other vibration detecting
sensor 14) may be extracted. Further, the smoothing portion has
a function by which it can rectify and smooth the input detection
signal and output a DC voltage proportional to the amplitude thereof.
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 a 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



density is also calculated fromthe vibration
frequency. Here, the superiority of the Coriolis
floweter 11 of the present invention to the
conventional ones as shown in Figs. 3(a) and 3(b)
will be clarified with referéfce to Fig. 3. Note that,
in Fig. 3, the arrow P indicates the vertical
direction, and the arrow Q indicates the horizonta
direction. In Fig. 3 (a) , fixed to a fixing nmenber 31
are a first curved tube portion 32 and a second
poxrdiioned toupeb pat eivdri 1330oppasedthia eagh et Hdmwdteabe a i ference
first curved tube portion 32 and the second curved
in pHBSe Rt B by EhB WY fdlidorBedat @HRr $Ebth @R Ibtecting
configuration and are arranged so as to be opposed to

ser23¢ uNghq irgg ‘gllrx]%rh&? ﬁl%%f laed Q%‘,I %ggcﬁgéé%ﬁ%\’% signal

tube portion pl'ane as de
second curved tube portjon 33 ar aral,lel.to each,.
conpi gt oS B REaSFAAFHEOT F SR - oAt ibd Tpbh L F FTEBALRERE, the
a first inlet portion 34 through which the
dengdiyuiénBaeof Icgilduladingd ifrcamdhe Milbgatden dreqyencvon
35 through which nmeasurenment fluid flow out. Formed in

t heHesecohtbecanped ibahi¢ ypoift ithie Bdrdod iz fdoemetiem 4l of the
portion 36 through which the neasurenent fluid fl ows

preksBn@nintef L8Rt OUEh Etcdiffdr toibnad/ dnkis0HghsMbvEid HBigs. 3(a)
measurenent fluid flows out. The first inlet portion

andgﬁ’(%as hﬁig%rﬁ%?ﬁéiﬁgkgﬁﬁr%ieﬂ f’éfe}:Flgrf:éeEgnﬁi. Net Note that,

portion’ . e second outlef portion 37
in BXb 0 pher ChtrTEEE ok o A e s SR el Tan gnd the

be perpendicul ar thereto. Wen, in the above
arrpynet LREdrahesdithei Agrigoptrdc fdderdinden

In Fig. 3(a), fixed to a fixing member 31 are a first curved

tube portion 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 f.irst 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 the measurement fluid flows in and a 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 the measurement fluid flows in and a second outlet portion

37 through which the measurement fluid flows out. The first inlet

portion 34, the first outlet portion 35, the second inlet portion



the apex portions of the first curved tube portion 32
and the second curved tube portion 33 to cause the
first curved tube portion 32 and the second curved
tube portion 33 to vibrate m?£le opposed to each
other (Fig. 3(a) shows a sta in which a repul sive
action of the driving device is generated; in the
case of an attracting action, the arrows are
reversed; this also applies to Fig. 3(b)), bending
stresses as indicated by the arrows in Fig. 3 (a)_are
36 g@?@ta@eﬁ@conﬁq@ubéﬁamtépne?s%@%twa@émme gprEacasdfdirection,
causing the fixing portions of the first inlet
andparts erc3ded e famr stppeut Isetr faart 3dr 3F, thee fisdoendienber 31
inlet portion 36, and the second outlet portion 37 to

so \é'sbrt%t ®e ?&r‘plé%d\i%ﬁllafrakh@rre%%“ on, and, when the
di st ance tween the first inlet portion 34 and the

S.ecﬁggout Jrﬁttl'féO%\%JI s %cgn SEL '{,tﬂ or&i Mgﬁ%& Pgté{\fef Qc? between

fir et po e secon et por
37 are relatively |ar vi bration_| eakage
the df Gt Oty 6 AT ESHe T o0 GG PP ALLHB Jer %cafi*e second
direction. In Fig. 3 (b) , fixed to a fixing nenber 51
curyed huberperéapned3 tabeapde thlvh Hixrshdur et dndpe portion 32

curved tube portion 53 constituting a flow tube. The
andf thet setone detxied poutie qorid cand3t he siEbpatle awhiviesl opposed to
tube portion 53 are both forned as el lipses extending

eachNottherNqQiigontal) ¢noeet koBtaRd An’ ARARH $0 r_pull®iRR action
opposed to each other. The plane 22 as defined by the

of fchés{%r%i%{gn%é{)ﬁ?ée p%:%%% por:%cﬁ‘gntxgetrpé %%eazﬁ %ﬁf Li¢dacting

e sec curved 3 are par

th The f t b t 52 h
actflPPSttﬁﬁ|%r%%$te%%rrs%ff°“rv o ohir el Ro meP s e e 300,

fluid flows in and a first outlet . ‘
bending stressesas indicatedbythearrowsinFig. 3(a) aregenerated.

The bending stresses have the effect of causing the fixing portions
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
37 are relatively large, vibration leakage may occur due to the
above-mentioned wvibration in the vertical direction.

In Fig. 3(b), 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 formedasellipses extendinginthehorizontal

direction and arranged so as to be opposed to each other. The plane



portion 55 through which the neasurenent fluid flows
out. The second curved tube portion 53 has a second
inlet portion 56 through which the neasurenment fluid
flows in and a second outlet portion 57 through which
the measurenent fluid flows &dt. The first inlet
portion 54, the first outlet portion 55, the second
inlet portion 56, and the second outlet portion 57
extend in the horizontal direction, and are fixed to
side surfaces 5la and 5la of the f|X|ng menber 51 so
as ateRindrd hertdendl o tarcuherdt tube rpetei@bod2 and the plane as
construction, when driving is effected between the
de firea wthQHSeQBth@usééttw Vo qislies ﬂoéﬁ:boﬁaﬁglﬁaﬁ to each
the second curved tube portion 53 to cause t first

otHH Veankube, pord P&b&%ﬁgotrlﬁoie r}ga§lér \fggsttuﬂ?let portion

portion 53 to Y rate 0 pose each oth

si_onal e ses as indi cat e arfyows :
54 SRS PugR R TR AT e e By ey vl %Ee*om {hohds Byt outtet
bendi n V|brathn to be converted to torsiona
PORF%%? Shrowghhing teemepsunemmend fbisd ShawssutessThe second
generated. Thus, it is to be assunmed that there
curyecutebropei bian i oh hasakagecond irol éth@ordribnc8b through which
vi bration as nentioned above. However, the torsiona

theShé£SSré&miént F1iAa Fides inlMEh Mdﬂ@ﬂu@ie@% £th®n 57 through
torsional stress due to the first outlet portion 55

whl@hetﬁé’rn?éa@@enﬁefﬂt $$6% 4 PJ[<5£‘§ otdE gheeffz%%éinﬁgqn%ortlon 54,

further or si on ress due'to

por. 6_and t or si onal ess due,t
the, BRI EF norETen B a1 BsironaniEipattiatidf, and the
direction, so that curving deflection may
SeCBBeuPugﬁﬁttH@rFi?Pnﬁ 7 pepdcin the horizontal direction, and

are fixed to side surfaces 5la and 5la of the fixing member 51 so
as to be perpendicular thereto.

In the above construction, when driving is effected between
the apex portions of the first curved tube portion 52 and the second
curved tube portion 53 to cause the first culrved tube portion 52
and the second curved tube portion 53 to vibrate while opposed to
each other, torsional stresses as indicated by the arrows in Fig.
3(b) are generated. In the type as shown in Fig. 3(b), bending
vibration to be converted to torsional vibration, with the result
that a torsional stress is generated. Thus, it is to be assumed
that there occurs no vibration 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

portion55are torsional stresses inthe samedirection, and, further,



Referring again to Fig. 1, when the first curved tube
portion 2 and the second curved tube portion 3 of the
Coriolis flowreter 11 of the present invention are
vi brated whil e opposed to each other (Fig. 1 shows a
state in which the repul sive2dction of the driving
device 13 is generated; in the case of the attracting
action, the arrows in Fig. 1 are reversed), there are
applied, to the fixing menber 8 to which the first
inlet portion 4, the second inlet portion 6, the

thef iteats iomnd lets tpords alues, tartthe e cewbnich it Ipetr tpiam ion and the
7 are fixed, torsional stresses due to the torsiona

tordikimall efreeaventeth theopetbadheme] g pddiiaii 871 &te torsional
each fixing portion. However, as shown in Fig. 1, the

S-St kAl [ t ' t rd.d

strgsste e PP P i RE R I F Y it Rey occur

. rtian.,5 and.the second outlet portion 7 are not

1”‘% mﬁiﬁlﬁﬁamﬁﬂﬁ?ﬁn r, either; further, the first
inletfporpion 4 and the second inlet portion 6, and .
t he Reifesir iggt peaipdi Fég -5l anthemhbhe ot sutved tube portion
portion 7 are in synmmetrical positional relationships,

2 aad that sthendt onsvedatubérpssesonu2 ¢O ttHe Jarmristl iisnlfdtowmeter
portion 4 and the second outlet portion 7 are

11 62R%R] gHebbAt chiftarieibn akd +1erd 05 WBAAk ofid £53eS €4€h other
to the second inlet portion 6 and the first outlet

(FilOr §i HMows ﬁr %t%lt%oiﬁaﬂvlﬁg!:ﬁdtI{@gezﬁgtsvﬁi%nacggBﬁ’ oﬁethe driving

ubstantially no 2 ration i enerated In t
f.i xi menber B., Accoy di to the _present invention, .
devifs [dahs SrPTTALFT Stn S SASSoPLI BRSAL RS CHigmEtion, the
inlet portion 6, the first outlet portion_5, and the |
arrgugond Bddl-el PHRtTOVETSefb sHReFe aXRmRRligfh to the fixing

meerznle?:I glttoywhich the first inlet portion 4, the second inlet portion
6, the first outlet portion 5, and the second outlet portion 7 are
fixed, torsional stresses due to the torsional vibration converted
from the bending vibrationat each fixingportion. However, as shown
in Fig. 1, the first inlet portion 4 and the seccnd inlet portion
6 are not parallel to each other, and the first ocutlet portion 5
and the second outlet portion 7 are not parallel to each other,
either; further, the first inlet portion 4 and the second inlet
portion 6, and the first outlet portion 5 and the second outlet
portion 7 are in symmetrical positional 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 portion 6 and the first outlet

portion 5 are also canceled therebetween. Thus, substantially no



of the fixing menber 8 is low, or if the mass is
small, it is possible to effectively restrain
vi bration | eakage. Further, as shown in Fig. 1, the
first outlet portion 5 the second inlet portion 6,
and the connecting tube porti%ﬁw 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 Coriolis
flowmeter. As described above, according to the
vibreteon navgﬁnemteﬁtlnu‘sh@oésxbn@ nempenvs de t he
Coriolis flowreter 11, which is not subject to

Vi bratdendl eakiogesheapt asingh inre@as)or, 0 thenubaeisubs the first
and provides high durability. Next, nore specific

infﬁ@%lr%%o%f qt '%%e%ﬁdr&ljﬁﬁftbﬁga&fc}:etd}%md fPﬁéEioQPcl(gt portion

e Coriolis flowreter w scribe

5, PRS0 Efe b RERUAT S RTRLS el e sy

| ooping. a single neasurenent flow tube, and i ncl udes

of the F1¥ipoapnpes §diseloBors df ChaRasehe sBadhd Hudpdpossible
tube portion 3 arranged so as to be opposed to each

to mhect ivel ¥ hee doraiac tilbhg athilon Jeatkage .9 Eonbbketj ngs shown in
the first curved tube portion 2 and the second curved

Figube, potiéi Dirad owt ek et idmes, tRe tda-ddow A ube ;iortlon 6,
shown in Figs. 4(a) through 4 (d) , the flow tube

an@ﬁjﬂﬁ§§ﬁhﬁﬁ%ﬂﬂéthﬂﬁg bERGEnt 9 Ekg trifge8P €gnuou91y in a
the followng, Tts construction ? E % ??ﬁ

il{’& klei1 ngr H}S E ggéé/l(? 112.gljjbteo Q:%ret Ip%rés%nrﬁalnvgntlon, it is.
possible to enhance the ease of manufacture and durability of a
Coriolis flowmeter.

As described above, according to the present invention, it
ispossible toprovide the Coriolis flowmeter 11, which is not subject
to vibration leakage, and which is easy to manufacture vand provides
high durability.

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

(Example 1)

InFig. 4(a) through4(d), the flowtubel iscbtainedbylooping
a single measurement flow tube, and includes the first curved tube
portion 2 and the second curved tube portion 3 arranged so as to

be opposed to each other, and the connecting tube portion 9 connecting

the first curved tube portion 2 and the second curved tube 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 7. The connecting tube portion
9 is provided between the first outlet portion 5 and
the second inlet portion 6. Bfe first outlet portion
5, the second inlet portion 6, and the connecting tube
portion 9 are fornmed 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

3 tfd xaad rméizer. 8Inoths fooWetiihet heshawe jhafibgst hé(a) through
first inlet portion 4 and the second inlet portion 6

4 (I et Ré FangetibesS P agdudilr e dRi PRkalFkeknta 1Aty 0 R embodied.

Like the first inlet portion 4 and the second inl et

[ t fiyst [ ¢ e ;

In B Ul 768 e B S P R R B d T e sbea.
as be.in the sa ane, with the first _out]et ,
por e T4 R Cor B LB P TSR D GHerREFhginlet portion
arranged so as not to be parallel to each other. The

4 apgr fhpafigatoputheltpestiom| et Joet sepondapdrvegetube portion
term nal 7a of the second outlet portion 7 are | ed out

3 hawschhet hatondsishewpont Forg. 6 4ra) thiehegcand cutlet portion 7.
per pendi cular to the arrow P of Fig. 1 and that the

Thedbbﬁﬁbb@an'?ntmbégibﬁmr;@aigrﬁmidéa HedwddrOWhel Pirst outlet
(terminal 4a) and the direction in which the

porTRSRYVE &R ik n o Eﬁbgn I eztg%to#r(]:ti%r mMgnal o) 13 qutlet portion

opposite to each ot her. e driving déevice

ovi ded hetween the respectiv ex_portions 16 .and )
5, BheorCERBd: LPLEthPEEdoTBe POt P SOBARFTIY satihPortion o
curved tube portion 3. Further, between the respective
arecfipyrad ot t3HRNIS! Hedassterbe montimiousuined $tupright line.

portion 2 and the second
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
so 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 cutlet portion 7 are fixed toc 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 cutlet portion 7 are led out such
that, as shown in Fig. 4(a), they are perpendicular to the arrow
P of Fig. 1 and that the direction in which the measurement fluid
flows in (terminal 4a) and the direction in which the measurement

fluid flows out (terminal 7a) are opposite to each other.



curved tube portion 3, there are provided the

vi bration detecting sensors 14 and 14. A well-known
brace bar 21 is provided so as to be astride the
first inlet portion 4 and the second inlet portion 6.
Simlarly, another well-known2®race 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 fromthe fixing nmenber 8 by a

predeterm ned di stance. The arrows in the figures show

how fThe dniatny elearitcef 1 Biid provsded beuwdeh 2hel feddertive apex
flow tube 1 shown in Figs. 5 (a) through 5 (d) , the

polréddneul 6 gid e6td PR%eOF i F4te g BBhpdap Mt £418 of élgatthe second
inlet portion 4 and the term nal 7a of the secon

o e B B3 " e SR e R FRPBsave curvea

PoFfidobachhd it P BB AATHF FUSHBANL RS G L S mPeabg Phe second

out such that, as shown in Fig. 5 (a) , the direction
CugHeghiepe e s Jrefbaref axg drfdwivded rhe eibiradlionddptecting

and the direction in which the nmeasurenent fluid flows
sepabrs(ierariddld .7ah e bl theowenie addhbavrepli Lalprovided so as to

direction: see the arrow P of Fig. 1). Further, the

bet 860 1@¢ e ofirtdie ihilkst pbPl 8on PR Pt he? R Sn1et portion
v ad sut?

termnal 7a of the second outlet portion 7 are
o 2o 0 S nt e SRILoERL 08 L BLotEea oo as
to toléba?s I.Q:Lréel gﬂesfia}:sstsggg\{]e‘ic gogitgbn 55ar(1cki)th'e égéggglo%t?i)et portion
7. The brace bars 21 are spaced apart from the fixing member 8 by
a predetermined distance. The arrows in the figures show how the
measurement fluid flows.
(Example 2)

Inthe flowtube l showninFigs. 5(a) through 5{(d), 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. 4(a) through 4(d) are changed. Thus, the terminal 4a of
the first inlet portion 4 and the terminal 7a of the second outlet
portion 7 shown in Fig. 5 are led out such that, as shown in Fig.
5(a), thedirection inwhich the measurement fluid flows in (terminal
4a) and the direction in which the measurement fluid flows out
(terminal 7a) are the same (the vertical direction: see the arrow

P of Fig. 1). Further, the terminal 4a of the first inlet portion

4 and the terminal 7a of the second outlet portion 7 are led out



In the flow tube 1 shown in Figs. 6 (a) through 6 (d)
, the lead-out directions of the term nal 4a of the
first inlet portion 4 and the termnal 7a of the
second outlet portion 7 of the flow tube 1 shown in
Figs. 4(a) through 4(d) are Hanged. Thus, the
termnal 4a of the first inlet portion 4 and the
term nal 7a of the second outlet portion 7 shown in
Fig. 6 are led out such that, as shown in Fig. 6 (a),
the direction in which the measurenent fluid flows in
50 (a%itgi halarwe)gemdn hhedterter oninaey dhpEhthdirst curved tube
nmeasurenent fluid flows out (termnal 7a) are the
postihen (2 hendeth¢ Codcond et vod S@6e t BEr L6HRWS E%0§h5Wﬂ in Fig.
1). Further, the first curved tube portion 2 with t
s(bermnal 4a of the first inlet portion 4 and the
second curved tube portion 3 with the term nal 7a of

‘E§£ﬁﬁf nd outlet portion 7 cross each other as shown
6(a), and, in this state, they are led out so
to be arranged in the center line Li of the first

as
cur viBUthe dBeviding brheWann Fhessédend-rerua 6 dbe the lead-out
portion 3 as shown in Fig. 6 (b) . (Exanple 4) In the

difeomianbheiltbhobernin#él gka of the fhretginlet dortided and the
| ead-out directions of the termnal 4a of the first

teimired] par bf dthet sabridieutlietnantidd Obft BRe SEXONdube 1 shown
outlet portion 7 of the flow tube 1 shown 28 in Figs.

JJi%ﬁ@% tﬁﬁgwgghﬁ&QPhaﬁ?d?h§HQQQRHI & st SEHEN ?ér%?nal 4a of

the first inlet portlon he terti na
end R PR L PO, 0 h o
pofékéﬁ“7°2h%aﬁ ggasurengq;rglfgd Jutog%chnt g%tnggaéhown in Figqg.
6(a),thedirectioninmmdchthenmasurementfluidflowsin(terminal
4a) and the direction in which the measurement fluid flows out
(terminal 7a) are the same (the vertical direction: see 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. 6(a), and, in this state, they are led
out so 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. 6(b).
(Example 4)

Inthe flow tube 1l showninFigs. 7(a) through 7 (d), 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



4a) and the direction in which the neasurenent fluid
flows out (termnal 7a) are the sane (the vertica
direction: see the arrow P of Fig. 1) . Further, the
first curved tube portion 2 with the term nal 4a of
the first inlet portion 4 and*® he second curved tube
portion 3 with the termnal 7a of the second outl et
portion 7 are led out so as to be arranged, while
under goi ng bending as shown in Fig. 7(b), in the
. center line L2 perpendicular to the center line LI of
intRiegs i rstalc ihrehrahudd dorreoahanged. t Hheecdite derwechal da of
tube portion 3 as shown in Fig. 7(b). (Exanple 5) In
the hiel fd oumtleftepbréiownd iandFithe t8rhahal hToush thd dkcond outlet
the bending directions of the term nal 4a of the

poftish 7 HjwrPan iFkAYy 4 78R8t DEq 4iff 'QL{ES’L&:?%tO,f at§1§h.lorv¥n in Fig.

second outlet portiion 7 of the flow shown

i O JAE 'y @ [ hanged. 6) I.n ,
73 gEnegiBeqrr B o ftih P rReRiraBent TTH fagks i (terminal
4 t ube Eortions: a first cyrved tube portion 2' and a

2k etihdther deHertpen o thdrhathe measunemendurflaiid ubkows out
portion 2' has a first inlet portion 4' and a first

(teyrinal gt iege the Fawvesegondrenirived dilregidomi:osee3the arrow
has a second inlet portion 6' and a second outl et

P cubrRtiion 17'.. PArthbee,f thet fipket cRprédopude BHLELISE 2 with the
second inlet portion 6' are fixed to a manifold 22 of

tex?thﬂcﬂa?g.! 28 FEHAS f8rs30iR%et b idh 4t Qﬁdst.g{@? sRl2Re Whthed tube
e first inlet portion 4" "and the second 1 nlet

porQd ANy +hPEhBOL BLhPREPY £ % ArA0k el B oRR1 8L 8hrt fon 7 are
led out so as to be arranged, while undergoing bending as shown
in Fig. 7(b), 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. 7(b).

(Example 5}

In the flow tube 1 shown in Figs. 8 (a) through 8 (d), 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. 7(a) through 7{(d) are changed.

(Example 6)

In Figs. 9(a) through 9(d), a flow tube 1' includes two tube
portions: a first curved tube portion 2' and a second curved tube
portion3’. The first curved tubeportion2' hasa first inlet portion

4' and a first outlet portion 5'. The second curved tube portion

3' has a second inlet portion 6' and a second outlet portion 7'.



Like the first inlet portion 4 and the second inl et
portion 6', the first outlet portion 5 and the
second outlet portion 7' are fixed to the nmanifold 22
of the fixing nenber 8 so as to be in the sane
plane, with the first outlet g8rtion 5 and the second
outlet portion 7' being arranged so as not to be
parallel to each other. The neasurenent fluid flows
into the manifold 22 of the fixing nenber 8'.

Further, the neasurenent fluid flows out through a

mani foled £28s6f ihbetf patbgoreabesind thd ddihd |ﬁﬂéﬁi%%%t '
1 shown in Figs. 4 through 10, the driving devic ton 6

arieS f@.&:@d‘ ded abahbneen 1he sapex ap%rl&'lﬁ:%s‘gt 3%6.’8 " [,?éa o e%o be in

of the flrst curved tube portio

e e portio nd 3 Further, the
th% B¢ s chi e B0 &nifi BT 1R o o 3peoiRaGpcond inlet
the curved portlons 15, 15, 15, and 151 of
Porﬁéorl PLIDEIAY AF RANEPP A PonBot hhcbe paml 1¢i tsoeauh other.
curved tube portion 3 and 31. The brace bar 21 is
Likeotheefiret thwlet ipattion e’ pord ithe 4ecanthdd'inded pbetion 6',
second inlet portion 6 and 6' so as to be astride the

thei £5tst ndet1porgo v dn a8 #hd amd ts*é%on%%%‘ie'tnbsktlon 7' are
portion 6 and 6' . Further, the brace bars 21

£i%PAces tRPakinl FOIYt He fotﬂg ?E?PﬁéSmgﬁéangé §§n?§cF° be in

predeterm ned di stance Sso as no
30 Note that, the

8 8!
théﬂ%%%éqﬁlﬁéé'ﬂﬁl ?ﬁﬁ%iﬁﬁrg QEbie P FhEoReas urkdekke second
OuBLUId fl ows. goes w t hout saying that various

fl?cz:ratﬂ%hg aP@lﬁ'SséirEPégeﬁh 8hcas dEpdia begphredleheto each

scope of the present invention.
other. Themeasurementflu1dflows1ntotheman1fold220fthef1x1ng

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. 4 through 10, the driving
device 13 is provided between the apex portions 16, 16, 16', and
16' of the first curved tube portion 2 and 2' and the second curved
tube portion 3 and 3°'. Further, the vibration detecting sensors
14 and 14 are provided between the curved portions 15, 15, 157,
and 15' of the first curved tube portions 2 and 2' and the second
curved tube portion 3 and 3'. The brace bar 21 is provided to the
first inlet portion 4 and 4' and the second inlet portion 6 and
6' so as to be astride the first inlet portion 4 and 4' and the
second inlet portion 6 and 6'. Further, the brace bars 21 are spaced
apart from the fixing members 8 and 8! by a predetermined distance

S0 as not to come into contact with the fixing members 8 and 8°'.



31 CLAIM5S 1. A Coriolis floweter for obtaining at

| east one of a nass flowrate and a density of a
nmeasurenent fluid through detection of at |east one
of a phase difference and a vibration frequency
proportional to the Coriolis fgporces acting on a pair
of first and second curved tube portions constituting
a nmeasurenent flow tube by vibrating the first and
second curved tube portions while being opposed to
each other, conmprising: a first inlet portion through

[ th I t i 0 i, and first
Vol iRt oS ERET T Sk o 2t ffon aB,f8uhod Fheqreasurenent
f%gmg out, in the first curved tube portion; and a
Fled ohtPW$t et portion through which the measurement
fluud flows in and a second outlet portion through
whi cht ghesmiddhmdneayingithiad fdowisonedifhcehéosecamdpossible
curved tube portion, the Coriolis flowreter being
withaitcdesazethd nfidmt th@ £déohd o FErlerptSsdioVigesnsion.
as to be situated in a mddle position of the flow
tube as seen in plan view, the first inlet portion,
the second inlet portion, the first outlet portion,
and the second outlet portion are fixed to the fixing
menber; and in the fixation to the fixing nenber, tube
axes of the first inlet portion, the second inlet
portion, the first outlet portion, and the second
outl et portion are arranged in the sanme plane, the
first inlet portion and the second inlet portion are
arranged in




32 a non-parallel state such that a distance

t her ebet ween i ncreases as they depart fromthe fixing
menber, the first outlet portion and the second

outl et portion are arranged in a non-parallel state
such that a distance therebethteen increases as they
depart from the fixing nmenber, and the first inlet
portion and the second inlet portion, and the first
outlet portion and the second outlet portion are
arranged symmetrically. 2. A Coriolis flowreter for
obtaining at |east one of &LAHYS flow rate and a
density of a measurenment fluid through detection of
at least cepeolfisaf phanet 8- ffer entaiarichcpati beastone of a mass
frequency proportional to the Coriolis forces acting

180 AaPidnPfa fdendli tANd s Seneidutihkid FYReAPORLbABA detection

constituting a nmeasurenent flow tube by vibrating the

oe Lo SRR FAES, ARECEPLALSE LT 6B rocuency

portion throug? whi ch the neasurenent fluid fl ows g @,

Prepri blenakitQithe Cogdriiion TPREESgAChATE PR (e Palr of first and
neasurenent fluid flows out, in the first curved tube

seqond | o verthd ubes geortd ond  eonsdrittivdr nich rough sWesienthélow tube
measurenent fluid flows in and a second outl et

by RAMr A i theghi net cihd e dmkab voevedt tuhé wokflovs while being
out, in the second curved tube portion, the Coriolis

om{4 L Talel Ve sehapisthyf (1oLl a [1xIng Terber
of tat]%igslsgvfntl% epc?rstfgr?ghkrgugh%ivdhe e%%asurement fluid flows

in and a first outlet portion threough which the measureﬁent fluid
flows out, in the first curved tube portion; and

a second inlet portion through which the measurement fluid
flows in and a second outlet portion through which the measurement
fluid flows out, in the second curved tube portion, the Coriolis
flowmeter being characterized in that:

a fixing member is provided so as to be situated in a middle
position of the flow tube as seen in plan view;

the first inlet portion, the second inlet portion, the first
outlet portion, and the second cutlet portion are fixed to the fixing
member; and

in the fixation to the fixing member, tube axes of the first
inlet portion, the second inlet portion, the first outlet portion,

and the second outlet portion are arranged in the same plane, the

first inlet portion and the second inlet portion are arranged in



the first inlet portion, the second inlet portion, the
first outlet portion, and the second outlet portion
are fixed to the fixing nenber; a connecting tube
portion is provided between the first outlet portion
and the second inlet portion,34or connecting the two
portions; in the fixation to the fixing nmenber, the
first inlet portion and the second inlet portion are
arranged in a non-parallel state such that a distance
t her ebet ween i ncreases as they depart from the fixing
a nenbparaibelfstste cudlettipor td @l sarthdehéhecetwrd waer dhcreases

portion are arranged in a non-parallel state such that

satﬁb?taéﬁﬁrtth?bﬁbﬁhéE@&xhﬁ%rﬁéﬁ%&r?sthBeflégﬁabhtﬁ@QWportlon
I xi ng menber, and the first |nIet portion and

anﬁhﬂ?ée.fe%bq\éi Bk%tleﬁzo}géfefo aa[fe ar}:% ey 1n°ér'trlo% ed1:&111@1 state

Ion an e sec pOTtI n are arran

tricall and rst outlet portion,
sugbcbRati fi B SbaRCFohhesRhetHE St dRFEBARRS Pibd iRy femart from
are arranged such that tube axes of the three
thpokix g mepbeirn andtthe ghiwsiti haleB poxtGom endsthe second inlet

fl owmmeter according to Caiml1 or Claim2, wherein
pothéohi xamg thenber st odtdrategosttishasmd alhleysenondeowtfleat portion
circular configuration and an arcuate configuration

arbnapkgﬁggueg@mﬂetelgagqgl|s fl owneter according to
Claim3, wherein the fixing menber is fornmed in a

wal | -1i ke configuration.

2. A Coriolis flowmeter for cbtaining at least one of a mass
flow rate and a density of a measurement fluid through detection
of at least one of a phase difference and a vibration frequency
proportional to the Coriolis forces acting on a pair of first and
second curved tube portions constituting a measurement flow tube
by vibrating the first and second curved tube portions while being
opposed to each other, comprising:

afirstinletportionthroughwhichthemeasurement fluid flows
in and a first outlet portion through which the measurement fluid
flows out, in the first curved tube portion; and

a second inlet portion through which the measurement fluid
flows in and a second outlet portion through which the measurement
fluid flows out, in the second curved tube portion, the Coriolis
flowmeter being characterized in that:

a fixing member is provided so as to be situated in a middle

position of the flow tube as seen in plan view;
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the first inlet portion, the second inlet portion, the first
outlet portion, and the second outlet portion are fixed to the fixing
member;

a connecting tube portion is provided between the first outlet
portionandthe secondinlet portion, forconnecting the twoportions;

in the fixation to the fixing member, the first inlet portion
and the second inlet portion are arranged in a non-parallel state
such that a distance therebetween increases as they depart from
“the fixing member, the first outlet portion and the second outlet
portion are arranged in a non-parallel state such that a distance
therebetween increases as they depart from the fixing member, and
the first inlet portion and the second inlet portion, and the first
outlet portion and the second outlet portion are arranged
symmetrically; and

the first cutlet portion, the second inlet portion, and the
connecting tube portion are arranged such that tube axes of the

three portions are in a straight line.

3.ACoriolis flowmeter accordingtoClaiml or Claim 2, wherein
the fixing member is formed substantially in one of a circular

configquration and an arcuate configuration in plan view.

4.ACoriolis flowmeter accordingtoClaim3, whereinthe fixing

member is formed in a wall-like configuration.



