1 DESCRI PTI ON CORI CLI S FLOAWETER Techni cal 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 prbportional 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 supportipgscporptonn a direction
vertical to the flowing direction of the tube

(hereinafter, a tube ir&h nis appliedis
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referred to as a flom1tu e) riolis flowreter

is a mass flowreter, which wutilizes the fact that the

Coriolis forces applied to the flow tube when

vibration is thus applied thereto, are proportional to
Teghmi@al Fielfdrate. The Coriolis flowreters are wel |l

known, and the flow tube structures thereof are
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type and a bent tube type. In a Coriolis flowreter of
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a straight tube, whose both ends are supported, in a
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proportlona rio fbrces acting on a flow tube.

Background Art

In a Coriolis flowmeter, a tube through which a fluid toc 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 Coriolis forces applied to the flow tube
when vibration is thus applied thereto, are proportional to a mass
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 type 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

sensitivity. In contrast, the bent tube type Coriolis
a ¢ virerere 1B difrddiaamentoof Hdesst ok ghbt ttube dypéo the Coriolis

Coriolis flowmeter in that it allows selection of a
foshapeli$ogeméfaced vied yweabt aitd g tCYdrdliich s @heEShe central

In fact, it is capable of performng nmass flow rate
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the bent tube type Coriolis OWTEt er “i nc e on

Y =Ye 101 with;a.,s| flow tube (see,_for exanple,
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arranged in parallel (see, for exanple, Japanese.
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flow tube in a | ooped state (see, for exanple, JP

thyscopgisgcrpd hams dénpakl womgscd ,cand snyidearsictore. However,
driving the flow tube, a conbination of a coil and a

themgretilils hgenerat byl enmiroyedt Regas dimehsd e dM@eNhicRgeve high
of the coil and the nmagnet, it is desirable to nount

detdem &t @@§é1{9@§t99t offset with respect to the
vibrating direction of the flow tube. In view of
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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 respectively 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
tothml d laovo t Lzar] aThakgnea bdesiegh themadofHes, Bndewi€h is adopted
the di stance between the flow tubes is of necessity
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roots of the flow tubes. However, an increase in
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occur (the flow tubes vibrate owi ng to bending
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. of the tubes. .
is adoptedinwhich thedistancebetween the flowtubes isof 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 vibration, 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, there is a 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 Coriolis f |lowreter 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 SN0 ot dreastusne, of a mass flow rate and a
ensity of a neasurenent fluid through detection of at
| east 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
DisrP i iEQﬁiﬁhf%PE%ﬁgurenent fl ow tube 1 by
vibrating the first and_second curved tube portions 2
and Thewt ¢eenbépHgnbppbdad Rerreaafe dneew @E chgdigye rroblems
first inlet portion 4 through which the neasurenent
in theigk fdoast i n Andsarf objecbutll Bhe ppastendni Bveht bugiio provide
whi ch the neasurenent fluid flows out, in the first

a cowivad st ehevhord ehiZzh a8t saeepgtiBlettPeibiranibn leakage,
through which the neasurenent fluid flows in and a
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in mhicg:,a gixin qg 8 is provided so as,to_ .he .
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seen in E[an view, the first inlet portion 4, the L
as sheovndin REEt lpbtinshretivae BiEs basisuerrstportion 5 Coriolis

and the second outlet portion 7 are fixed to the
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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 measurement 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 nén-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 distance therebetween
firntreasest gsot thisyn dgpairid thensebenfli xihgetepdetidy ArRGe fixed
the first inlet portion 4 and the second inl et
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second outiet portion 7 are arranged synnetrlcal y.
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nmeasurenent flow tube 1 by vibrating the first and
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8, p@ﬂé'iﬁl s4tr tohurtqléqpﬁ e't(i% geagga&lﬁ' egegc%né lolﬂtﬂiettjhgjmﬁtlon 7 are

irst ou t portlon rou
nmeasur,enent n_the flrst curved tub
arPERe oo ahnhfea L bf NS s Sl [Rah & Aisiguck hfERbetween
the nmeasurenent fluid flows in and a second 6 outl et

ingeeasen ¥ tHraUJERH tH tde theafirdmsnmetibgird 8f | ang the first

out, in the second curved tube portion 3, in which: a
in}ekiprytienbérar8i 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 invention, there
is provided, as shown in Fig. 1, a Coriolis 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 nmenmber 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
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state such that a distance therebetmeen i ncreases as
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menber 8, and the first |nIe ortion 4 and the

tukechnysi peet borplan Blewnd thisel f1s5indgtimart goy 4 dhe second
5 and the second outlet portion 7 are arranged

inbytmetrtiical 16y; thaniitdre chitristt putrkebnpdy taroh the tbeond outlet
second inlet portion 6, and the connecting tube
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three portions are in a straight I'ine. Further 0
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attain the object of the present |nvent|on the fixing
to b el 36 1% THeteed 8 n thewdl rsEi kBlesnPPghiani dnandughe second

to this construction, when the first curved tube
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vi brated whil e opposed
distance therebetween increases as theydepart fromthe fixingmember
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 cutlet
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



to each other (Fig. 1 shows the state where a

repul sive action is generated in the driving neans;
in the case of an attracting action, the directions
of the arrows in Fig. 1 are reversed) , the fixing
menber 8, to which the first 7nlet portion 4, the
second inlet portion 6, the first outlet portion 5,
and the second outlet portion 7 are fixed, receives
at each fixing portion a torsional stress due to a
torsional vibration converted froma bending

figfié[?@ ahd Qe F@wfyef%n@é%sﬂ?m b A g kd cdbeiduiision.
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t portion 4 an e second inlet portion 6 are

not parallel.to each other, apd_t . lrst qutl .
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parallel to each other, either. Further, the f irst
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the f irst outlet portion 5 and the second outl et

to pordh athikrar(@iion $yshevei cha¢ Posia iweale perapiidadhiepaction is
Thus, when the first curved tube portion 2 and the

geSeERNEd G Vied druhe ngPeehh on ih ahe oddy atedh whitkacting action,
opposed to each other, the torsional stress due to

thd N fdEstondl & PQ 904 andrtiRe segppd-QWEL8Ld), the fixing

portion 7 1s canceled by thesetwo, and the torsiona

tress due to, the _second.inlet portion,6 and the f ‘
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As a result, substantially no vibration is generated,

6, ithe Hd reti RIhgeherfet i@ %n@nfihéhﬁﬁ%o%m § gogjdon 7 are
f irst inlet portion 4, the second inlet portion 6,

fixde, fiectives lalt gqeott ifdxig podtibhe setondiopeflestress due to
portion 7 are reduced. Accordingly, according to the

a Ppeesenthal nventdoion evenve ftédef rom gi dbdrydinig t wiebfaximg.
menber 8 is low, and if the mass is small, it is

ggfﬁ%@véﬂ ef§ egldweldn Fagt.r ai,ntykbEatkeni heakagertion 4 and
the seconé,inlet portion € are not parallel to each other, and the
first outlet pertion 5 and the secondoutlet portion7arenotparallel
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 portion7are insymmetrical 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 porticon 5 is alsocanceled
by these two. BAs 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



as shown in Fig. 1, the first outlet portion 5, the
second inlet portion6, and the connecting tube
portion 9 are arranged continuously in a straight
line, so that, according to the present invention, it
i s possible to enhance the productivity and durability
of aCoriolis flowteter. Accor#ling to the present
invention as described in aim1l, it is possible to
provide a Coriolis floweter which is not subject to
vi bration | eakage. According to the present invention
as described in daim2, it is possible to provide a
3,Cavmib| tike fsovpned erutwie thpdstimi Bubjeateduardi brati on
| eakage, and which is easy to manufacture and provides
hi gh aigcakidrig )y, AeeordiRg £® dRepPEESEDLi AAME 49N A% n i f the
described in daim3, wuniformfixation is possible in
rit if kL€ ' . disrection, . s0 Lt .
DU 8 RSB ERIE o T L Fhonid 4 chA aabp st small,
: resi.stapt taq vihration | eakage.  Accordi to the
T R EST RVERD ot S5 0R2et T BBt 7 Y GiLkr oD | gakege. Further,
0??ib|e to achieve a reduction_in the weight and cost
aSFIOYTCAF 61Fs £r ot BT SBreefl Beske o ofthehesecond inlet
Drawings Fig. 1 is a schematic view of a Coriolis
pofrtdvmet e pnddder ainmecttio ahukeapoditient? afe the appesienint inuously
i nvention, for showing the basic construction of a
inmai stpatighenlohet heo Cond®| | ScboMBy &fc tid predeéntd invention,
| ongi tudi nal sectional view of the central portion

it[(:i: ag%sl@wge tBeriAHMn b r b BECRLE 0L LS ol d ORI BNt 8 £ 2 coriotis
flowmeter.

According ﬁo 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 provides
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 Corioclis flowmeter.



Fig. 3 is a diagramfor conparing conventiona
Coriolis f loweters with that of the present
invention, in which Fig. 3 (a) shows the type in
which the inlet portions and the outlet portions are
directed upwards as seen in tHe drawing, 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 diagramshowing a first
enbodi nent of the present invention, in which Fig. 4
Brief Dssarnmitnopopffi bhef Poawivigew, Fig. 4 (b) is a
sectional view taken along the line Al-Al of Fig. 4

(a) rFigFi p.idAGCichonat bectiandf i eyt iskesn Al tde according
line B1-Bl of Fig. 4(a), and Fig. 4(d) is a side view

o] Fi n
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ortion front v . [
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(a),  Fig % is a sectional yleM/taken al ong the .

| i neF'g- 1§fa pgoitydapalgrrEqrabydpviat dheiernirahportion

of Fig. S(a). Fig. 6 is a diagramshowing a third
(iembodimgnthef celséngi esénthei Aventcilas, filpwnkitel BifgFig. 1.

(a) is a main portion front view, Fig. 10 6 (b) is a

sect regal 3view sakengahangdrhecddpier A%y ASoftefrt@onbl Coriolis

(a), Fig. 6 (c) is a sectional view taken along the

flb%ﬂ@t@?s%lefl LFHQS of® tﬁj%) pre@%ﬁti:gﬂveﬁtﬁgl)l I Snantide Fig. 3(a)
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is. a sectlonal vi ew t aken alonqlthe line Ad4- A4 of qu
are fléyected upwards as seen in the drawing, and Fig. 37k} shows

the type in which the inlet portions and the outlet porticns 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 B1-Bl of Fig.
4(a), and Fig. 4(d) is a side view of Fig. 4(a).

Fig. 5is adiagram showing a second embodiment of the present
invention, in which Fig. 5(a) is a main portion front view, 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(c) is a sectional view taken along the line
B4-B4 of Fig. 7 (a) , and Fig. 7 (d) is a side view
of Fig. 7 (a) . Fig. 8 is a diagramshowing a fifth
enbodi nent of the present invention, in which Fig. 8
(a) is a min portion front view, Fig. 8 (b) is a
sectional view taken along the Iine A5-A5 of Fig. 8
(a) , Fig. 8 (c) is a sectional view taken along the
line BS-B5 of Fig. 8 (a) , and Fig. 8 (d) is a side
view of Fig. 8 (a) . Fig. 9 is a diagramshow ng a
6 (b xi & ®ndxocl temd 1 ofi dhe gie@saniong aMentime A3+RMILFig. 6(a),

Fig. 9 (a) is a main portion front view, Fig. 9 (b)
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, (c) is a sectional viewtaken along the
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menb€+ 9 - i hijht GH GG dppwing ¢ fonrehempbosiymegit af “the present
. Cbrlplls flowreter, Fig. 10 (b) is a sectional view
invgkéehont ohly whhehl Fhe. AT(a7 o Firgplrl @od)ionFifgonto view, Fig.
(c) is a sectional view taken along the |line B7-B7 of
7 (B gis 18 et il Rrigew 1@ keth) aileng shdel wiews-H4 KOQ.Fig. 7(a),
10(a). 11 Fig. 11 is a perspective view of the fl ow

rihubescpfia gonvenibonalyi Lori ot s ch%f%%r 110 541%4 of Fig.
i's a plan view of the flow tubes of FiQ. Best
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the E{SWM?gjia diagram showing a fifth embodiment of the present
invention, in which Fig. 8(a) is a main portion front view, Fig.
8(b) is a sectional view taken along the line A5-AS 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. 2 is a diagram showing a sixth embodiment of the present
invention, in which Fig. 9(a) is a main portion front wview, Fig.
9(b) is a sectional view taken along the line A6-A6 of Fig. 9{a),
Fig. 9(c) 1s 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 Coriolis flowmeter, Fig. 10(b) is a sectional view taken along
the line A7-A7 of Fig. 10(a), Fig. 10(c¢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).



Fig. 1 is a schematic view of a Coriolis flowreter
according to an enbodi nent of the present invention,
for showi ng the basic construction of a nmain portion
of the Coriolis flowreter. Further, Fig. 2 is a

| ongi tudi nal sectional view afi the central portion
(including the casing) of the Coriolis flowneter of
Fig. 1. In Figs. 1 and 2, a Coriolis flowreter 11
according to the present invention includes a casing
12, a single flow tube 1 (hereinafter, this is

ref eriredl 1 @ sasparkpont 1 @) cdccOIRBGAR ik s B8 conventicnal
casing 12, a drive device 13, a sensor portion (not
coSNPWMY MAViRG A Pair of vibration detecting sensors
14 and 14 and a tenperature sensor (not shomn) a

bt Tarin i o oaa by v aCHash Ty TP (RS oW 1on ol 1

etc. based on a signal fromthe sensor portion, and an

excitation circuit portion (not shown) for exciting

the drive device 13. In the follow ng, those
Begbripohenfer wdtrpmglesdr ithed. Ifhentiasiing 12 has a
structure resistant to bending and torsion. 12
Fur thethetfta 1ASIMY 4Re i @medn{r8nti sh 28 1la@Eescribed with
enough to acconnndate the flow tube 1, with a fixing

4] D A flow tube 1 in position being

nDunted t ereto Furt er, the casing 12 is so forned
as be ca abl e .of pr.otectin po on_of
T ovdor TR TG L Re T P (heoTIomg EhefRgtes Ferording
filled MAth an inert gas, such as argon _gas. Due to
to a7k SPAGHENG OFf the PREFEN§adnvepsnaBnsEPT o-ﬂl%l%ethe basic

flow tube 1, etc. is prevented.
construction of a main portion of the Coriolis flowmeter.

re

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 Coriclis flowmeter 11 according to the
present invention includes a casing 12, a single 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 to bending and torsion.



The casing 12 is nounted to the fixing nenber 8 by an
appropriate neans. The fixing nenber 8 is forned in a
circular configuration in plan view. Although
desirable, it is not always necessary for the fixing
menber 8 to be of a circular l€onfiguration in plan
view. That is, for exanple, it nmay be forned as a
fixing menber of a rectangular configuration in plan
view or, as shown in Fig. 10, it maybe fornmed as
arcuate fixing nmenbers 8" of a Coriolis flowreter 1".
Fuktiiéhetheidndihiel 2nboth nead intd e iteXiargaendesh & o sccommodate
formed as a wall nenber defining an inner space. The

thé! O¥6l Ubgydl 100%'@{ % i8R &@kﬂ%e&ogp%ernﬁﬁyﬁ?n@n& flow tube
conduit (it is always not necessary for the flow tube

1 to censi s oped c esc .

i ERstgr ke Sho el e SRR oPLP S he SRl 12 1 so
of the present jnvention and ipcludes a  first

foppeyed QQ}B%CBBF‘PELSr?fZP%‘PI e%tlsfé%ﬁa MAHNRRF 1 pdits blewmeter
3 arranged so as to be opposed to each other, and a

inebahibey  He thilgey pobei dn  Sheoraicnd ng tikefhilisd wikhean inert
tube portion 2 and the second curved tube portion 3

gatp sach ot hergosgasi ngudato ttiee af ¥ lowi iy andk it hehd 3inert gas,
arrow Qin Fig. 1 respectively indicate the vertical

coflé£E4 E 8y anyd tﬁ@efMI Zeptal , difecti onprdhenfdd st
curved tube portion 2 and the second curved tube

Il .
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hori zont al di rection.
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measurenent fluid flows in and a first outlet portion
in plan view. Although desirable, it is not always necessary for

rst cyrved tube, porti
4 ! §E con%&guratlon

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 looped measurement conduit
(it 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
s0 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



5 through which the neasurenent fluid flows out. The
second curved tube portion 3 has a second inlet
portion 6 through which a neasurenent fluid flows in
and a second outlet portion 7 through which the
measurenent fluid flows out. ¥he connecting tube
portion 9 is provided between the first outl et
portion 5 and the second inlet portion 6. In other
wor ds, the connecting tube portion 9 is provided for
the purpose of connecting the first outlet portion 5
arzay @ her Fsgeohd danasttiptrty omdd cadeetlh witieicalkidrection and
first outlet portion 5  the second inlet portion 6,
thandot heonbahetirauy fahe oy fiies t9careedf BIBEG & Eion 2 and the
arranged such that they are continuously connected

se&@ﬁ&@ﬁvé&%@ﬁéﬁtgé‘ﬁ 3'alﬂ.£fohﬂe&’1é,l}85t%%%fukﬁ%ar;%@?liptical

axes of the hr ee tubes are 1n a straight

p on.4 econd. inlet portion
CO? Shrslefh B%lr‘i%r?o " Raiffe Skebit et 1 (B Bfitizontal
i aﬁe fixed to the fixing nmenber 8. The first inlet
‘lﬁ%F t8H 4 and the second inlet portion 6 are fixed
and arranged in a non-parallel state such that the

di st &ne ef bet ey vieife ruibec peat ésnad hawya deépartt ifvlem portion 4
the 14 fixing nenber 8. Simlarly, the first outlet

thpough o iThondetiba reaeandf 1 @il ifebwpat hA8 o/ FaFetfdE8&t portion
and arranged in a non-parallel state such that the

5 tdﬂrﬁiL@}P%h@@BVﬁ?é‘mbﬁ%ﬁ‘r'eﬁ%h%aﬁﬁlé‘%lh%%yog@parfhé %@ond curved

the fi1xing nmenb er . Further, the first 1 nlet port

tube @ﬁ?&lt&%grat k?%%g Oglcf%nfé){ %gggloout d]f(glg%? {N;h&ﬁ.&'l—"i %?%surement

and arranged so as to Q tn symetrica
e

fllbjoii ??‘Bﬂgl 10 pad; 8n§ﬁpﬁ§ld ou 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 portiocn 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



Here, by |l ooking at a state where the first inlet
portion 4, the second inlet portion 6, the first

outl et portion 5 and the second outlet portion 7 are
fixed to the fixing nmenber 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 outlet portion 7 are fixed to the fixing
menber 8 is not restricted to this. For exanple, the

fiiiﬂ%ﬁéﬁﬁek@ theiki xi pgy Menfeer i SsBMtaks@oke ieff ®6h8Ghe second
such that the first inlet portion 4 and the second

ou G oL o0 ECLY A7 SPIRALA, Y0 crace

portion € secon et p
are in the sa | ane. A terminal, 4a of the first
sughh e o bhE: BaoEahe s et vaet b aR(idi ksh a5, a6y HBRY; gepart from
allowinflow of a neasurenent fluid. Further, |ike the

the erimimed member ter nFnakhea, othehéisetohdl obitpertion 4 and the
portion 7 is led to the exterior in order to all ow

seantid Laweafpdie areas urmadrehe flxosdoutTee gertmiorals dad ahd second
the termnal 7a are led out so as to be perpendicul ar

outtet R railoWiPasd Hixd hrandrasnbeddso oPPes be 1R eatlktrical
other. A 15 neasurenent fluid flowng in through the

' 4 . first inlet portion 4 passes
po%iﬁ%ﬁéﬁﬂt?é? |%é¥§%ﬂ%%éd tube portion 2, the
connecting tube portion 9, and the second curve ube . .
o Lt bLPk DO |t g tGHE. PHFBEGRIE 1 o ngE Bartion 4,
of the second outlet portion 7 (as for_ the flow of
the megand uvekrthtPartijiall Secthdhel B¥glovgutist meEtign Jhend the

first curved tube portion 2 has, in addition to the
sedondtoutlet portion 7 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 cutlet portion 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 é are in the same plane.

Aterminal 4daof the first inlet portion4 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 4aandthe terminal 7a are ledout soas tobeperpendicular

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



inlet portion 4 and the first outlet portion 5,
substantially arcuate curved portions 15 and 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 secontP outlet portion 7,
substantially arcuate curved portions 15 and 15 and a
strai ght apex portion 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
mepanakhentwiihid fhpwimeriebetweeryh dhgeternoigal t ba hof the first
the driving device 13. Simlarly, the curved portions

inlétapdridcef 4t baskeksthreugyedntuberper ti108ed, tand hetion 2,
curved portions 15 and 15 of the second curved tube

thBoééthQ?giﬂgle%@%gfbgﬁ%ro‘g{ itggnaggggh hel £Ret Wean, Fd¥e portion

enoug cting sensors f%

3 Boferont 5ot 80 ol S Ahahgbt  Saln 1 Ak i Second outlet

di stance therebetween is large at the position

PoEHLPESPOIH A§Trt Bhe Hd cvlpethpdradoenestafduig, apge the arrows
that the distance therebetween is small at the

inp®s$igti dm.corresponding to the fixing nenber 8.
Simlarly, the first outlet portion 5 and 16 the

seconde Oftt + £ RAFAIOPuKe R ffifiedh and iar haRgedosUED the first
that the distance therebetween is |large at the

inBEEAN PR ESPONTIN0{ Ol GUEKech BT AN AL A1ML arcuate
PREC AL BEOREEh CRE 7 FTEp FREAPIORTrbHon d. gigilar1y,
second inlet portion 6 is small at the fixing nenber

thg, sgrBpdt Fo%VeledkBgePEBESCROE BaSH| JRoeedi t1fnr tRefthe second

as descri bed bel ow, a
inlet portion 6 andthe secondoutlet portion7, substantiallyarcuate

curved portions 15 and 15 and a straight apex portion 16€.

The apex portion 16 of the first curved tube porticn 2 and
the apex portion 16 of the second curved tube portion 3 are arranged
in parallel with a gap therebetween large enough to held 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 encough to hold the vibration 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



structure is adopted which cancels a torsional stress.

Substantially no vibration is generated in the fixing

menber 8. Note that, the material of the flow tube 1

is one usually adopted in thls technical field, such

as stainless steel, hastelloy!®or titaniumalloy. The

driving device 13 constltutlng the sensor portion

causes the first curved tube portion 2 and the second

curved tube portion 3 of the flowtube 1 to vibrate

whi | e opposed to each other, and is equipped with a
theopecordapdt he ragmieiticrg .7 Fhre doirviedgadévaceadgedisuch that the

arranged at the center of the apex portions 16 and 16
dietahbhe thkewbktiheed apdlsegasatothe @%EQtQ@hW@%&r%@%ﬁhdlng to

In other words, the driving device 13 is nounted at a

thROS\:+i-eRn ﬁ@kt%f@eis Widd 1@ tthatto tltﬂEe_yl\i'stl}r %#en%herebetween

dlrectlon of the fIOM/tube he co

. i Vi ng e 13. LS nDunted to_an ortion 16

s sUbhEL 0pethoe 13 LEHOURLR L0 00 agex L BOLLLON I s 5.
Furt her, aIthou not articularly shown, an FPC
(f| eXiBFE The rﬁl@&an@ﬁrgaw?eart@@ it s te ipiled perféan 4 and the
out fromthe coil 17. The magnet 17 18 of the driving

sedepficenigtimonblem ed isosnhéloahethapli: oy tieaberl &, of ibration
the flow tube 1 by using a dedicated nounting too

leWhapeatoatt maat iag iagt icatss, ganerates, |4k theseFiNe@tbelow, a
device 13, the nagnet 18 is inserted into the coi

st%ﬁctﬁkéh tihe réﬁﬂﬁﬂedtrﬁﬂléﬁe @Q%éeﬁ%rt'onst%P fﬁg 16 stress.

of the flow tube are brought close to eac
o REFERAIERL: R gl 8 SR e A 3, BEECEELER, e
nDVgSotethat,thenmterialcﬂftheflowtube].isoneusuallyadopted
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
is 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 coil 17. The magnet



away from each other. Since the flow tube 1 is fixed

to the fixing nenber 8 as described above, the

driving device 13 is constructed to alternately drive

the flowtube 1 in the rotating direction around the

fixi ng menber 8. The vibrati o detecting sensors 14

and 14 constituting the sensor portion are sensors

for detecting vibration of the flowtube 1 and for

detecting a phase difference proportional to the

Coriolis forces acting on the flow tube 1, and are
18 e@E htlegyud ppethavi déviece did isl@oamdea aghibe 20héFhepex portion

sensors are not restricted to the ones as described
16abpvehet heywnaybal $obbeusugh asdageebeeath®insSEAS0ES0] .

optical neans, or capacitance type or distortion type

(pi %}9&‘1%‘}{ %Lt%ratdﬁﬁ% Jeellsn 3:L~°s b%ﬂ%r%%ehhfﬁfvta{eednvmg device

capab e of detecting one of displacenent ocity,

ccel er at The Vi br.at | tectl enso
oS e P cofotpulbear B e AP FERGS DT Bniph R, Hle resurt
03|t|ons wWthin a range where the are held bet ween
thehet ey 9BeK pBPEF5ABS 150 oPBA 156 0P T { Kae{ [ b e 1 @@ brought
where they can detect the phase difference
clpeepopt easdl atdiell8 t hen Gornbtést f owben Theepespectd vection is
coils 19 of the vibration detecting sensors 14 and 14
gelsea tOINtEtk b@pednpoetiyad POENDPN6ISE afhet fieol! OYbé UD@re moved
1 by using a dedicated nounting tool. Further,

aw@) 1HIH0R ARAt oL RBEL Cé‘ir?cfé X HEheyy, s 1(£Eef(i)pé@ to the fixing

prlnted C|rCU|tS or electric wres are from
| r ti gnet s 20 of :
melf0f 3 dé%tcé:c?}%r?ggg HHLEEUER WA

toal%erna%elydrlvetheflowtube].1ntherotatlngdlrectlonaround
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
19 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 typeor 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



curved portion 15 of the flow tube 1 by using a

dedi cated nounting tool. Although not particularly
shown, aboard or the like is provided inside the
Coriolis f lowreter 11 of the present invention.
Further, connected to the bd&rd is a wire harness |ed
out to the exterior of the casing 12. The tenperature
sensor constituting a part of the sensor portion
serves to effect tenperature conpensation on the
Coriolis flowreter 11, and is nounted to the fl ow

thd uberio bys afoeppropriate neans. More specifically, it
is mounted, for exanple, to the first inlet portion

4. Myd Relop A iRRC fihexi Bl 8 tPEhBt 88,4 f Lo tde®cting sensors
electric wre (not shown), led out fromthe

t enper at ure sensor I s.connected to th r [

15 0T ot DT 19 Qe The S Bl it Al how tube
grocessing portion such that there are ingut theéﬁéﬁ¥ﬁ

1 et e6tingh @ sPgRaraFremENS iingr t9oh: detBEERRE s ugh not
14 regarding deformation of the flow tube 1, a .

paxiet@ciaoly silgnal, g tiféeatihée prbndedonizouigesecet iglectric
sensor 14 regardi ng deformation of the flow tube 1,

wipdd arae detestitofrsh gnal chbriom 1he tEelatwor isensaygnets 20 of
regarding the tenperature of the flowtube 1. In this

thé 8hala '(BTPHE%Eic‘E@ngr QLE£SS5HHG 4 RO 18Ns r £YRUHIRL @8 ORe other
a mass flowrate and a density is effected based on

cu§%$qﬁ%g%%i#ﬁQ?ﬁéggﬁaagh%@ghgg%g ﬁgﬁ%ﬁ%%@i%é?%%i&éegd:mountlng
portion, the mass flow rate and density obtained

toghrough conputation are displayed on a display

Althoughnot particularly shown, aboardor thelikeisprovided
insidetheCoriolisflowmeter11cxfthepresenfinvention. 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,
1s 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



(not shown). The excitation circuit portion includes a
snoot hi ng portion, a conparing portion, a target
setting portion, a variable anplification portion,
and a drive output portion. Wring is effected in the
snoot hi ng portion so that a dét ecti on signal from one
vi bration detecting sensor 14 (or the other vibration
detecting sensor 14) may be extracted. Further, the
snoot hing portion has a function by which it can
rectify and snooth the input detection signal and

de et ping DG |tdagegprdpopt defarmabiohecfiripid thige tube 1, and
thereof . The conparing portion has a function by

a vhteBtibncan qripar ectiheheDE angddagtenfd ogehber regarding the
snoot hing portion with a target set voltage output

teﬁé@f‘%{ﬁlﬁee B@rtgl%tfﬁ‘ﬁ& tipg1porii eR; ard geentdptha s rocess ing

variable anplification portion to control t

pownfl ! Udepq{tgtgeogiet son n§5€ f\fl.loq\rr? He;%n%ncri] C%I%fn%rlrpy Xs effected

arge age.
constructijon, when a neasurenent fluid is caused, to

ba%%a}’lttllf-redi?g??qwrf FOUNE LD NRULLFPT NS PRIV RECLEYPRe Further,
13 is driven to cause the first curved tube portion 2

in alrite tshiegrsee grunlratdcb 1t gye C26 spowdt bomtdore Ghbrmges flow rate
whi |l e opposed to each other, due to a difference in

ancﬂ)hla,\‘h%i@%@]ﬁﬂ&fﬂebﬁﬁﬂ&ﬂlg@otbﬁbhﬁafQbﬁearai dibpleiybdadn andisplay
detecting sensors 14 and 14, the nass flowrate is

(n&@! Sph@t ed by the signal conputation processing
portion. Further in this enbodi nent, the density is
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amplification portion, and a drive output portion. Wiring is
effected in the smoothing portion 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



and 3(b) will be clarified with reference to Fig. 3.
Note that, in Fig. 3, the arrow P indicates the
vertical direction, and the arrow Q indicates the
hori zontal direction. In Fig. 3 (a) , fixed to a
fixing menber 31 are a firstz2@urved 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 forned in a
reverse- U-shaped configuration and are arranged so as

poittd Re3aRPespdate @arhe ebpekedieepbBne s, dakitied dyfference
the first curved tube portion 32 and the pl ane as

in gﬁgis@e&j?n@ﬁ’aﬁgg kﬁﬁgﬁgﬁt&fﬁrdﬁ% gBE%ep HHQNy 3Br 8F €or, detecting
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arallel to each o Formed in the first curved
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outlet portion 35 through which nmeasurenment fluid .
COMGG O PEOCHSE Y PRETIgBe ot Et®fed ttubB1lgofTPeRlBgnt, the

are a second inlet portion 36 through which the
demsidsurienentsd lad o laved | frand ke seidorad iout | fBtepoattdon

37 through which the neasurenment fluid flows out. The

firsteda) ethe pardd 0P34y 0 the Slorddllied NP B39.1 of the
the second inlet portion 21 36, and the second outl et

' e LRt ' ' ti.0 n
e SRRt LR B o) U e AT s 2o
r thereto.
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~ apex portions of the first curved tube portion 32 and

in tfﬁél-séeoﬁae BUFre¥dFt iBeipaFesohhaaveht tedks et RF 19t and the
curved tube portion 32 and the second curved tube
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In Fig. 3(a), fixed to a fixing member 31 are a first curved
tube porticn 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 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



each other (Fig. 3(a) shows a state 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 the2arrows in Fig. 3 (a) are
generated. 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
36 viehdathe seootdeutéettipatt idir 8¢exkdpndandthatver tilve 1L direction,
di stance between the first inlet portion 34 and the

an$ e ds Al £dd Pes tawnusde anslif fecdi stance tet feeing heember 31
first outlet portion 35 and the second outlet portion

so g%séatgcg kjt;(ﬁle@éf @ﬁé’iéﬁigf’tﬁé%lb%%i on | eakage may occur

ove-nenti on ration in the vertica

diregtion, In Fiq. 3(b), fixed.,to a,fixing.me r 51
ar e Wiy 3¢ T VP TR GBBSH6rERTS ZERILE dde BhgeCCed between
curved tube portion 53 constituting a flow tube. The

thq japsx peFvbens wetherfinomn saripd fiee SOEdi@rca? ey the second

tube portion 53 are both fornmed as ellipses extending
cuived hextwriednital 3ditreckiuee &hd dirahgedrgedasubbe pertion 32
opposed to each other. The plane 22 as defined by the

and It s@Wored citRe dpeubkofo BRi é i 1 he plidke raswhdeki apfosed to
by the second curved tube portion 53 are parallel to

C her. . T ir r : [ : -
cofiriinelIliq T (d] SR Y SR R0 22 0A% 8 sction
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curved tube portion 53 has a second .inlet portion 56
ack}pughavFirdR Vst REenEa¥arerent tiliadd 99 GRPLilgsaha Big- 3 (b)),
second outl et portion 57 through
bendingstressesas indicatedbythearrowsinFig. 3(a) aregéenerated.

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 vibration 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
tube portion53areboth formedasellipsesextendinginthehorizontal

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



whi ch the neasurenent fluid flows out. 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 2zhe fixing nmenber 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

asCieredetiube PRt foRsb2cupnddt bepeepondienr ¥edahtbehe plane as
portion 53 to vibrate while opposed to each other,

deg(ﬁge)%éi W@l 1l 1R3S8% 28 ri/Bdi Eﬁf)@dpgi‘t}.{)::ﬁ o] .raq_l’(?:g)g}agi(l%il’ to each

are generated. I'n the type as shown in

bendi i.bration to be converted _to torsianal, . .
Ot GEDr atith L ChBREET ST PYATHTh SCoPer dhdlt ity dgdefsportion
enerated. Thus, it is to be assumed_ that there
54 ughy yhiiohr hhe dgrea sakeRR blel tig! TAeWeiniang a first outlet
vi bration as nentioned above. However, the torsiona
prostiensSduequplt el €htde mead wtepant fdni84 land ¢le. The second
torsional stress due to the first outlet portion 55

cuwed taltsd poalt ishr 8SSess ia skensade] 8t reet 4 bh dhrough which
further, 23 the torsional stress due to the second

thé me%fsu%&te_mnfﬁﬁ&&%hgein Laksd Qaebna}crueﬁtsetd}gsrwoﬁ R& through

second outlet portion 57 are torsional stresses in
o iJE (ATRSLLEELLO0 (5L BEL U0 A LERLLOD I portion 54,
Fig. 1, when the first curved tube portion 2 and the
th%e‘%‘o“rﬁf Qi veEd PQEélﬁBr??ont@eo?ecf%é?GdﬂQﬂ POIioRmefer and the
11 of the present invention are vibrated while opposed
segene g tha@ortion 57 extend in 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
vibratiocn to be converted to torsional vibraticn, 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 ocutlet

portion55aretorsional stresses inthe samedirection, and, further,



(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. 1 are
reversed), there are applied, to the fixing nenber 8
to which the first inlet portPon 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 fromthe bending
vi bration at each fixing portion. However, as shown
thd tdigiordsl therdss sdue ntettipordecmd andkit heoseoonds6 and the
inlet portion 6 are not parallel to each other, and

toﬂgﬁbﬂdf%ﬁzQH%J@hepﬂﬁHﬂﬁﬁséco%@doﬁ@ﬁeﬁ%ﬁﬁﬂﬂcﬁﬂ%ﬁebre torsional
portion 7 are not parallel to each other, either;

st]]Ienusrrstf{]seEh gklt? fahlr S&l]!‘ O;J:t[elhor?,?lrspslﬂﬁlat cﬂg%hgedec‘ff@ ionmay occur

por i 5 , outlTet "portion and

t he second out | et ortion 7 are in symretrica

in g 1§ ohdt9 regmak ?%ng hips, so that the torsiona
stresses due to the first inlet portion 4 and the
secdtrfemutiergpdnt todip -at e vémic dhedf t het shetiRsbiube portion
and the torsional stresses due to the second inl et

2 gl tihen secandl e viddr stbeupbetiopoBt oHntlhe al@radbbs flowmeter
cancel ed t herebetween. Thus, substantially no 24

11 WiFHad ib9R sle$ tOEREE AL B6h I d {?@bfrhﬁéﬁgvlf'iel@@f)pgsed to each other
According to the present invention, the Ioads on the

{ig fFPoglout %Eéqﬂ%ﬁhlEHEFﬁsc éﬁ%}§ﬁ§% BfGthe driving

S por e secon out

ortiaon .7 are sma Even if the r it of . t

ae 554 17 BB o B TATRG e ﬁtgﬁﬁwn@'. pefion, the
p033|ble to effectively restrain vibration, | eakage

armpg Her Figs dhawe reversgd) 1, threef pEst appt Led, pB@t‘i%‘ﬁ fizing
5, the second i nl et portion 6,

member81x>whichthefirstinletporthn14,thesecondinletportion

6, the first outlet portion 5, and the second outlet portion 7 are
fixed, torsional stresses due to the torsional vibration converted
fromthe bending vibrationat each fixingportion. However, asshown
in Fig. 1, the first inlet portion 4 and the second inlet portion
6 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 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



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 Coriolis
flowreter. As described abovei? according to the
present invention, it is possible to provide the
Coriolis flowreter 11, which is not subject to
vi bration | eakage, and which is easy to manufacture
and provides high durability. Next, nore specific
viexatipbes isf geherebnfli gor Aheofiafinghwemhen 8portion of
the Coriolis floweter will be described with
ref eneseedihg Fbgshe piddarughirdredta@iplttrel )l dadisFio the first
(a) through 4 (d) , the flow tube 1 is obtained by

inth%gl%fcﬂ%i&u gl NG L5 OEARY L eMRAL b & L OVO 1, ‘é@%h@%@!risg%xk‘éjleé%portion

Irst curve e portion 2 and the second curve

tu
tub ortian arranged sqo as.to_ be osed to, h . ...
5 R A CORE GBhHECE Ay Cibd PEF G 15 cBRRBCLT dgre ~ioidity
the first curved tube portion 2 and the second curved {
oLt kfife LpSLROIRETIBE B 8t b5 d8h ©F Rdr the asfel s 1Seie lubet 11 s possible
shown in Figs. 4(a) through 4 (d) , the flow tube 1
toasffestivbéd weshraeheridnoetion Hiepkdge s @mrddiced. asl ghown in
the following, its construction will be briefly

ridescri bpd. fThetf busteeupyedibtbeg, perki 88c3nhasnlBe portion 6,
first inlet portion 4 and the first outlet portion 5.

anEh€h§e&@ﬁgeé’é{%!ﬁdtﬁb’@epﬁoﬁér?rb a%&%%ﬂa%%e%}e%%g@ih%%ly in a

portion 6 and e second outlet portion

scfanDReti g, tube ROrt | 9R B b3y 0¥ fed DAINESN th%rtion, it is
possible to enhance the ease of manufacture and durability of a
Coriclis flowmeter.

As described above, according to the present invention, it
ispossible toprovide theCoriclis flowmeter 11, which isnot subject
to vibration leakage, and which is easy toznanufacture.andgprovides
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 is ocbtainedby looping
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



portion 5 and the second inlet portion 6. The first
outlet portion 5, the second inlet portion 6, and the
connecting tube portion 9 are forned and arranged so
as to be continuous in a straight line. The first
inlet portion 4 and the secor®® inlet portion 6 are
fixed to the fixing nenber 8 so as to be in the sane
pl ane; 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

3 secedrch iodledr porttd aheb flble thibestt eublvat ipoFigsn &(ahdthrough
the second outlet portion 7 are fixed to the fixing

4 (FRRRE 8 RPruBs 113 Mesd MR ew S RAR JHARGceWd Pikhe i s embodied.
first outlet portion 5 and the second outlet portion

7_bei r ed. . ] el c .

i oG PR BIPR LER 3 BPtuh0e0R B hE pb P Flndgecrivea.
and the termnal 7a of the second outlet portion 7 ,
ar e TRl OUtS s G Vath 4HPSaBCEhoRR § P gheafdy St hByet portion
are perpendicular to the arrow P of Fig. 1 and that

4 ank tdier ddtrisdn ol Leffi phArt henneas Uitemesmconiduicd r vedotsbenportion
(terminal 4a) and the direction in which the

3 heeasieereniond Lnildtf bowsiont ¢ (ded nilalsetahdapatlet portion 7.
opposite to each other. 26 The driving device 13 is

ThOIPHARG L) WeeR Hheti88Peald ¥eoaRaXd POFld NI HEd raRdt cutlet
16 of the first curved tube portion 2 and the second

po%%{c\)/ﬁ% gggf\%ﬁ)@rsteic%gldg%rafggt%?ef?jhobr?tGVyee?hé %fsj??ﬁ%gie\éeportion

Fve i ons e fi'rst curve

partion 2 and the second curved tube portion 3, there .

5, B SRR I B I b evee Ehitg CoBBRE b 893 BubRgbor tion 9
14. A wel | -known brace bar 21 is provided so as to be
argdionmes gpd prr3nIpdl 8@ JFotl bA 4orhEngdes siscendtralight line.

portion
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 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
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.



6. Simlarly, another well-known 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 fromthe fixing nmenber 8 by a
predeterm ned di stance. The akéows in the figures show
how the neasurenent fluid flows. (Exanple 2) In the
flow tube 1 shown in Figs. 5 (a) through 5 (d) , the
| ead-out directions of the termnal 4a of the first
inlet portion 4 and the term nal 7a of the second
out | @heporivOng Aeafiddhesfloprbubaed sdoyden 't‘Plech8§pect1ve apex
4(a) through 4(d) are changed. Thus, the term nal
[ kNl et t v
S A t&%???%%gfﬁﬁo@dm%?%eémg& Tarle socons
Qut ch that, as s . .5 (a) , the direction
S T B SR S O ther FPARRCtAYP curved
and the direction in which the nmeasurenent fluid fl ows
POgHLONE: &P ATAIL 570F tdee i het saiw qd hubeepeithdn 2 and the second
direction: see the arrow P of Fig. 1) . Further, the
curged habedpontiohned f ithstrel aketppovided tHe andradteon detecting
term nal 7a of the second outlet portion 7 are | ed out
seb036 a8 40d el ar paRged- kol e £60d §ad '2'1e15|p9(§vicﬁ‘§d so as to
first curved tube portion 2 and the second curved

bet Hgﬁrﬁ?ﬁét ERE §lla§t Sihown: %)%E%Ilgn 4 %th%i %%roug NG :%bler{ portion

e f lowtube 1 shown i igs
the termnal 4a of th

o iTedsadton areelions o ihe sl oL e Lo
Sbeecgggrgghte lt%te PJ(_)rré’lc gﬂtze?:fpgrhtelofrl g\g/ntdui?ge lsesc:g?lvgloutlet 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 1 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.
S>(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 Figs. 4 (a) through 4 (d) are changed. Thus, the
termnal 4a of the first inlet portion 4 and the
terminal 7a of the second outlet portion 7 shown in
Fig. 6 are |l ed out such that, as showmn in Fig. 6 (a)
, the direction in which the #easurement f luid f |ows
in (termnal 4a) and the direction in which the
nmeasurenent fluid flows out (termnal 7a) are the
same (the vertical direction: see the arrow P of Fig.
1) . Further, the first curved tube portion 2 wth the
sctasrfimndle darehgeteifittst cenltetr pontiloh of 8hd fhest curved tube
second curved tube portion 3 with the term nal 7a of

polrhe oseconddotihkels Rt elirieer @sHe %@Qﬁl@hh@ra%ssﬁg%wnln Fig.
in Fig. 6 (a) , and, in this state, they are |led

5 ? 9 as to be arranged in the center line LI of the
irst curved tube portion 2 and the second curved
tube %o§ |on 3 as shown in Fig. 6(b). (Exanple 4) In
ﬁg'% w tube 1 shown in Figs. 7 (a) through 7 (d) ,
the | ead-out directions of the termnal 4a of the
firstnitiectlypErbed shewr indd og-ef i hahrpagbfé tdhe the lead-out
second outlet portion 7 of the flow tube I shown 28 in
difegsiods(af thw degmisaldlaar e Wharfgedt Thast pbetion 4 and the
termnal 4a of the first inlet portion 4 and the

tetRiAbDala & @het BecSLEQN QM bRlrt 1R V100 theSROWR tibe 1 shown
Fig. 7 are |led out such that, as showm in Fig. 7 (a)

o et Tl A Thd FoerE %ﬁe.“ﬁfﬁmé' i el 4a of
t I
thsan%fjs{?ﬁ%%etrwieo& B e SBERRR 1/ Finf B Foeppd ot et

l Fyrther the first curved tube portion 2 with the
portion shown in Fig. 6 are led out such that, as shown in Fig.

6(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 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 1 shownin Figs. 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



termnal 4a of the first inlet portion 4 and the

second curved tube portion 3 with the termnal 7a of

the second outlet portion 7 are led out so as to be

arranged, while undergoing bending as shown in Fig.

7(b), in the center line L2 pé&tpendicular to the

center line LI of the first curved tube portion 2 and

the second curved tube portion 3 as shown in Fig.

7(b). (Exanple 5) In the f lowtube 1 shown in Figs. 8

(a) through 8 (d) , the bending directions of the
int Eigenafl (4a Ofirohehf4 (dt and ehapgeti.onThuanpdthdeterminal 4a of

term nal 7a of the second outlet portion 7 of the flow
theuberit showt portHid@s 4 £ha)thdreuel nt(dyaase @K@r&%nd outlet

(Exanple 6) In Figs. 9 (a) through 9 (d) , a flow tube

pottlohn6! UAESH YO Fube 7 pgrd 1%§$tu gu&ﬁs%hgyrveg éﬁ%ﬁ% in Fig.

portlon 21 and a setond curv e por

urved. t uhe ort 2' has a i.nl et
7 (e it E RN R PRLE Blema ot £naie BiRiss in (terminal
second curved tube portlon 3" has a second inl et

dapopidort e MG it ol Witdletthorieasureneny FTheid flows out
first inlet portion 4 and the second inlet portion 6

(tarmifiptedat caxe e fseingt 22hef varfica hgdimeaderoB! s ahe arrow
to be in the sane plane with the first inlet portion

P 4f mnd.the. senonthd | ethe FAMIYIORUE vREItRB A 9e¢ 30with the
as not to be parallel to each other. Like the first

Cof SRR R e PR ORI g e lfe e
pogtlgéeas %ﬁxhgéﬂgéy%fgg Igglgf ghgfségg% |)ﬂ€1 t pofilon 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 curvedtubeportion2' hasafirst inletportion

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

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



the same plane, wth the first outlet portion 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 fluidsflows out through a
mani fold 23 of the fixing nmenber 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

secomhecurived ihube peoitien 3'apfd3the FULLDST; . '
vi bration detecting sensors 14 and f% are proﬁ?%%g}portlon 6

tagen; t t4-pns. 15,-.15, 15 , . and 15 of ,
al?f]e fi rstﬂgua‘r:\%agﬁtdfu g{péoér)trl?fonas Mg 2€ the $2fhd© Pe in

curved tube parti 3_and 31.. The brace bar 21 is
EH SRl 950 PHET PPt TT it ki1 BPBR.hahi and &ha peeond inlet

second inlet portion 6 and 6' so as to be astride the
PG ion| BE1pEr 2Fbangednso /s ared thebespapatlléhl B each other.
portion 6 and 6' . Further, the brace bars 21 are
Lijsadde fapatt ihlem pbetioxi 0y seabeis Skarth 8nlt §ortion 67,
predet erm ned di stance so as not to come into contact

thal tfh rsheohitXengpaRDERS58 3 Bhe égkgﬁﬂ‘%&ﬂﬁgtrﬂé¥%ion 7' are

arrows in Figs. 4 through 10 show how t he nmeasurenent

il 4 e (008 0 Lt O DL 30 o be o
O ORE oL PO IO 3L AN L Ay the second
ou%?%% portion 7' being arranged so as not to be parallel to each
other. Thenmasurementfluidflowsintothenmnifold220fthefixing
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, 15°',
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' so0 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 &' by a predetermined distance

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



flowrate and a density of a nmeasurenent fluid through

detection of at |east one of a phase difference and a

vi bration frequency proportional to the Coriolis

forces acting on a pair of first and second curved

tube portions constituting a asurenent flow tube by

vibrating the first and second curved tube portions

whi |l e being opposed to each other, conprising: a

first inlet portion through which the neasurenent

fluid flows in and a first outlet portion through

ich the, nmeasurenment fl ui the first

NoLr Bt 1 OB BRTTTOT Bhfits bEeoRiohn bEGUIPEEaS Reasurement

t hrough which the neasurenment fluid flows in and a
flydeofdovEt| et portion through which the neasurenent

fluid flows out, in the second curved tube portion,

t he Coroald withdoiwatdnghgiatgvehasas treri fadatn odnzadre gossible

fixing menber is provided so as to be situated in a
wibhddkedepasttihgnrebmt Reef kewptube @ﬁesﬁﬁﬁsbﬂtpﬁﬁﬂentlon

view, the first inlet portion, the second inlet

portion, the first outlet portion, and the second

outlet portion are fixed to the fixing mnmenber; and in

the fixation to the fixing nmenber, tube axes of the

first inlet portion, the second inlet portion, the

first outlet portion, and the second outlet portion

are arranged in the sane plane, the first inlet

portion and the second inlet portion are arranged in

32 a non-parallel state such that a distance

t herebet ween i ncreases as they depart fromthe fixing

menber, the first outlet portion



and the second outlet portion are arranged in a
non-parallel state such that a distance therebetween

i ncreases as they depart from the fixing nenber, and
the first inlet portion and the second inlet portion,
and the first outlet portion dhd the second outl et
portion are arranged symmetrically. 2. A Coriolis
flowmeter for obtaining at | east one of a mass fl ow
rate and a density of a measurement fluid through
detection of at |east one of a phase difference and a
vi bration frequency propor€L8ndb to the Coriolis
forces acting on a pair of first and second curved

t ube 1poRt fense TDN S lidwiid gy ForeabuheneAl 4t M43 nedYf a mass
vibrating the first and second curved tube portions

fﬂﬁwlﬂét%e%ﬁ@,a°399§§9¥tQfGQQHaﬁ%éﬁg??ﬁ¥”§¥dfﬂrEhr&hgh detection

first inlet portion through e measur enent

l_yid flaows _ in_and first. Qutlet portjon _t.hroygh
OfuReH e s (oo ATLH LS ged i e AiaRg frequency
curved tube portion; and a second inlet portion, '
PRSI AR R ERe hebst eReir $¢iaftinows rnPahs @f first and
second outl et portion through which the nmeasurenent
s efdogicd chirgwsl bube Part henseconst ttnving taibegrntémmt flow tube
the Coriolis flownreter being characterized in that: a
byf Yxbngtiegbete ifs rprtovhdede Sonascuordie tabkUpbedibAsashile being
m ddle position of the flow tube as seen I n plan

oppbB¥a 33 te'&%h; b‘tﬁteri,mc%lhpl%‘lrstiin%“.’ the second inlet

portion, the first "outlet portion, and the second

OUtlg%ﬂ%%éiﬁfe@&%rgzé%%ﬁf%&gﬁ%ﬁici@geﬂggg¥¥émentfluidflows
in and a first cutlet 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 fhrough.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 outlet portion are fixed to the fixing
member; and

in the fization 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



a connecting tube portion is provided between the
first outlet portion and the second inlet portion,
for connecting the two portions; in the fixation to
the fixing nmenber, the first inlet portion and the
second inlet portion are arrahdged in a non-parall el
state such that a distance therebetween increases as
they depart from the fixing nmenber, the first outlet
portion and the second outlet portion are arranged in
a non-parallel state such that a distance

a nherpbebléed bsheteaseshashihey dieparicd romridhe ficdmMdncreases
menber, and the first inlet portion and the second

asi Rhely pephren rrand thle rhikdisly reubles, RALL F9RANdEARE portion
second outlet portion are arranged symetrically; and

then L t portion, the second inlet_ portion
aMand tﬁ%ﬁﬁggﬁhgggﬁﬁgﬁéhggogor¥?5ﬁx§P§e PR &P RATallel state
three portions are in a

that . tube axes of the

Su&Fr %Paﬁt 3 gﬁé.’%%?e/xt%F?Eﬁitﬁeﬁpomﬁﬂf@ﬁsaécéﬁdrcﬁgyt gepart from
Caiml1l or Aaim?2, wherein the fixing nmenber is

Lhe of etn & dissoadti anfythe fgstof ndetipaniliam and the second inlet
configuration and an arcuate configuration in plan

poviéwn, andChei DL rst fduninet ebracearaidighkos &@hdchitlet portion
wherein the fixing nmenber is fornmed in a wall-1ike

areontirgdfati 8Pmmetrically.

2. A Coriolis flowmeter 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
propertional 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:

afirstinletportion throughwhichthe neasurement 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 secondinletportion, for connecting the twoportions;

in the fixation tec 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 seccnd outlet portion are arranged
symmetrically; and

the first outlet 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

configuration and an arcuate configuration in plan view.

4. ACoriolis flowmeter according toClaim3, whereinthe fixing

member is formed in a wall-like configuration.



