DESCRI PTI ON  CORI OLI S FLOW RATE METER W TH FLOW TUBE
OF DOUBLE LOOP STRUCTURE TECHNI CAL FI ELD The present
invention relates to a Coriolis flowreter which
detects a phase difference and/or an oscillation
frequency proportional to a Coriolis force acting on
a flow tube to obtain the mass flow rate and/or
density of a fluid to be neasured, and nore

specifically, to a Coriopggckkemeier equi pped with a
flow tube of a double Ioop structure. BACKGROUND ART
A Coriolis floweter is a nmass flowreter utilizing the
fact that when a flow conduit through which a fluid
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perpendi cular to the flowng direction of the flow
conduit is applied to a portion of the flow conduit
around the support point, the Coriolis force acting-
TEGHNIGALf FORLPonduit (Hereinafter, the flow conduit to
which oscillation is to be applied wll be referred
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rate. The Coriolis flowmeter is well known, and fl ow
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more specifically, to a Coriolis flowmeter equipped with a flow

tube of a double loop structure.

BACKGROUND ART

A Coriolis flowmeter is a mass flowmeter utilizing the fact
that when a flow conduit through which a fluid to be measured flows
is supported at one or both ends thereof, and an oscillation in
a direction perpendicular to the flowing direction of the flow
conduit is applied to a portion of the flow conduit around the
support point, the Coriolis force acting on the flow conduit
(Hereinafter, the flow conduit to which oscillation is to be applied
will be referred to as the flow tube) is proportiocnal to the mass
flow rate. The Coriolis flowmeter is well known, and flow tube
configurations of the Coriolis flow tube are roughly classified

into a straight tube type and a bent tube type.



supported at both ends in a direction perpendicular to
the straight tube axis, there is obtained, between
the support portions and the <central portion of the
straight tube, a difference in straight tube '
di spl acenent due to a Coriolis force, that is, a phase
difference signal, and a mass flow rate is detected
based on this phase difference signal. The straight
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equi pped with a single flow tube (see, for exanple,
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In contrast, the bent tube type Coriolis flowmeter is superior
to the straight tube type Coriolis flowmeter in that it is possible
to select a configuration for effectively extracting the Coriolis
force; in fact, the bent tube type Coriolis flowmeter can detect
mass flow rate with high sensivity. Known examples of the bent tube
type Cor‘iolis flowmeter include one equipped with a single flow
tube (see, for example, JP 04-55250 B), one equipped with two
parallel flow tubes (see, for example, JP 2939242 B), and one
equipped with a single looped flow tube (see, for example, JP

05-69453 B).

DISCLOSURE OF THE INVENTION
A Coliolis flowmeter of a structure in which flow tubes

undergo oscillation while opposed to each other, as in the case



following problem That is, when the rigidity of a
fixing menber for fixing the flow tubes is |ow, or
when the distance between the fixed ends of the flow
tubes is rather large, oscillation | eakage is caused
to occur in the longitudinal direction fromthe
zeniths toward the fixed ends of the flow tubes. Due
to this oscillation |eakage, the energy dissipation
of 3L i 06469453 Deiemdvridtt dlpste,cdras din esididd aidn Isystem of a
downstream direction of the flow tubes, so there is a
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fog§8‘¥§%m%§f . 0 i Is?alté 3 OEhL}ﬁakﬁge f&f‘d?@¥r@:f iag?fti&éing member

ancé between the”opposing fixe

ends of the pOS] flow. tubes and t he

foyx i%&lﬁm&ﬁﬁ"’t FdBes (i 190 O HESP, fho ' A fA%e hetween the
flow tubes. As is known in the art, it i s nost, \

fivediendsmof sheafdpwytngesnbana el A Qsgildption leakage
detecting nmeans nounted to the flow tubes to be .

is atawsektd wadue ncthefloheitwdéinal dicection|fxemghe zeniths
flow tubes. Thus, to arrange the driving neans and

towded osKse | # BtddrerdR ot the fIBANtubebediué e diricsiosrillation
flow tubes, it is necessary to enlarge the distance

ledRl ?%ﬁ?%rﬁ'%ﬁﬂ@%ﬁ LIRY rbRSb’ vak1€s héOween the upstream
I on. re, tg

consi dera king 1nto account what has been

i d t { ' { f t. j

a1 teRFFoRand e dorhB e RS, Ptk eRTt s, jp EiBEsT S0 there
structure_in which the jnter-tuybe distance . 3 is

isra| feayer§ éﬂrareean’r:réhﬂ?ﬁebﬁil?ed%ﬁ&ga%&ﬁard t he

zeniths.
The inventor of the present invention has found out that, the

above-mentioned oscillation leakage can be mitigated by reducing
the distance between the opposing fixed ends of the opposing flow
tubes and, at the same time, enhancing the rigidity of the fixed
ends of the flow tubes.

As is known in the art, it is most efficient for a driving
means and an oscillation detecting means mounted to the flow tubes
to be arranged in the loci of the axes of the oscillating flow tubes.
Thus, to arrange the driving means and the oscillation detecting
means between the opposing flow tubes, it is necessary to enlarge
the distance between the flow tubes taking their size into
consideration. Here, taking into account what has been found out
by the inventor of the present invention as mentioned above, the

flow tubes should be of a structure in which the inter-tube distance



In the follow ng, the flow tube structure in which the
inter-tube distance is relatively enlarged fromthe

fixed ends toward the zeniths will be described with
reference to the drawings. 1In Fig. 3, reference

nunmeral 1 indicates a flow tube of a double I oop

structure, and reference nuneral 2 indicates a fixing

menber for fixing the flowtube 1 in position. The
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tube 4, an inflow tube 5 continuous with the first
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second bent tube 4. Afluid to be neasured (not shown)
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13 to flowinto the outflow tube 6. The flow tube 1 is
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tube section 7 of the first bent tube 3 and the start
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théglzégvihér flow tube 1 flows into a start tube section 7 of the
first bent tube 3 from the inflow tube 5, and passes through a zenith
portion 8 and a return tube section 9. The fluid flows into a start
tube section 11 of the second bent tube 4 from a continuous section
10 between the first bent tube 3 and the second bent tube 4 and,
further, passes through a zenith portion 12 and a return tube section
13 to flow into the outflow tube 6.

The flow tube 1 is arranged such that the distance between
the start tube section 7 of the first bent tube 3 and the start
tube section 11 of the second bent tube 4 increases gradually.
Further, the return tube section 9 of the first bent tube 3 and
the return tube section 13 of the second bent tube 4 are also arranged

such that the distance therebetween increases gradually.

In the flow tube 1 of Fig. 3, bent subsections 14 of the inflow



tube 5 and the outflow tube 6 are arranged so as to be

barely free frominterference with the continuous

section 10, and there is generated, between the fixed

ends, a distance indicated by reference synbol t. The

di stance t influences oscillation | eakage and can be

reduced without involving interference by reducing the

di aneter of the fixing menber 2. However, that woul d
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member 2.

The present invention has been made in view of the above-
mentioned problems in the prior art. It is an object of the present
invention to provide a Coriolis flowmeter equipped with a flow tube
of a double loop structure contributing to a reduction in
oscillation leakage.

As shown in Fig. 1, which is a basic structural view of a sensor
unit portion, to achieve the above-mentioned object, there is
provided, according to Claim 1 of the present invention, a Coriolis
flowmeter 21 equipped with a flow tube of a double loop structure
which is equipped with a flow tube 23 through which a fluid to be
measured is passed and a fixing member 24 for fixing the flow tube

23 in position, the flow tube 23 being equipped with: first and



5 second bent tubes 31, 32 opposed to each other and,
respectively, having start tube sections 27, 28
extending away fromthe fixing nenber 24 and return
tube sections 29, 30 extending to return to the
fixing nmenber 24; an inflow tube 33 continuous with
the first bent tube 31; and an outfl ow tube 34
conti nuous with the second bent tube 32. In the
se€&ond Gherst flubeetar, 32, oppesetiatd dadie ey amd,2Tespectively,
the first bent tube 31 has: a first paralle
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tube section 28 of the second bent tube 32 due to the .
bept e 820f Inhhehd Costiclest fiakmeteirodl 2 e ghartHeaube section
return tube section 30 of the second bent tube
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bent subsection 30b. According to Claim2 of the )
28 pfethatsdqorshbenh tube32ora flirst bent subsection 27b continuous
with the first parallel subsection 27a; and a first start tube
section body subsection 27¢c extending gradually away from the start
tube section 28 of the second bent tube 32 due to the presence of
the first bent subsection 27b, and the return tube section 30 of
the second bent tube section 32 has: a second parallel subsection
30a substantially parallel to the return tube section 29 of the
first bent tube 31 or to the continuous section 35; a second bent
subsection 30b continuous with the second parallel subsection 30a;
and a second return tube section body subsection 30c extending
gradually away from the return tube section 29 of the first bent
tube 31 due to a presence of the second bent subsection 30b.

According to Claim 2 of the present invention, the Coriolis

flowmeter 21 equipped with the flow tube 23 of a double loop



flowreter 21 equipped with the flow tube 23 of a
double loop 6 structure according to daim1lis
characterized in that the tube axes of the return
tube section 29 of the first bent tube 31, the
conti nuous section 35, and the start tube section 28
of the second bent tube 32 nmatch with one anot her,
and the tube axes of the first start tube section

st hociyusel bsecotding 7oo Gkhithd dec charastenizaghdn that the tube
section body subsection 30c match with each ot her.

axds Cof Ay ettt tukrs sk tionendi of theifirsthdent tube 31, the
above-nmentioned features, it is possible to mnimze
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setting of the inter-tube distance on the zenith side.
sed@bionghodpt subsecsionngOef makiehi Wish- easd @td€Xnce on

the zenith side, it is possible to bring close to

eachnetbedihe cohp present bivention hayimgbie 2boyermentioned
the conponents of an oscillation detecting neans 26
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zenith. Further, in the flow tube 23, it is possible to effect
optimum setting of the inter-tube distance on the zenith side.
Thrdugh optimum setting of the inter-tube distance on the zenith
side, it is possible to bring close to each other the components
of a driving means 25 and the components of an oscillation detecting
means 26 without using any dedicated bracket. Thus, there is not
involved any uncertain movement of the forward end of a bracket
with deformation of the flow tube 23 due to temperature change,
or any surplus additional mass, making it also possible to take
oscillation resistance into consideration. On the other hand, by
matching the respective tube axes of the different portions of the

flow tube 23 with each other, it is possible to form the first and

second bent tubes 31, 32 substantially ina mirror-image structure.



flow tube 23 with each other, it is possible to form
the first and second bent tubes 31, 32 substantially
inamrror-inmage structure. 7 As a result, it is
possible to attain a stable oscillation system
According to the present invention, it is possible to
reduce oscillation | eakage in a Coriolis flowneter
equi pped with a flow tube of a double |oop structure
Asds reymared tWikhpddeible tdatpaion a stabléwdsdierlatiion systen.
is al so possible to inprove the tenperature
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view, portion (b) is a sectional view taken along the
chhraetérfstperdrndosét)lasiongsedisraice vifchhe akcnlabbhgn system
the line B-B, portion (d) is a side view, and portion
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sectional view taken along the line A-A and
arbortion (c) is a sectional view taken along the |ine
B- B.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a basic structural view of the sensor unit portion
of a Coriolis flowmeter according to an embodiment of the present
invention, of which portion (a}) is a front view, portion (b). is
a sectional view taken along the line A-A, portion (c) is a sectional
view taken along the line B-B, portion (d) is a side view, and portion
(e) is a main portion enlarged view.

Fig. 2 is a basic structurai view of the sensor unit portion
of a modification of the flow tube and the fixing member, of which
portion {a) is a front view, portion {b) is a sectional view taken
along the line A~A, and portion {(c) is a sectional view taken along
the line B-B.

Fig. 3 is a structural view of the sensor unit portion of a

conventional Coriolis flowmeter, of which portion (a) is a front



Fig. 3 is a structural view of the sensor unit portion
of a conventional Coriolis flowreter, of which
portion (a) is a front 8 view, portion (b) is a
sectional view taken along the line CC, and portion
(c) is a main portion enlarged view. BEST MODE FOR
CARRYI NG QUT THE I NVENTION I n the follow ng, the
present invention will be described with reference to

viéwe sorridgs(bFigs 4 s&chibnaslcviewutakenl alopy the line C-C,
the sensor unit portion of a Coriolis flowreter
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which portion (a) is a front view, portion (b) is

a sectional view taken along the line A-A,  portion
(c) is a sectional view taken along the |ine B-B,
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flowreter 21 according to the resent mvenﬂ) bed with
equi Ppébeviahlewingi emre$% inggntigs whl dadscribed wi
accommodated in the casing 22, and the fixing nenber

refdrémee f o tiye tdrawimyst ulRig 23 iirs podiasiion strmatigial view of
the Coriolis floweter 21 according to the present
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shown) having a dr|V|ng devi ce 25, a pair of
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device 25. In the follow ng,, the above ment i oned
(d) is a side view, and portion (e) is a main portion enlarged view,

In Fig. 1, the Coriolis flowmeter 21 according to the present
invention is equipped with a casing 22, the flow tube 23 accommodated
in the casing 22, and the fixing member 24 for fixing the flow tube
23 in position. Further, the Coriolis flowmeter 21 according to
the present invention is equipped with: a sensor portion (not shown)
having a driving device 25, a pair of oscillation detecting sensors
26, 26, and a temperature sensor (not shown); a signal computation
processing portion (not shown) for performing the processing of
computing mass flow rate, etc. based on signals from the sensor
portion; and an excitation circuit portion (not shown) for exciting
the driving device 25. 1In the following, the above-mentioned
components will be described.

The casing 22 has a firm structure resistant to bending and



conponents wi |l be described. The casing 22 has a firm
structure resistant to bending and 9 torsion. The
casing 22 is of a size allow ng acconmodati on of the
flow tube 23, with the fixing nmenber 24 for fixing the
flow tube 23 in position nounted thereto. Further,
the casing 22 is formed so as to be capabl e of
protecting the main portion of the flowreter, such as

tokBeohl OvrReIRRsddg bhaisisE af BEzecasDowingtagesmodation of the
The interior of the casing 22 is filled with an inert
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suchsesi thevElgw twulge 23 hethabnis guthe i sensey |urbt portion. The
long as a sufficient level of rigidity can be
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fixing nenber of a rectangular configuration in plan
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fornmed by | ooping a single neasurenent flow tube,

appnepriatefneansperffhe yhixizig member 24 is formed in aan dcircular
configuration in plan view (While a circular configuration in plan
view is desirable, this should not be construed restrictively. Any
other configurationwill do as long as a sufficient level of rigidity
can be secured. For example, it is also possible to form a fixing
member of a rectangular configuration in plan view, or a fixing
member 24' as shown in Fig. 2). In this embodiment, the fixing
member 24 is formed as an annular wall having a space therein. As
the material of the fixing member 24, there is used one usually
adopted in this technical field, such as stainless steel.

The flow tube 23 is of a double loop structure formed by looping
a single measurement flow tube, and has: the first bent tube 31
and the second bent tube 32 opposed to each othér and, respectively,
having the start tube sections 27, 28 extending away from the fixing

member 24 and the return tube sections 29, 30 extending to return
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and the second bent tube 32 opposed to each other and,
respectively, having the start tube sections 27, 28
extending away fromthe fixing nenber 24 and the
return tube sections 29, 30 extending to return 10 to
the fixing nmenber 24; the inflow tube 33 continuous
with the first bent tube 31; and the outflow tube 34
continuous with the second bent tube 32. The first

tobehé fikéndlmemdeirh24sethadihddbw tube 32 gbntheubbewwith the
tube 23 are connected together by the continuous
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reference synbols indicate the f |OMAng direction of
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and the second bent tube 32 will be descrlbed. The
see¢tiap B2nt tube 31 and the second bent tube 32 are
both formed substantially in an elliptical
confTigeiraatricws iel bhealmaivimg st thooi zefeoénce raysibals indicate
The first bent tube 31 and the second bent tube 32

théfa wWintrdi feeei AJPLhY filhid b Wedhea$BOEd (not shown) flowing
configuration. The construction of the first bent tube
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reverse bent tube section 36 contlnuogi)MAtQ .
the E&%ﬁ‘f—; thwafirstibgnt tube 31 and the second bent tube 32 will

be described. The first bent tube 31 and the second bent tube 32
are both formed substantially in an elliptical configuration
elongated in the horizontal direction. The first bent tube 31 and
the second bent tube 32 are formed substantially in a mirror image
configuration.

The construction of the first bent tube 31 and the second bent
tube 32 will be described in relation to the flowing direction of
the fluid to be measured (not shown). The first bent tube 31 has
the start tube section 27 continuous with the inflow tube 33, a
reverse bent tube section 36 continuous with the start tube section
27 and reversing the flowing direction of the fluid to be measured
(not shown), a zenith tube section 37 continuous with the reverse
bent tube section 36, a reverse bent tube section 38 continuous

with the zenith tube section 37, and the return tube section 29
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27 and reversing the flomng direction of the fluid to

be neasured (not shown), a zenith tube section 37

continuous with the.reverse bent tube section 36, a

reverse bent tube section 38 continuous wth the

zenith tube section 37, and the return tube section 29

11 continuous at one end with the reverse bent tube

section 38 and continuous at the other end with the
conbbhiiousustsenti end36itntheereveesehhedt thbeseestdon 38 and

bent tube 32 has the start tube section 28 continuous

coMtiRubhe §8NthBUSHReECERHORNIBR, tRel EBALIAUCDSNEeici®n 35.
section 39 continuous with the start tube section 28,

2z f&@tdgaé B%a%eﬁéﬁgg Al U ﬁtwcﬁﬂ;%tﬁeha%vgné?tm tube

sectlon a reverse ent t e section

n th.t t t ube ectlon d
sefEionncf et asepas 468koRhenaans RRoRR0 <t T Ry {%" , reverse
reverse bent tube section 41 and conti nuous . at .
bent hERbEnBeGFLAN AY GORELBWORSOULSH. thee SSAKL, tilhse section 28,
section 27 of the first bent tube 31 has: the first
a penathetubebsection A0a culisiramus|withathe| severse bent tube
exanple, to the continuous section of the start tube

se8ELbh @D,28 reéfvdrie besontibessttiohal 132oanintbas with the zenith
conti nuous section 35 (or that of start tube section

tuB8 S0C: FONTAAUGHY 2he! FeRun) tubEesébE%nb?@tcontzl.nuous at one

subsectfion 27b continuous wWith the first parall

engEEE 160 4EecHECHRE PR s fch, 1 S ot one

tart tube section 28 of the second bent tube 32 due
°t¥%r end WiEBehbe ertfhevs FuBe Hént subsection 27b.

The start tube section 27 of the first bent tube 31 has: the
first parallel subsection 27a substantially parallel, for example,
to the continuous section of the start tube section 28 of the second
bent tube 32 and the continuous section 35 (or that of start tube
section 28 and continuous section 35); the first bent subsection
27b continuous with the first parallel subsection 27a; and the first
start tube section body subsection 27c extending gradually away
frbm the start tube section 28 of the second bent tube 32 due to
the presence of the first bent subsection 27b.

The first parallel subsection 27a is of a straight
configuration and is arranged and formed such that one end thereof
is continuous with the inflow tube 33. In this embodiment, the first
parallel subsection 27a is firmly fixed to the fixing member 24.

The first parallel subsection 27a is arranged and formed at a limit

12



The first parallel subsection 27a is of a straight
configuration and is arranged and forned such that one
end thereof is continuous with the inflow tube 33. In
this enbodinent, the first parallel subsection 27a is
firmy fixed to the fixing nmenber 24. The first
paral |l el subsection 27a is arranged and forned at a
[imt 12 position where it is barely free from

pokitebhengnrae WM th ilshebasolyi Mi@es Seomi datelr felrenstearwith the
tube section 28 and the conti nuous section 35. The

co?%iﬁﬁoﬁ@@eéﬂ?&?%‘j PReldbPatt AihenGRE idl 2804M@ 15D cdhtinuous

e continuous with the other end of the first
£all subsection 27a. In this enbodi nent, the
SeE?%gP géht subsection 27b is arranged and forned

precisely, at osition where jt, protrudes fraom
DLt oFhe b Fph P&t cenb el bon ftb P34 ananst Ahsh Tgrped so as
this enbodinment, the first bent subsection 27b js ,
tothw pedtinupusheith khesetheyand pfsthe fizst paxprllel subsection
section body subsection 27c continuous therewith is
27a0cl imehikyembpdimens; athe iwisthbens midsaat iidre 23bat s arranged
tube section 28 of the second bent tube 32 (This

and N i pPBCi B ¥t @ ¥ESiBYonWerd i®x@Eret rudés fidensthe outer
enbodi nent, the inclination is set in conformty with

peé?ﬁp%&%f 9fi £l eoéfigﬁggfgﬂ%ﬂﬁtﬁ&ﬁﬁgg §@Dsqﬁ?ﬁﬂas(fﬂﬁbdiment,

ubé sectron 2 irst bent tube 31 an

the start tubhe section 28 of_the second .bent.tu :
thg Girsh Bepy 1S CEiQR AT ¢ 8 Famed SUePartat ihis BErdfont first
section 27 of the first bent tube 31, arrange

d suych . .
sterkt tihe wesition Radinssehsact bomt 2AFnEANEAPRELS therewith is

inclined by approximately 8° with respect to the start tube section
28 of the second bent tube 32 (This inclination is only given by
way of example. 1In this embodiment, the inclination is set in
conformity with the size of the oscillation detecting sensors 26).

The start tube section 27 of the first bent tube 31 and the
"start tube section 28 of the second bent tube 32 are, due to the
construction of the start tube section 27 of the first bent tube
31, arranged such that the minimum dimension T is attained between
the fixed ends (T < t; as for t, see Fig. 3). The first start tube
section body subsection 27¢ forming the start tube section 27 and
the start tube section 28 of the second bent tube 32 are fixed by
a brace bar 42. The brace bar 42 is a plate-like member astride
the two tubes, and is arranged at a position near the fixing member

24, The brace bar 42 is used in order to improve oscillation

13



the fixed ends (T <t; as for t, see Fig. 3) . The
first start tube section body subsection 27c form ng
the start tube section 27 and the start tube section
28 of the second bent tube 32 are fixed by a brace
bar 42. The brace bar 42 is a plate-like nmenber
astride the tw tubes, and is arranged at a position
near the fixing nenber 24. The brace bar 42 is used

resfsbaflee b9 HEPieYEngSErbhakheR otRekethet aaterhy frequencies
deV|at|ng fromeach other the natural frequencies of

h-Riiesse %%‘Hilll At iYH ?Pat the opposite ;FKE@@ oscillation of

030|ﬁlat|on of eac OSCI i on node of the fl ow tube

eagh, "G L REH  hae oPE, i " At kUEp 137 AR opposing

oscil | ation base thereb achi e i ncrease in.
osahﬂamppy Shet or khEUBEaGscialy Gb BFETRR Cachigperse the

bent tube 32 has the second parallel subsection 30a
stxesstaht the | gsphllation bage, dhansky aghigieing an increase in
conti nuous section of the return tube section 29 of

dutékilitgt bent tube 31 and the continuous section 35
(or that of return tube section 29 and conti nuous

secttRe Beturh NEulS€CadEl i oMo sy sard is8toilth bent tube 32 has:

continuous W th the second parallel subsection 30a;

thgggeEBﬁgeﬁ%EQQl%ﬁt?Hﬁ%ég?iéﬁa 6&"Ns ?ﬁg¥an Egﬁf?tgggallel, for

ng “gradu yavvay rom ere urn
secilon 29 of the ,first bent, tube_31 due to tH be section 29

SXPPREENCEC oFRE HePREHIRND TRECIAR R |

second parall el subsection 30a is of a stralght
of the first bent tube 31 and the continuous section 35 (or that

of return tube section 29 and continuous section 35); the second
bent subsection 30b continuous with the second parallel subsection
30a; and the second return tube section‘body.subsection 30c
extending gradually away from the return tube section 29 of the
first bent tube 31 due to the presence of the second bent subsection
30b.

The second parallel subsection 30a is of a straight
configuration and is arranged and formed such that one end thereof
is continuous with the outflow tube 34. In this embodiment, the
second parallel subsection 30a is firmly fixed to the fixing member
24. The second parallel subsection 30a is arranged and formed at
a limit position where it is barely free from interference with
the continuous section of the return tube section 29 and the

continuous section 35.
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configuration and is arranged and fornmed such that one
end thereof s continuous with the outflow tube 34.
In this enbodi ment, the second parallel subsection
30ais firmy fixed to the fixing nenber 24. The
second parallel subsection 30a is arranged and forned
at alimt position where it is barely free from
interference with the continuous section of the

r et Uk td8WIRE Bendn sdBseikd ibhe 30bobs | arrarsge@dndfadfed so as
14 The second bent subsection 30b is arranged and

to b Btk SuGSs v.ﬁ%ﬁmbl[sn& BRhieRUSS o' £Ke kBeoAlI r £k DEubsection

the second paral subsection 30a. In this

d
30%hdnggﬁ£ ﬁﬁb §§§§¥'FB%Q%%iﬁﬁf%%ﬂhé&é?%ﬁ#f%@?g%@&?ﬂrranged
anQ Eoginet RECSIPRAYA R PRELELSR I TERSHE 9400 b gubsection

enbodi nent, the second bent subsection 30b is forped

30k pebtavges ficostthe gutes maHPherak FUEEBEeRE LhE HbiRA member
subsection 30c continuous therewith is inclined by

24 apmocthint ehpodivienit, thepsetohd bérptrsubsectide 30b is formed
section 29 of the first bent tube 31 (This

sucRAHIRUHHY St 2030 de¥8RdOYe¥BYnOtulsE el €ion bddy subsection
enbodi nent, the inclination is set in conformty with

BO%hgoﬁE ﬁugh téﬁ%éﬁg%cma%%ong?&ﬁ% ' f&ﬁﬁ%el% 8° with

he re urn tube secon nt tube 3

eturn, tube, section,29 o th t e
regect ofo dhie  BREHER EURG! FAEFAOR G° Phe P& Mt bEAT tube 31
section 30 of the second bent tube 32 arranged such thi
(Thimt ined imatilenm % noRdYorgiver Ry A3edoh eﬁl%é"r? In this

embodiment, the inclination is set in conformity with the size of
the oscillation detecting sensors 26).

The return tube section 30 of the second bent tube 32 and the
return tube section 29 of the first bent tube 31 are, due to the
construction of the return tube section 30 of the second bent tube
32, arranged such that the minimum dimension T is attained between
the fixed ends (T < t; as for t, see Fig. 3). The second return
tube section body subsection 30c forming the return tube section
30 and the return tube section 29 of the first bent tube 31 are
fixed in the same position by a brace bar 42 which is the same as
the one described above.

The return tube section 29 of the first bent tube 31, the
continuous section 35, and the start tube section 28 of the second

bent tube 32 are formed such that their tube axes match with each
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the fixed ends (T <t; as for t, see Fig. 3). The

second return tube section body subsection 30c

formng the return tube section 30 and the return

tube section 29 of the first bent tube 31 are fixed

in the sane position by a brace bar 42 which is the

sane as the one described above. The return tube

section 29 of the first bent tube 31, the continuous
othect i dFimtlanhyl, the §inst shart tubeisscipwbodyesubsection 27¢

second bent tube 32 are formed such that their tube

ofaxies finteh brith taseh 311andt bhe. s&cohd aréyurh henlbe rsdction body
start tube section body subsection 27c of the first

subSBttisheI@l o3 ehi N ERIOBEnE A& SRUREe SRM & shedythat their

subsection 30c of the second bent tube 32 are forned

C [ t ch. W
R TH A T SRR o e Wi R éﬂ%. %&ﬁvf? fiféinty the return
irst bent tub st
tubh SRR AAAT S 2igs tibent hune S 304 Hns Brat ine section
menmber 24. In this enbodinent, the zenith tube
28 2 tthen segpndnbent tatba 32 arerEirmbyitf ingsh ter thadfixing menber
second bent tube 32, respectively, are forned in the

24configuration as shown in the drawing, in which their
m ddl e sections are brought close to each other in

conf pf s \Mmddd ie@tS| ERe Ger iteh Hubd BacE€eBnee3?2and 40 of the
(This is glven only by way of exanple; they may also

fi §tf19é %k%]% aif@tnd %Ehsgﬁgh%lhglreﬁgl §6s3] ?f?sﬁ%tlvely, are

el ng ose 10 eacC e cent

fo O%IQHI? n o%:ﬂtg ?ﬁ%ghont#sb esh%%ﬁ‘xt Ilgn‘g'he?’ 7z:iraartlnrdin4go, in which their

middle sections are brought close to each other in conformity with
the size of the driving device 25 (This is given only by way of
example; they may also be formed straight, with their middle
sections not being brought close to each other). The central
positions of the zenith tube sections 37 and 40 constitute the
mounting portions for the driving device 25. Further, the
respective centrél positions of the reverse bent tube sections 36
and 39 and of the reverse bent tube sections 38 and 41, arranged
‘parallel to each other, constitute the mounting portions for the
oscillation detecting sensors 26.

The inflow tube 33 has a bent section 43 continuous with the
first parallel subsection 27a of the first bent tube 31, and a
straight inflow tube body 44 continuocus with the bent section 43.

Similarly, the outflow tube 34 has a bent section 45 continuous
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nmounting portions for the driving device 25. Further,
the respective central positions of the reverse bent
tube sections 36 and 39 and of the reverse bent tube
sections 38 and 41, arranged parallel to each other,
constitute the nmounting portions for the oscillation
detecting sensors 26. The inflow tube 33 has a bent
section 43 continuous with the first paralle

wighbshet segondapakrallielfl sublseltiont Boa 3F tded second bent tube
straight inflow tube body 44 continuous with the bent

325€8hH08 é@raiéﬁﬁ1&ﬁffYQWt@&bQﬁ$$é§WﬂéL&Ehé%hﬁﬁﬁ%fhi%ﬁ“the bent

section 45 continuous 16 wth the second paralle
cjiton 30a .of -t 0 t a
seBEPBR o o Y A Rt cRBR) 3R pld B iow EOPelg axe formed
. section 45, The inflow tu 33 d the, outfl.ow,tub 4 .
LB | e EOR S TR AR o TS g\n&l}ra{ﬂwoﬁﬁb?héc’tixfﬁ%vﬁf fihe inflow
body 44 of the inflow tube 33 and the outfl ow tube
tubedy348ndf thire cutfiowwtibee bedyadé ofr thegentfilayw e 34 are

their tube axes match with each other. Further, in
artrhhg§edndoch ot thbtrinfbe axiesma bodywith eachhetherf | oWurther,
tube 33 and the outflow tube body 46 of the outfl ow

int tREs HnBs@ihént] Yrié Xatk1dw thile Hodyd4mBEbehe2infldw tube 33
this enmbodi nent, the start tube section 27 and the

anéfl{a#% %tutéfli%%: %ﬁﬁ%in %%ﬁéf%ﬂ@e %h@lo%ﬂ%%&@@ adh f%gﬁly fixed

ubé "sect return tu section
to; HBeoB kiR PEBB=3424re 1ixed in position in the same
P! an%n(Jr?ji.sS elmabyo%itménst,orélh% git\a/t%@ Egb\eNa syeggigr;( %‘?Lg)d' the return
tube section 29 of the first bent tube 31, the start tube section
28 and the return tube section 30 of the second bent tube 32, the
inflow tube 33, and the outflow tube 34 are fixed in position in
the same plane (This layout is only given by way of example).
In the flow tube 23, the distance between the fixed ends is
very small, so oscillation leakage does not easily occur. Further,
although not illustrated in detail, the flow tube 23 is constructed
such that the torsional stresses generated in the first bent tube
31 and the second bent tube 32 are cancelled. That is, substantially
no oscillation is generated in the fixing member 24. On the other
hand, in the flow tube 23, the distance between the zenith tube
sections 37 and 40 is small, so the deviation in the positional

relationship generated in the driving device 25 due to temperature

and oscillation is minimum. Similarly, in the oscillation
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In the flow tube 23, the distance between the fi xed

ends is very small, so oscillation | eakage does not
easily occur. Further, although not illustrated in
detail, the flow tube 23 is constructed such that the

torsional stresses generated in the first bent tube

31 and the second bent tube 32 are cancelled. That is,

substantially no oscillation is generated in the . ‘
detéxt hggrneeTissr£4£.6,00 64 Hthedesiatiandiniprshel onaly nalip ionship

23, the distance between the zenith tube sections 37

du@nfio4fempezBRBuke aAd! Becdelatioan isnmihdmuasi ti onal
rel ati onship generated in the driving device 25 due to

t e"pﬁétg&ﬁlfngaﬂﬁje Aetdriall 8R tike Fi1W H1beD #) ltHdDe ikNused one
the osCillation 17 detecting sensors 26, 26, the

ustahnd afopeart s RachiSal B Ui B iqiniees steels

material of the flowt Re 23, there is used one
haﬁEﬁéFPylaBBpFé&aPﬁuWh?i Pdchnical field, such as
stainless steel, hastelloy, or titaniumalloy. The
dri vT'heg disin g 2evimes B btaansigl twing Ader sgpsorgportion serves
serves to cause the first bent tube 31 and the second

tobeatsé Wtee FAmft Wemt tube Blbend e sedonderd tybe 32 of the
oscillation, and-is equipped with a coil and a

£150908be 2Betdl indikRY oPPYisG BglBsicS 133G aHd tie equipped with
central positions of the zZenith tube sections 37 and

o LRI e 850028 R contra
poggﬁiéﬁggﬂggghgagggﬁsaf%Egéeggggioﬁg 5yeangsgbl$§t£ﬂg flow tube
23 soasto bé held therebetween. Inother words, the driving device
25 is mounted at a position not offset with respect to the
oscillating direction of the flow tube 23.

The coil of the driving device 25 is mounted to the zenith
tube section 37 of the flow tube 23 by using a dedicated mounting
instrument (which is not the bracket mentioned below). Further,
although not shown in particular, a flexible print circuit (FPC)
or an electric wire is led out from the coil. The magnet of the
driving device 25 is mounted to the zenith tube section 40 of the
flow tube 23 by using a dedicated mounting instrument (The
arrangement of the coil and the magnet may be reversed from the
one described above).

When an attracting action is generated in the driving device

25, the magnet is inserted into the coil, with the result that the

is



The coil of the driving device 25 is nounted to the
zenith tube section 37 of the flow tube 23 by using a
dedi cated nounting instrument (which is not the
bracket nentioned below). Further, although not shown
in particular, a flexible print circuit (FPC) or an
electric wwre is led out fromthe coil. The magnet of
the driving device 25 is nounted to the zenith tube

zeREFh Qb 8t ible 37 2 bher Fhd¥16ki igos 2dedr e dmshight close
mounting I nstrunment (The arrangenment of the coil and

to;%ag ey ?\eﬁ%em¥nb§?1§€¥§%§e%ﬂéxf@ogﬁaﬁulgﬂged.fé@ié@% generated,

n an rac S generated inth

dr|V|n ice th i s inser t

th eownlt?ﬁlt eertione SRaiarto axs JeTeH g‘{qgge@r&neeach other-
sections 37 and 40 of the fIOM/tube 23 are rouggt d ibed

Sintedthe fdowatwbotdieis fixedha kbe, fikbro B RS descr
action is generated, the zenith tube sections 37 and

abdfe ar ehendeilv ingydévice 2 ot ves . theifiay thbe |23walternately
tube 23 is fixed to the fixing nenber 24 as descri bed

in3R0¥8tatPRgdai ¥eRE1EAYaEBURE dhieV Fixing hembetruld .23
alternately in a rotating direction around the fixing

Consfﬁ?ﬁ$sc1f¥ﬁ9§8hlh@&bﬁ@lﬂ?t%%h%BQSSQ@SOQ% 2&ns¥ tuting the

sensor por ion are sensors for

det ect || at f
seRSPECPPREL AR AEE PO s HOE ot fRer A ofci Elion of the flow
Coriolis force acting on the flom1tube 23 W t h each 1 to the
tubender mngetea‘sppse@ whase ddiffershcs RORYT Fhfk

oscillation detecting sensors are not restricted to
Corhelabofercemcimg amdiie dilear tapse@3ef with each sensor being

equipped with a coil and a magnet (The oscillation detecting sensors
are not restricted to the above-mentioned ones; other types of
sensor capable of detecting any one of displacement, speed, and
acceleration will do. For.example, it is also possible to employ
an acceleration sensor, an optical means, a capacitance type senscr,
or a distortion type (piezoelectric type) sensor).

The oscillation detecting sensors 26, 26, constructed as
described above, are arranged at positions where they can detect
a phase difference proportional to the Coriolis force. In this
embodiment, the oscillation detecting sensors 26, 26 are arranged
at the respective central positions of the reverse bent tube
sectioﬁs 36 and 39, and the reverse bent tube sections 38 and 41,
arranged parallel to each other.

The coils of the oscillation detecting sensors 26, 26 are
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sensor capable of detecting any one of displacenent,

speed, and acceleration will do. For exanple, it is

al so possible to enploy an acceleration sensor, an

opti cal neans, a capacitance type sensor, or a

di stortion type (piezoelectric type) sensor). The

oscillation detecting sensors 26, 26, constructed as

descri bed above, are arranged at positions where the
mocatedetecthearphessedbehér ¢nbe eardonisodd and tdle of the flow

Coriolis force. In this enbodinment, the oscillation

tuBet 8t b0 usINYOaS delii ot ey dAlgedinsirinent. Although not
respective central positions of the reverse bent tube

shggﬁ;%xg%%ﬁg a ?Tgxﬁpf‘igrﬁi‘ﬁﬁé ecjﬁk%l{iﬁ Yrecgesti Melectric

arranged parallel”to each other. The coils
of the oaci ion detecting s 26,
0

WiBB, hPHeRoOharF SDCPRERHERT Lt e g SRp Gl vg magnets

the flow, tube 23 by using a dedi cat nting .
ofj kber @Rsrid 1 afiato (At eRk NG HERPSOFS pigt 261 are gounted to the
flexible print circuit (FPC) or an electric wre.is
revetseubeht dmlzacecsidns Bér ahdr38 the wsdpgestdedicated mounting
magnets of the oscillation detecting sensors 26, 26
ingteufeumrted to the reverse bent tube sections 36 and
38 by using a dedicated nounting instrunent. Although

not ' ti , heal HS the like i
?%g%ﬁphg. At s 11 ié??#fb&ﬁaf, al bk8riSor the like is

pr ov ide the Corio owreter 21 shown in

eyt HERREES K S50kt Ror¥ ol 45, (BHQER, A rio. 1.
Cogggcggg Ezcih%; %L??&"fé‘g'ﬁ¥%e harness led out of the casing
22. Further, connected to the board are the FPCs or electric wires
from the driving.device 25 and the oscillation detecting sensors
26, 26,

The temperature sensor constituting a part of the sensor
portion serves to effect temperature compensation on the Coriolis
flowmeter 21, and is mounted to the flow tube 23 by an appropriate
means. More specifically, the temperature sensor is mounted, for
example, to the return tube section 29 of the first bent tube 31.
A flexible print circuit (FPC) or an electric wire led out of the
temperature sensor is connected to the board.

Wiring and connection are effected in the signal computation
processing portion so as to allow input of a detection signal

regarding deformation of the flow tube 23 supplied from one

oscillation detecting sensor 26, a detection signal regarding
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fromthe driving device 25 and the oscillation

detecting sensors 26, 26. The tenperature sensor

constituting a part of the sensor portion serves to

ef fect tenperature conpensation on the Coriolis

flowmeter 21, and is nmounted to the flow tube 23 by an

appropriate neans. Mre specifically, the tenperature

sensor is nounted, for exanple, to the return tube '
defethiabhoR D Hthehel dw tsibebAtsuppkiad from thedtdier oscillation

print circuit (FPC) or an electric wire | ed out of the

deltERPEAG W& SSPS W6, S ag@NnNact @dtéetibr hobgnhl Wreégegding the
and connection are effected in the signal conputation

te@#gggﬁﬁfg%ﬂoﬂglé L%%g:@lﬁé 2595@[5%?39%6% R4 e @ ﬁ%b%%k'u@% sensor.

e
regar or mati on e flow tube 2
supplied.fromope, .oscillation _de Iy n
ThigtBLoRah CPORGESFLGhr BFRGCSI0ndoPRrRAE od SoF s TG ed S0 28
tube 23 supplied fromthe other oscillati efecting ..
toqmpiteopassrtlew gatecand dengjta brsgd %Slet %%Eec‘t:hg signals
tenperature of the flow tube 23 supplied fromthe .
inpatpéramutheseesspr pomitdiomi.gnEurtbeput sheosignal computation
processing portion is constructed so as to conpute
proBessihgpé Pt Forik densitirndtatesueh that diieaissnflow rate and
signals 1nput fromthe sensor portion. Further, the
L9pg! ' [ 0555801 0A 4} ©Butputors & dekplay device
deéﬁgﬁgtcﬁat t e&%gguigpow&rﬁgte aﬁd densi tg obt ai ned
t hroygh conputation are output to a display device
(n?EoFﬂg\%‘g\n). The excitation circuit portion is

equi pped with a, snoot hin X , . .
a gﬁe excitation circulgt portion is equipped with a smoothing

portion, a comparing portion, a target setting portion, a variable
amplification portion, and a drive output portion. Wiring is
effected in the smoothing portion such that the detection signal
from one oscillation detecting sensor 26 (or the other oscillation
detecting seﬁsor 26) is extracted. Further, this smoothing portion
has the function of rectifying and smoothing the input detection
signal and outputting a DC voltage proportional to the amplitude
thereof. The comparing portion has the function of comparing the
DC voltage from the smoothing portion with a target set voltage
output from the target setting portion and controlling the gain
of the variable amplification portion to control the amplitude of
a resonant oscillation to the target set voltage.

With the above-mentioned construction, when the fluid to be

measured (not shown) is caused to flow through the flow tube 23,
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portion, a conmparing portion, a target setting
portion, a variable anplification portion, and a
drive output portion. Wring is effected in the
snoot hi ng portion such that the detection signal from
one oscillation detecting sensor 26 (or the other
oscillation detecting sensor 26) is extracted.
Further, this snoothing portion has the function of
ancedihe Wiriyiamgd dewiatehi2%g isherinent tdetaaseothestipst bent tube
and outputting a DC vol tage proportional to the
312ERd tHéeseddyed Wnt ERBCITNGF ithHe BAbL @ﬁb@a.§3 themake opposing
function of conparing the DC vol tage fromthe

os%fﬂ‘lta%% POEREORAN Ne o 2NAR0 S§ te@t?ﬂt the signal

fromthe target setting portion an contro%mg

BRI R R

set voltage, Wth the above-nenti oned construction,
by, &8k G%lﬂhs farreet FhespesitiontoEidmypsriliation detecting
to flow through the flow tube 23, 21 and the driving

sethooirse 255 EB6.drFurthe¢n, c:i;mstmimeem‘hcrd;imldmm thebden3dity is also
and the second bent tube 32 of the flow tube 23 to

calRhA :0RRPFrign HIRCidd il It idher F@gseridpw rate is
cal cul ated by the signal conputation processing

po”N%Ekt“Q%&BffEEﬁE?oﬂi 6%%1@@;@%6 osc;aﬁ d Phel HExing member

Coriolis’force at the position at’ion

widd B8 ho R R P ahes Sonrtliadia Fish dhds @ basic

oscilla @ée g_ﬁa,re uency Next, a m)dlflcatlon of the
struGhur theisapspRmpEit wertipn REc3 imedification of

with reference to Fig. 2. Fig. 2 is a basic
the flow tube and the fixing member, of which portion (a) is a front

view, portion (b) i1s a sectional view taken along the line R-A3,
and portion (c) is a sectional view taken along the line B-B.
In Fig. 2, a Coriolis flowmeter according to the present
invention is equipped with: a sensor portion (not shown) having
a casing (which is not shown, here, it is the same as that of Fig.
1l indicated by reference numeral 22), a flow tube 23' accommodated
in the casing, a fixing member 24' for fixing the flow tube 23’
in position, a sensor portion (not shown) having the driving device
25, the pair of oscillation detecting sensors 26, 26, and a
temperature sensor (not shown); a signal computation processing
portion (not shown) for performing the processing of computing mass
flow rate, etc. based on signals from this sensor portion; and an

excitation circuit portion (not shown) for exciting the driving
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structural view of the sensor unit portion of a

nodi fication of the flow tube and the fixing nenber,
of which portion (a) is a front view, portion (b) is
a sectional view taken along the line A-A,  and

portion (c) is a sectional view taken along the line
B-B. In Fig. 2, a Coriolis flowreter according to the
present invention is equipped with: a sensor portion

defvigte shbwn) Tieei ggrialdssifiipvmdtiedh differsshinrom that of the

here, it is the sane as that of Fig. 1 indicated by

abRiemRiiel gHEe ! ehbdimertt f19WHéborSt rasELSNDEAt €e £flow tube
in the casing, a fixing nmenber 24" for fixing the flow

U e L sor (i i
23,3437 chG PORLAS iy 993 7 RE opElatih SIHHY sensor unit
det.ecti.n ensors 26 6,,an t erat ure.sens
PR e 8y a8 Db ta: (o SroteoeeRiBeRe] on
(not shown) for perform ng the processing of conputing
mass THa oW @Bk @Ving ¢ desgEiPbhoB| gWald f Cemtesi sonly  on  the
sensor portion; and an excitation circuit portion

diffifetresivean) for exciting the driving 22 device 25.
The Coriolis floweter differs fromthat of the

abovaheestagtedubebodciebh 27 foenDod e Gilrgyt Beritheéube 31 of
flow tube 23" and of the fixing nenber 24" (The

. e ° | enbet _
thePeh sk egﬂe 2 qufseg.%r £YPEE pg%ieigglsilﬁoééamm the first

t hat of e above enbodi nent) oW ng

SCLJRL ] L1, menter .on on..th differenges. .
beglt%ar%w%ﬁg{g%@%ti% 079 n#%%ﬁ%ersf% r8t2h nft%es;%%lon body
f theflowtubfi 23' has the first paralle] . .
S"gﬁﬁ%éﬂnonz'ﬁ’a, with fthe first parallel subsection 27a being

arranged and formed precisely at a position where it protrudes from
the outer peripheral surface of the fixing member 24'. On the other
hand, the return tube section 30 forming the second bent tube 32
has the second parallel subsection 30a, the second bent subsection
30b, and the second return tube section body subsection 30c, with
the second parallel subsection 30a being also arranged and formed
preciselyat a pos.ition where it protrudes from the outer peripheral
surface of the fixing member 24'. The fixing member 24' is formed
in a block shape as shown in Fig. 2.

Apart from this, although no primes are particularly added
to their reference numerals, the reverse bent tube sections 36 and
39, and the reverse bent tube sections 38 and 41 have configurations
"somewhat different from those of the above embodiment. Further,

this modification differs from the above embodiment in that the
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bent subsection 27b, and the first start tube section
body subsection 27c, with the first parall el
subsection 27a being arranged and formed precisely at
a position where it protrudes from the outer

peri pheral surface of the fixing nmenber 241. On the
ot her hand, the return tube section 30 form ng the
second bent tube 32 has the second parall el

z LY s idde FECHY mr}ia\‘ié'b§GEEfQi‘?hQOEonﬁﬂéuratlon.

t he second return tube section body subsection ,

Wt hAécg:etc orne ﬁirem 0 3@1&9 QE&P%%@&S&?V& it is

arrange a pOSI I on ere

rotrudsf m t he, ou er| raI .

PJYSAHAF renbefuss the HiEstdnae, s 2iged i pides of the
|nablock shaeas shovvnln F| Agart fromthis, .
flov Hotkth 4b 4 Hesa%r@fmfﬁdclwla‘%hytb@ ein thetpeier art while

reference nunerals, the reverse bent tube sections 36
magmtai3fingbbetdeme eigddétbem thalteo £ didiel pnsoS@ranflodthe fixing
have configurations sonewhat different fromthose of

meme by e (2abpdi nBRiks, FUEt BEr posisli T8 fhlei 4&Fe oscillation

differs fromthe above enbodi msnt in that the 23

leﬁﬁdeﬁ t*ﬁ’fcﬁeﬁéiogﬁe 'ﬁ%%&ﬁ‘vﬁ aé:%tter 4 9Ur art. Further,

|gurat|on ccor e pres |nvent|on

scy. be OSSI l.e to,reduce the ce .
SRR (et S, R e8 R b ROEENGome L gémPPﬁEé “F8aESLat vely

as conmpared with that in the prior art whil

endgrgeathenintac-tuhe dighanes from fhe §F-Xﬁﬁeelb¢|5(3‘rdeaﬂ:9ward the
for the fixing menber 24 (24'). Thus, it is possible

zend th wifgathe ddom Itabieo23 1(€3Kage, Inhtbe Haewbtubea23 (23'), it
problemin the prior art. Further,

is possible to optimize the inter-tube distance on the zenith side.

Thus, it is possible to bring the driving device 25 and the
oscillation detecting sensors 26, 26 close to each other without
using a dedicated bracket. As a result, there is no uncertain
movement of the bracket forward end with deformation of the flow
tube 23 (23') due to a temperature change, and no surplus additional
mass, thus making it possible to take oscillation resistance into
consideration. On the other hand, by matching the tube axes of the
different portions of the flow tube 23 (23') with each other, it
is possible to form the first and second bent tubes 31,‘ 32
substantially in a mirror-image structure. Thus, it is possible
to stabilize the oscillation system.

It goes without saying that, apart from the above, the present

invention allows various modifications without departing from the
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according to the present invention, it is possible to
relatively enlarge the inter-tube distance fromthe
fixed end side toward the =zenith of the flow tube 23
(23'). In the flow tube 23 (23"), it is possible to
optim ze the inter-tube distance on the zenith side.
Thus, it is possible to bring the driving device 25
and the oscillation detecting sensors 26, 26 close to
gigach oty iMddidtion USi Ng a dedi cated bracket. As a
result, there is no uncertain novenent of the bracket
forward end with deformati on of the flow tube 23 (23
) due to a tenperature change, and no surpl us
additional mass, thus making it possible to take
oscillation resistance into consideration. On the
ot her hand, by matching the tube axes of the
di fferent portions of the flow tube 23 (23') with each
other, it 1is possible to formthe first and second
bent tubes 31, 32 substantially in a mrror-inmage
structure. Thus, it is possible to stabilize the
oscillation system It goes w thout saying that, apart
fromthe above, the present invention allows various
nodi fications w thout departing fromthe 24 gist of
the invention. 25 CLAIMS 1. A Coriolis flowreter
equi pped with a flow tube of a double | oop structure,
which is equipped with a flow tube through which a
fluid to be neasured is passed and with a fixing
menber for fixing
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the flow tube in position, the flow tube being

equi pped with first and second bent tubes opposed to
each other and each having a start tube section
extending away fromthe fixing nmenber and a return
tube section extending to return to the fixing nmenber,
an inflow tube continuous with the first bent tube,
and an outflow tube continuous with the second bent
tube, wherein the start tuberagmgi on of the first bent
tube has a first parallel subsection substantially

paraly e ¢Qr i 8P SAhmid i eRBibban Qitﬁﬁe fﬁ%%OFQbB%‘E a double
tube or to a confinuous secti'on”between he return
t ube ctian of .t.he f,irst hent tube. and_the start iube

ook 8t ﬁ:c&urteﬁe ngé-&gh&sbgmﬁpggg’ w&%]hi PSFEBEniuge th#dfgn which
subsection continuous wth the first parallel .

a £iBdeck? hie mapgured; is passed andpel e gt fbxinggegmber for fixing
subsection extending gradually away fromthe start

the,fd owetvbenin gfositd gnchihe Hiow tuibe bkind equigpedwith first
of the first bent subsection, and wherein the return

aridibecondtbent dfubdie oppoeed beMdadh ke hereahiofadRharing a start
second parallel subsection substantially parallel to

tublef defitiloh WemAGd YW £dln fﬂa{ L DeW g (HORLOF 4Rd a return

the continuous sectlon, "a secon ent subsecti on

eB8 SeRtTon, HrtenpdRat BT BReBR, T Bhel BRRER ACmbEE) &n inrlow
xtendi.ng gradual |y away fromthe return tube section
tube GRRMINID R UBBEY S TG aTerbabe BRE S GHELLow tube

bent subsection. 2. A Coriolis flowreter equipped wth
coptingpusubd téf thed@esiond bent tube,

wherein the start tube section of the first bent tube has a
first parallel subsection substantially parallel to the start tube
section of the second bent tube or to a continuous section between
the return tube section of the first bent tube and the start tube
section of the second bent tube, a first bent subsection continuous
with the first parallel subsection, and a first start tube section
body subsection extending gradually away from the start tube section
of the second bent tube due to presence of the first bent subsection,
and

wherein the return tube section of the second bent tube
section has a second parallel subsection substantially parallel
to the return tube section of the first bent tube or to the continuous
section, a second bent subsection continuous with the second

parallel subsection, and a second return tube section body
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| oop structure according to Caim1, wherein tube axes
of the return tube section of the first bent tube,
t he continuous section, and the start tube section of
the second bent tube match with one anot her, and
wherei n tube axes of the first start tube section body
subsection and the second return tube sectlon body
subsection match wth each other. 27
subsection extending gradually away from the return tube section

of the first bent tube due to presence of the second bent subsection.

2. A Coriolis flowmeter equipped with a flow tube of a double
loop structure according to Claim 1,

wherein tube axes of the return tube section of the first bent
tube, the continuous section, and the start tube section of the
second bent tube match with one another, and

wherein tube axes of the first start tube section body
subsection and the second return tube section body subsection match

with each other.
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