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

| east one flow tube, and nore specifically, to a

tertiary node vibration ioJis flowreter in
which the flow tube isrﬁ%?ﬁgggﬁkﬂt substantially
T-shaped configuration and is driven by bending
vibration in a tertiary node. BACKGROUND ART In a
Coriolis flowreter, a tube through which a fluid to be
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thereof, and vibration is applied to a portion of the

tube around the supporting point in a direction
vertical to the flowng direction of the tube
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difference in displacenent due to the"Coriolis

BACKGROUND ART

In a Coriolis flowmeter, a tube through which a fluid to be
measured flows is suppqrted at one end or both ends thereof, and
vibration is applied to a portion of the tube around the supporting
point in a direction vertical to the flowing direction of the tube
(hereinafter, a tube to which vibration is applied is referred to
as a flow tube). The Coriolis flowmeter is a mass flowmeter, which
utilizes the fact that the Coriolis forces applied to the flow tube
when vibration is thus applied thereto, are proportional to a mass
flow rate. The Coriolis flowmeter, which is well known, is roughly
classified into a straight tube type and a bent tube type in terms
of flow tube structure.

In a Coriolis flowmeter of the straight tube type, when



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

rin RSt RS, L 0, ) BT e o
sun YA B O il S it I 56 EoBESRAED comcor

sensitivity. In contrast, the bent tube type Coriolis =
portiemnexis, i 8 sifferencet dn 1 splagepant typethe Coriolis
Coriolis flowreter froma view point that the bent

fordedel § yyem & tied ikse iammettey saipport pelredionsn anid &#he central
shape for effectively obtaining the Coriolis forces.
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(see, for exanple, JP 2939242 B), and one equi pped
thusiqdnst sickpd Haowa Wigwler companty sngd 6qldsk stmgiture. On
exanpl e, JP 2951651 B). In a Coriolis flowreter,
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branched off is the best nethod of solving a problem

achﬁvélm%t&@lménﬁiaﬂﬂey sensor. Wen neasuring
l'uid having conpressibility or discontinuous
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the bent tube type Coriolis flowmeter allows selection of a shape
for effectively obtaining Ehe Coriolis forces. In fact, the bent
tube type Coriolis flowmeter is capable of performing mass flow
rate detection with high sensitivity. Known examples of the bent
tube type Coriolis flowmeter include one equipped with a single
flow tube (see, for example, JP 4-55250 A), one equipped with two
flow tubes arranged in parallel (see, for example, JP 2939242 B),
and one equipped with a single flow tube in a looped state (see,
for example, JP 2951651 B).

In a Coriolis flowmeter, forming the flow tube by a single

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

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



also, it is desirable to formthe flow tube by a

single flow path. Further, when the flow tube is

formed exclusively in one and the sane plane, the

production of flow tube is facilitated since the

configuration and structure involved are the sinplest,
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vibrat!on system wusing a counter bal ancer for the
samepprlpase Ghenptriogacitigny iolfr dilioentubeakagfachalibabgd sAance the
vi bration | eakage is caused by a change in density,
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error property. As stated above, a counter bal ancer
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been made in view of the above problens in the prior
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the exterior of the mass flowmeter occurs when the flow tube is
vibrated in a tertiary mode or an even-number mode, resulting in
generation of zero-point drift or span fluctuation depending upon
changes in piping conditions. Further, even in a vibration system
using a counter balancer for the pufpose of mitigating vibration
leakage, a change in vibration leakage is caused by a change in
density, resulting in a deterioration in terms of instrumental error
property.

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

temperature, and vibration are inevitable.



to provide a tertiary node vibration type Coriolis

fl owreter capable of mtigating vibration | eakage. In
order to achieve the object of the present invention,
a tertiary node vibration type Coriolis flowreter
according to Claim 1 of the present invention

i ncludes: at |east one flow tube, a drive device for

[ Vi e 0 nd a pair of vibration
DIS%@#%@?O& g@swggmﬁet ecting a phase difference in
proportion to a Coriolis force acting on the flow
t ubldte apeesenthinyentipiebasn beleat mase iniviedeeifcéhe above
drives the flow tube by bending vibration in a
profilsnis dnythequeiort bat .t hkt filantelbiedias fatRghstesdnalinwention
| oop-shaped body part, and that a pair of parall el
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parts of the body parts and to be de cted in a
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the outsjde of the both end. ,parts, with fixed end \
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|l eg parts. In order to achieve the object of the )
tertgraagemodenviébrabhond ype Cordol isoféovmpieri anceygéng to Claim
Coriolis floweter according to Claim 2 of the
1 ofptles prtesemehhventisncive hodes | aadléasthaie filow hebe, a drive
tertiary node vibration type Coriolis flowreter as
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parts are arranged at positions in close proximty to
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drive device drives the flow tube by bending vibration in a tertiary
mode, that the flow tube has a substantially loop-shaped body part,
and that a pair of parallel leg parts are formed to be continuous
with both end parts of the body parté and to be deflected in a
direction substantially orthogonal to the vibrating direction of
both end parts of the body part and to the cutside of the both end
parts, with fixed end parts supporting the flow tube being formed
at the leg parts.

In order to achieve the object of the present invention, a
tertiary mode vibration type Coriolis flowmeter according to Claim
2 of the present invention is characterized in that, in the tertiary

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



3 of the present invention, according to Caim1l or 2,
is characterized in that the follow ng conditions are
satisfied: (1) 0.03 < HW< 1, (2) 0.005 < wWWc<
0.48, and (3) 0 < ht/H < 2.75, where Wis the width
. of the body part, His the height of the body , part, .
fixegt eng RABEhl oL eTRAT EY AR ASTARICE RRPIFHetPRA D close
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body part to the wwdth Wof the body part, wWWis the
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tube is driven by bending vibration in a tertiary _,
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energy consunption. As a result, it is possible to
0.03cen¥em < fLhe (Béndi.0§5vibwd# snOarl8hoehderi@) pr €shbfH < 2.75,
the body part of the flow tube into tw sting
wherd Qr 8&i Pie atidile dGHRAbbeWpavitjed 56 tse Hed it of the body
continuous with both end parts. Further, according to
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the body part, and ht/H is the ratio of the height ht of the leg
parts to the height H of the body part.

According to the present invention having the features
described above, the flow tube is formed in a substantially T-
shaped configuration, and the flow tube is driven by bending
vibration in a tertiary mode, in which vibration is stabilized with
minimum energy consumption. As a' result, it is possible to convert
the bending vibration at both end parts of the body part of the
flow tube into twisting vibration at the leg parts provided so as
to be continuous with both end parts. Further, accerding to the
present invention, it is possible to generate twisting stresses

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



manner. Further, according to the present invention,
by forming the flow tube in a configuration
satisfying, a predetermned condition, it is possible
to mtigate vibration | eakage. In driving in a
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novenent of a secondary-node nature (i.e. tw sting
it M lpoatdidrl)e tict chacedcesbaayibn ledkagetihe aimtmneatisfactory
between the fixed ends on the upstream and downstream
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respect to bendi ng (to obtain an effect like that of
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reveals that in order to convert bending vibration
i ntln tdw bvimg i bz atevhiarythede} olihenpelengenerated, as the
portions, it is desirable to deflect the fl ow tube by

Corflidofoettj ciertdyiskiicéotbe oéna nuatémnaryrgode nature.
vibration, it is desirable to bring the parallel
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cl ose to each other as possible, wth the fixed ends

the A0 SUALAG, 8 ABERRA:IUE SURAMMSE -l Hture (1.c.
twi %gi:éé gl eb}:gtlmoksgat %owabcghaifénpen l eak%%ctl@f'{ t:ﬂ'?ri‘lgg.dl%y with
respect to the movement of a secondary-mode nature (i.e. twisting
vibration), it is necessary to reduce the distance between the fixed
ends on the upstream and downstream sides and to achieve a reduction
in rigidity with respect to bending (to obtain an effect like that
of a rotary free support end). This helps to achieve an improvement
in terms of Coriolis force detection sensitivity.

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

efficiently reduce the remaining twisting vibration, it is

desirable to bring the pérallel rotation shafts rotating in opposite



to mnimze zero point drift and span fluctuati on due
to changes in piping conditions. Further, according
to the present invention, it is possible to provide a
nore satisfactory Coriolis floweter. BRIEF

. SCRI PTI ON.OF THE DRAW Fig. 1 is a diagram )
dlr%%iﬁﬁ% a$ £ePPRaty SRR C\%%%ﬁ%ﬁ"ﬁ?ﬁblemvgbhi@e fixed ends
fl ownmeter according to an enbodi nent of the present
thepepfermtionting imiere pordi bhe (agmesphaheont view of a
casing, and portion (b) is a schematic view show ng
t hern ntiets coayt r tddmrdindeteofthd i fredeht drbledtdon, it is
di agram showi ng a sensor portion, a signal processing
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tertiary node vibration type Coriolis frl owneter. FiQ.

1;S,:8 di a t ,cal |l how cl.assi fi catio
o mirlihihe Ao Boihl: BFEns; Al oBARL deRudrd 3R ¥ FolBhanges
straight  tube type tertiary node). Fig. 4 is a , .
1n PP Y SANGAN IR | cgplrﬁ'-h@ﬁom%ﬁﬁoﬁdénas%q the fnesigntofnvention,
Coriolis floweters driven in a tertiary node (i.e.
it ig phapibletiponaridera mwepathisfaciory Godiiadianflowmeter.
systematically showing a classification 7 of Coriolis
flowmeters driven in a tertiary node (i.e. |oop-shaped
type tertiary node). Fig. 6 is a diagram show ng

BRIEF DESCRIPT IAGY et Oraweydgom Fig. 4(b). Fig. 71is
a di agram showi ng structural exanples derived from

Fig. 1 is a diagram showing a tertiary mode vibration type
Coriolis flowmeter according to an embodiment of the present
invention, in which portion (a) is a front view of a casing, and
portion (b) is a schematic view showing the inner construction
thereof.

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

Fig. 3 1s a diagram systematically showing a classification
of Coriolis flowmeters driven iﬁ a tertiary mode (i.e. straight
tube type tertiary mode).

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

Fig. 5 is a diagram systematically showing a classification



Fig. 4 (c) . Fig. 8 is a diagram show ng structura
exanpl es derived from Fig. 5(b). Fig. 9 is a diagram
showi ng structural exanples derived from Fig. 5(c).
Fig. 10 is an explanatory view for defining
eonmetrical conditions. Fi,g. 11 is an explanatory
of %?% #Je? a@e?i”‘?%t?%élrdivﬁ?etl ra temtgarywmpdea(i.e. loop-shaped
conceptual system di agram for show ng optinmum
tYP@eBﬁ%EF?€¥Im@éﬁdhtions. Fig. 13 is a conceptua
draw ng for explaining aspect ratio HW Fig. 14 is a
gr aBhg shuisng dEMynmalsieivel P stthdietufad. edBmp3ed derived from
di agram showi ng FEM anal ysis results (when ht/H =
Fig0. 5@bjo 1.25). Fig. 16 is a diagram show ng FEM
analysis results (when ht/H = 1.50 to 2.25). Fig. 17
is @ di agr showi FEM anal ysis results (when ht/H
L PG T3 o RSN S rhck iR AN Srimphgs 4t ived from
Fi aquy is results (when ht/H = 4.00 to 5.00). Fig. 19
s graph showi ng di spl acenent anpunts and angul ar
di spl acement anpunts obtai ned through FEM anal ysi s.
Fi $190 8 dsaa chianamshowiag agrebbural exdmplearderived from
node
Fig. 5(b).

Fig. 9 is a diagram showing's;ructural examples derived from
Fig. 5(c).

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

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

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

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

Fig. 14 is a graph showing FEM analysis results.

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

0.50 to 1.25).

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

1.50 to 2.25).

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

]

2.50 to 3,00).



vi bration at maxi num di spl acenent as drawn into a
single tube. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
In the foll owi ng, enbodi nents of the present invention
will be described with reference to the draw ngs.
Fig..,1 shows a tertiary node vibration type Coriolis
f 1 of\8t el8 idfcacdtrgEeR shavidmdEhenalysisheepudtsentwhen ht/H
invention. Fig. 1 shows a tertiary node vibration type
= 4CBPi bbi §.0Ddpwreter according to the present
i nvention, of which portion (a) is a front view of a

casFng. of 9 a ¢ @r biraph SREGLNG M adp PR-LXBR Qi S and angular

floweter, and portion (b) is a schematic view of

gy c t) : t rii node vi.bration
dishThcefan: (RRILELE LFathed Rrb D' ik BRET vEIZ T
show ng %@e.relationshig bft en,a sensor, portion, . a
ST i+ pfBCdSsit PR HEL affading, ShOMNEh &1 Pearéary mode
. portion in a tertiary node vibration type Coriolis
vibrabiprtat maxippmsdigphagement asrdrawp Aptie wi siagilen tube.
type Coriolis flowreter 1 according to the present
invention includes: a casing 2; a single flow tube 3
acconmodated in the casing 2; a sensor portion 7

BESTaMODE) PORI' CARRYENG COUH . THE PRTVERT1@kbr ati on detecting
sensors 9 5, 5 and a tenperature sensor 6; a signal

COM Rl ?Bl@[’)&?ﬁﬁg? BoRPhEhe8 Se fle ?)gsrefs%relﬁ: E.%Braeglé:&on will

comput ati on processing on mass flowrta
n i gnal. fromthe sensor portion 7; and an
be cg%&cl%il;q%gn‘“g?r E(J}i‘?r‘?}bcﬁito?] ¢ ATERFS ng the drive
devi.ce 4. In the follow ng, these conponents will be
dedcd -bbFhomfea tasitdgry mede yidbmatdow eypeSonipdiis lowmeter
bendi ng and torsion.
according to an embodiment of the present invention,

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

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

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

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




Further, the casing 2 is forned in a size |arge enough

to accommpdate the flow tube 3 and a stationary

menber 10 arranged parallel to a plane formed by the

flow tube 3. Further, the casing 2 is so forned as to

be capable of protecting the main portion of the )
5 ¥ 133het demparat uke SRS \R it @éignatheompsitagizn processing

filled with an inert gas, such as argon gas. Due to

portiwn 6 Ebrmuenfotmihg domputafabson prewdansaig on wasshElow rate,
flow tube 3, etc. is prevented. The exterior

etc Sbaseldibs #fsildita CErongtRe tferdd s GnBRtahG JPeXRd tation
in accordance wth the shape of the flow fu%e 3

; [ o PP ' ne st ati :
e B LRy hr o Ty R S aeBige R SREHY following,
arallel is for as fla lLate, a part of which is
the% EFRG R "&‘gﬁfn}@e Zae%ﬁ%]?ga't o the stationary
menber 10 by agpropri ate nmeans are support portions .
11 They cagpperd hag asdriickine resishant tobendindanthgorsion.
the outlet port side of the flow tube 3. The fl ow tube
Furthdmsthe sudssiran @i b Ifprivedpis laapirle (liarere entbghad agtbypmodate
elliptical) body part 12 and a pair of parallel |eg

the [l titbe 13t O0Ntd neioisi swd Py themsas pPorisrddged3patallel to
the body part 12, and is forned in a T-shaped

a pl&RATH IR hgrt#és‘ ﬁfbﬁg:%ee?’i.(tﬁ%tﬂ'grr Q:ﬁseovggggfliggnis so formed

adopting t aped configuratron Wi
e ....ghe leg parts, 14 4 are.formed.to b
as t$ohB kaBabls PR PRECER Py, FEe"DS1n105EF108 BF thecfhowmeter
in adirection substantially orthogonal to the )
such g the fg Qi FakE dn ofhe rasig galbsfibled 3viddy agp inert gas,
to be deflected to the outer side of the end parts
such] :#s 13rgRef egahice Dwgnetal the i fitltines wilth t thei dalert gas,
neck portions of 1/4 arcs
condensation on the flow tube 3, etc. is prevented. The exterior
structure of the casing 2 of this embodiment is formed in accordance
with the shape of the flow tube 3 (herein, described as an example).
The stationary member 10 to which the flow tube 3 is arranged
parallel is formed as a flat plate, a part of which is fixed to
the casing 2. Mounted to the stationary member 10 by appropriate
means are support portions 11 for supporting and fixing the inlet
port side and the outlet port side of the flow tube 3.
The flow tube 3 has a substantially loop~shaped (i.e.
substantially elliptical) body part 12 and a pair of parallel leg
parts 14, 14 continuous with the end parts 13, 13 of the body part

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

1o



conti nuous with the end parts 13, 13. The leg parts
14, 14 have fixed end parts 16, 16 for supporting the
flow tube 3 itself. The fixed end parts 16, 16 are
arranged at positions in close proximty to each

rea@3Nebrddp i ; 30e:

R e e o S B by potow)
fil oygh 4 0 t, 12 before flow n ut, of

The et BabREPHPL 4 {82 HREN cd B BBl Spuoting kB fhdispd parts

| S one suallé adopted in this technical field,

13, d%Foagsstqi frkerdsing diggstdignogubstantiaddiyumrthogonal to
all oy. The drive device 4 form ng the sensor portion 7

the geibzating dipeckion hef fthey endep8rta 23t elBi ang sodes to be
and is equipped with a coil (of which a reference

def lugteyrdhl to stiodn ddeel) abdle aofraghet efi@f paviscn3a 13. Reference
reference nuneral is omtted). The drive device 4 is
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curved portion of the flow tube

. ' evj.ce ' rovi.ded , .at e center of e
con lglglyoq%a\r(‘fi%\@&? aei'c{ g’a%é:ssi datldd wi&‘F‘ﬁi | pPﬁgﬁe&gf 44 have
. central antinode of three antinodes generated by  the
fixeq epAaPHT hdkowi th fOToRUPPRTFABICENE §1oy Heulg (dtself. The
. device-4 is nounted to the stationary nmenber 10.
fixediendaparis tioudh ae agpegideiccak|yoshoiwns am ERCsei proximity
flexible printed circuit) or an electric wire is |ed

to each fothart hiithienidne Hirl rgneianed plwndgsi ve device 4
is mounted to the flow tube 3 by using a dedicated

NoENhéASuk 8Rbnt WER] @1 1R AF inQ Bkl 28gi SafeNef 3itedhe flow
in the drive device
tube 3 flows through the body part 12 before flowing out of the
other leg part 14. The material of the flow tube 3 is one usually
adopted in this technical field, such as stainless steel, hastelloy,
or titanium alloy.

The drive device 4 forming the sensor'portion 7 serves to
vibrate the flow tube 3 in a tertiary mode, and is equipped with
a coil {of which a reference numeral is omitted) and.a magnet (of
which a reference numeral is omitted). The drive device 4 is
provided in the first axis S1 and at the center of the curved portion
of the flow tube 3. In other words, the drive device 4 is provided
at the center of the body part 12 so as to be situated within a

range of a central antinode of three antinodes generated by the

tertiary mode vibration.
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4, the magnet is inserted into the coil, with the
result that the flow tube 3 is brought into close
proximty to the stationary menber 10. In contrast,
mhen a repelling action is generated the flow tube 3

o 1 DR oA O i SR bk oL iR e e it donary

tube 3 alternately.  in a dlrectlon pendi cul ar to

membgl 1) .oy Eugthery aitheyghnet a%rneaiﬁe:adow showonsansFPC (i.e.
5, 5 formng the sensor portion 7 are sensors which

£ 1 extbo ke tondirtret icdr cofi thexf Apve edter Bc winds iat 1leostntrom thls
tinme, detect a phase difference that is proportiona

coilp Quid Akighetobeeth@elrivg devibe 4| yvidowke ed tW tHe flow tube
each of the wvibration detecting sensors 5, 5 being

3 bf%ﬁ?&da%é&éafga'm&?ﬁ? % £8o2. reference nuneral is

omtted) and nmagnet ref erence numnera

nrtted) rt fro this, |t | s pessible to
addBer B AR ng, ARl s denisteiedh LT B fiive’ device,

neans a capacrtance typ , or a dlstortlon type (i.

4, thePegnedt Ascinsgptpd Watehtheteeil, onithfthe result that the
di spl acenent, velocity, and acceleration.) The

flowitbbet3 ds bleoeght dmtsegdose prodiniiondor tlhe ext adsi orlery member
descri bed above, are arranged al ong the | ongitudi na

10. axnscoRtehstt hehkady papellingThetiobr aki gendeheel,Othe flow
sensors 5, 5 are arranged at posrtrons within the

tubd @9_%5 spfa dif AU antl ‘r?ggzzn ere 2 to%afﬂplrr#e S04 . S' idr'ﬁ% drive

of the central ase d erence

SRR EIC AT Sy S—
in J“’£§8£¥¥%ﬁ“§e§£§hé¥§§3ar to the plane of Fig. 1.

The vibration detecting sensors 5, 5 forming the sensor
portion 7 are sensors which detect vibration of the flow tube 3
and, at the same time, detect a phase difference that is proportional
to Coriolis ferces acting on the flow tube 3, with each of the
vibration detecting sensors 5, 5 being equipped with a coil (of
which a reference numeral is omitted) and a magnet (of which a
reference numeral is omitted).- (Apart from this, it is also
possible to adopt, for example, an acceleration sensor, optical
means, a capacitance type , or a distortion type (i.e. piezoelectric
type), which detects one of displacement, velocity, and

acceleration.)

The vibration detection sensors 5, 5, constructed as

12



generated when the flow tube 3 is vibrated by
vibration in a tertiary node. The respective coils of
the vibration detecting sensors 5, 5 are nmounted to
the stationary nmenber 10. Further, although not

specifically shown, an FP j.e. flexible printed .

descHRFR] APyt re ATI9Ed, 41014 The bonc)Pasfeatnaxis 52 of
coil 18. The respective magnets of the vibration

the hed¥danigliensthe vibmatica detincbionmaneors dw 5 anseapranged
by using a dedicated nounting tool. In this

at pestiddiomsntititia ddid scagfgashe firthe atevinedds andjasbent to and
vi bration detection sensors 5, 5 have an appropriate

on b¥ehgBidandof resilideh tol £ Ehitd i dee wheMdl Ghph@sBOlifference in
shown, or FPC (i.e. flexible print circurt) wring

propt(:%fti\é!?xi Gy & %5ffglfgsfsgbiesggﬁt b%h%ep%%?? The vibration

erefore are nounted at predetermn fons on

t he stationar menber 10 as descri bed gbove. As
deteptigp; SANREHTII UChCRE B SERERIPRoR BOS 135S (REE the nodes

vibration is mtigated as much as possible. In the )
geneppsedivhen e fbow tubg 3 if wibpateddievibradiensin ghkertiary
nmounting of the coils and the magnets (that is, to
modenount the coils to the flow tube 3 and to nount the
magnets to the stationary nenber 13 10) . Al though

nothepeekpeedlivy 68918, of EWOSFIBELL ObntdetbéKkenySsensors 5,
provided I nside the tertiary node vibration type

s arCihohtan LOMIE Sacchens) Abadkorohe PLEEREE, sithoush not
specybiEa L P B b L F F) Rl br REALL LYt or an
electric wire is led out from each coil 18. The respective magnets
of the vibration detecting sensors 5, 5 are mounted to the flow
tube 3 by using a dedicated mounting tcol.

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

In the present invention, it is also possible to reverse the

mounting of the coils and the magnets (that is, to mount the coils

to the flow tube 3 and to mount the magnets to the stationary member

13



The tenperature sensor 6, which constitutes a part of
the sensor portion 7, serves to effect tenperature
conpensation on the tertiary node vibration type
Coriolis floweter 1, and is mounted to the flow tube
10)3 by an appropriate neans. To be nore specific, the
tenperature sensor 6 is nounted, for exanple, in the

Vi C4 Ny f portion o he .infl ow port side and ) )
sup%g#%é%gﬁym%%ds §gge€1catrhof¥ FRMp & supstepse of, the like is
that is, in the vicinity of the end portion 16, 16.

pr O‘Thge‘#ﬁésﬁdeethﬁl 84t ar prpdect kration typshteniebis fitowmeter
shown, or the electric wire led out fromthe

1 acempding ke theguresént simwemtecded tRurdthfer, connected to the
above-nenti oned substrate, which is not shown. Wring

substith€orineat wore iamidacied aatt g t‘i{&%ilte‘i‘ig&g&ftﬂr%‘ tertiary

processing portion 8 so as to allow i nput o
' [ . iLbration detecting
mOdgg‘%g%%égﬂr’%gg |ﬂ%9€é%%$%a??§ﬁ8?egt é flow tube 3, a
det.gection seiexggal DE fromtae of her vibration
det™dtT i HPRHRHTS FRECTIi by WRichnEPR8RibRtERCaf PARE Of the
tube 3, and_ a detection signal DT fromthe
Sengunperitere /se¥Rbre s toegifackgtenperatuperconpensitior on the
flow tube 3. The signal conputation processing
tertgany owde vibratipnutypd Gorbolhat f1dwemeveput atamh ief mounted
a mass flow 14 rate Qnand a density p are effected
to thascdoantiibe Sebpcin Apprdindd Ste Mbad¥, adbRTmbRRUspecific,
fromthe sensor portion 7. Further, the signal
the ¢RHPELALLGE BEARBESENY |00y 8 L5fauct Nyicinity:
that ? SRR A SRR T3y Bl vcanicy

the mass flowrate ens p arne
t C atiQne..are _output .to_a,display, devjce )
of o PotiIoL UPLRY HERE Rt 1 rpdt | ifpGtedd b¥ ana fixed
Isim)ot hi ng portjon . .
to the support portion 11, 11, that is, in the vicinity of the end

H

portion 16, 16. The FPC (i.e. flexible printed circuit), which is
not shown, or the electric wire led out from the temperature sensor
6 is connected to the above~-mentioned substrate, which is not shown.

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

portion 8 is constructed such that the computation of a mass flow
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20, E a conparing portion 21, a target setting portion
22, a variable anplification portion 23, and a drive
out put portion 24. Further, in vibrating the flow

tube 3 in the tertiary node, the excitation circuit 9

i.tive feedback. | 0o ILn the_smoothi.n ) )
rate ShiRn8 L35 (Y g P R B Len e e tht ham signals
B g}gqecti Qn si %nal DA fromone vibration detecting _
A, DBysipd T dpPukel vemdhe seR80F RPrtdanedt i niusthedr @)e signal
Further, the snoothing portion 20 has a function of
compaffadek o i nogtstd Slinga poo it iand8 simp ebhistigruot edhguchpthhiat the mass
detection signal DA and outputs a DC voltage VA that

flow st tadathe t @e et @npl b tidenéiet BpbugH h€omputation are
conmparing portion 21 has a function of cohparing the

out Rt Ut t2a8 M 4§ o $ige STFPOL hing portion 20 with a

target set voltage Vmoutput fromthe target setting

portion, 22. _and controlin he gai,n of the variable ,
e Prbf raf iim R poch 150 ¢ R udles 3 koo thifg portion
ranplitude of a resonance vibration to the target set
20, gorempRring gt elond danget sehbénerertiomatea variable
snoot hing portion 20 to the drive output portion 24
ampliifided isanpoat iona 3} rarihe drbveenttipnalpordaien B4whi Barther,
vibration is controlled by a positive 15 feedback

in viibeptidgwener £1ow tiise t®riln ahye FBEEi¥-)rAbHEN tN@Cexcitation
Coriolis flowreter 1 of the present invention, to

circoltag lrfcﬁ‘rﬁsehtfaé‘é.‘(ti\t?ﬁ%e [ e 5.88Pét h Q_E1 ngBEtBtﬂﬁg portion

si gnal wavef or m of e positive edbac oop IS

{ t it h .__That .i ' t he, .
20, BANRG 9% FALARDLY LS RS e dlteqision pional DA
drive o 4 is inversely connected to

tput, portion
fromcé’ﬁ\?er‘fﬂfﬁ%tb‘?gsQQSFCF%B‘JOW&@PI 5 {or the other vibration

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

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

conventional case in which vibration is controlled by a positive
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waveformto an opposite phase. Alternatively, in a
portion B of Fig. 2, the signal |ine of the detection
signal DA input to the excitation circuit portion 9
is inversely connected to convert the phase of the

feeé%ggﬁl waveformto an oggpsite ghaszéGAlternatively,

pdPCPon dloFereE: vihe nfertdasyt madsm vheration type
variable anplification portion 23 is inversely
Cor iohhe dlevmat epdvef tthehprphans invenhionnyld bbtathom tertiary
waveformto an opposite phase. Alternatively, in a
mod@oribrat ¥owf #he.pllasd ef Mms & iafnd hevaord fidin SN ttHUbositive
from the drive output portion 24 is converted to an
feedPORi 1 ' i | natdyel Vig i
in the cg’oﬂr){lﬁ?"g%&f% g.Qog,ant ﬁgﬁagﬁggeﬁg%géhe Tﬁ/ﬂ is, in the
e i i gnal Lhput to.the, excitation circujt,
portfOFH I EIA % 2, GRPPUE R b W B4 e drtye output
an inverter. Alternatively, in the portion C of Fig.
portion g4 1 davedisalieconnpateddenconyert, the phasmefde output
anplification portion 23 is converted to an opposite
wavefitage sy amsioppeai ienphass. Alderanativelgpedir acporttien B of
drive device 4 and the vibration detecting sensors 5,
Figs5 Breharsingell hiné hef afips ed@peéoDel B0§hhAODPA, iABAL to the
further, the displacenent polarity of the drive

excﬂ%@ﬁﬂﬁh‘6i%%@i%h§99E§8hQ§qg?ﬁhvel@eﬁglé&ﬁﬁ¥c9édﬁﬁﬁaconvert the
5 ar soO as

vi bration detecting sensors b5, a adj uste

0 I j i.th each ather. Furth in_ ..
phas ot AL SARRL LEVBIRR bbb SHRhA ek Pharton LFetRptively,
. ortion 9, conversion is effected on each of the )
in i?ﬁ’lrgr&é’r‘?en REl 97 eds WIdHDS LRdoYsi fEOMp IR variable

wi th each other, so as to be converted in phase with
ampL&§y¢aQ%mme;tionZBisinverselyconnectedtocmnvertthephase

of the amplification waveform to an opposite phase. Alternatively,
in a portion A of Fig. 2, the phase of the output sent out from
the drive output portion 24 is converted to an opposite phase by
using an inverter. Alternatively, in the portion B of Fig. 2, the
phase of the detection signal DA input to the excitation circuit
portion 9 is converted to an opposite phase by using an inverter.
Alternatively, in the portion C of Fig. 2, the phase of the output
sent out from the variable amplification portion 23 is converted
to an opposite phase by using an inverter. (To be more specific,
the drive device 4 and the vibration detecting sensors 5, 5 are
arranged at the aforementioned positions, and, further, the

displacement polarity of the drive device 4 and the displacement
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When, in the above-nentioned construction, neasurenent
fluid is caused to flow through the flow tube 3, and
the drive device 4 is driven to vibrate the flow tube
3inthe tertiary node, the mnmass flowrate Qmis
cal culated by the signal conputation processing

pPolampity onf Shmsedratione dekeet ihg fsarams ihH therd adjusted so
tube vibration generated by Coriolis forces at points

as todve éapsppbapté phialse withealdhost Het eCtFPunttIsenNSehst e positive
5. Further, in the tertiary node vibration type

feedBud0 o |d¥\”@ieerex@iﬂiﬂi%r?@1‘%$ﬂ%mpoﬂtﬁ%nd®qsicB}(lverion is
e abo

is also calculated. As describ ve with réference

| 4S- [ ertiar vi br.ati on type
£ 1o qd PReedorf i the il e Bl FEERoH TN 23t BBposite
flow tube %bisformedinasubstantially T- shaped _
Phasgg, Wit 2aGh Pt hekr | 30 £5 vER B SeRWeREEdi bRaPRaAei Wikh each
tertiary node in which the vibration is stabilized
otheg.4lh mi ni mum energy consunption, whereby it is
possible to convert the bending vibration at the end

pamhen}3in Lheohbbke-hedy ipaet dénofribeidh pdasrehent £luid
into a twisting vibration at the leg parts 14, 14

is CRAIHdUIS 1MW R RugiechPaFiSw lé’ubé3:1,7-ré{%&t£198 rive device

stresses in opposite directions are generated I n

t he. alle a 1 t her eby, substapti al l
4 1o SRR ST bR Ehd Haw tophcS TR bRE EefPLafy Hoce, tne

nfﬂe vil%lraiqn txge Coriqlis flomreter 1 of the .
massHt L AE GBS 6A;Chiated R she £lanal computailprarefessing

I'eakagge as conpared with the prior art technique. As
portign Bebawed gn die hhagesdifperenceelmbhebflpwstubervilgration

the fixed end parts 16, 16 of the leg parts 14, 14 in
genechded phpxiCortip tis efichces at points corresponding to the
vibration detecting sensors 5, 5. Further, in the tertiary mode
vibration type Coriolis flowmeter of this embodiment, the density
p is also calculated.

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

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

end parts 13, 13. Twisting stresses in opposite directions are
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other within one and the sane plane, it is possible to

cancel vibration | eakage in a nore satisfactory

manner. Further, in the tertiary node vibration type

Coriolis floweter 1 of the present invention, the
ath and

flow tube, 3 constitutes a single flow ‘ i
generatichid8 FBe ottt bl hatommar ted 4 had, « hoesebysswbstantially
change in vibration | eakage if there is a change in
cancgdidic yibrahikPagleakamesi Mhas,oinotisé dredtyi amy modienvabration
bal anced state. Since there is no need to perform
typeb@bahoi ng, fldmnstepns]sulf! ehécpgé@eg@%v@ﬁq{&QpQﬂ @8 possible
cost and to attain stabilization in quality for a |ong
to réidO¢iBlatiBR. 1 fANdfehs i ! ' i .
single flow path, t ergﬁﬂgﬁjr‘lagretnd;‘gldﬁtlgmﬁ%g?%g a'gﬁ:kﬁ%%nlque
e e race,.bar, is _needed, there.s .
o cHLI8 o080, £ g Ao BEATBL R P EoDESET FoaiiSRiy BRe rixe
0SSi b|§ t,0 c%t down the production cost. Since the
c

end RRFES <l &clihgiothe need Pradsehds phf tin sdospsprexinity to each

twisting direction and uniformover the entire
othepewighdiny atie hand ethecsame pHans,r cuinf ksepbisalible to cancel
direction of the tube, it is possible to effect

vibrabhoncieakatie tiheat mbiredsat ilsifacreaiomanndwans of a
nmechani cal seal. Further, since it is possible to

efbgptnthe {8 eBBNeciiPaby TRADRS Qﬁbﬁ'aiii%laetype Coriolis

mechani cal seal, it is possible to realize _

FlowRbEMpt pr g i ngl ge.é .ube n ? excl.usiyel .

° attacheﬁar%ed tr%%ﬁé Lt t’gyﬁéﬁg’b 2 s gﬁwp W& S itutes

ira%loeﬁim k hgad ﬁgonnect rs for the fixed end parts 16,
a sing'e Ll O PRESsPRE L RGHUIRT M CPBeTuBB L PRCRAY cRot HRat there
) portion in contact with the liquid totally allows )
is ng¢ gheademint Vibhatipholeakage d hegls dsf povkhenge in density,
making it possible to constantly maintain a balanced state. Since
there is no need to perform balancing, it is possible to cut down
a production cost and to attain stabilization in quality for a long
period of time. Further, since the flow tube 3 is a single flow
path, there is no need to provide a known brace bar. Since no brace
bar is needed, there is no need to perform brazing, with the result
that it is possible to cut down ‘the production cost.

Since the stress acting on the fixed end parts 16, 16 is in

a twisting direction and uniform over the entire periphery with
respect to the circumferential direction of the tube, it is possible

to effect connection to the tubing or the anchor by means of a

mechanical seal. Further, since it is possible to effect the
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sui table for nedical uses and food-related industry.
Next, optinmum geonetrical conditions for the flow tube
will be discussed with reference to Figs. 3 through
20. Figs. 3(a) through 9(d) systematically show
classifications of Coriolis flowreters driven in a
connefttijqgy YoyrueRan AL £xanpleele nueghanhcaheséaby pat hsi possible
formed exclusively by bending vibration, Fig. 3(a)
to rehdizen asttaugiturieuie wWwhieh ehic #1ywredse Ehfl b8(a@kclusively
shows a U-shaped tertiary node (wth the fixed ends

attddhdd anPR R, FAREnELY. pH( agiﬁgoisgﬁg.-'tﬂeeuaﬂae%e bulk

tertiary node (with the fixed
[ i r [ S I.n. the strai
headoggﬂﬁe'i:%o‘} %%S: ?Hé fgxgg e&?gpangﬁé) 6,t He6 %bﬁé"t PR sn.ble to
irection of d parts is perpendicular to
form, ﬁ'e%-CLBHa?'%Q%Sf5L Uﬁ’lgﬂ FPI@ PgrbioBhéRscantaghnpiEhi ghe liquid
whi ch t ube pat hs are added so as to be perpendicul ar
totaild vt lad loms aepdgatimeadt,i drhis prdvisdingea Jdeiabibiedflowmeter

t ube paths undergo twi sting vibration by bending

suitubbeatfioan mefdildsd eneard. fAsd-uadlstedoveuestryhe
bending vibration is often also propagated as 1t is

tONEHQ t&ﬁ@iﬁﬁﬁr@e&ggﬁglﬁ;becﬂﬁ@{ﬂéﬂg A e %689:!‘ thlbe will

the end parts in aped tertlary rm
S 8 A ane) Fi i's
be dags‘ﬁfé'n |cu %1‘ te% eanr?éogtil‘ :P hr’gﬂbg ) shows
an_exanp h tu aths are
peF behdi iﬁ%ml}rqwﬁ} ﬁédSI agalﬁﬁwstleﬁ.léaft#Bﬁwlwéqﬁisflcatlons
case and inwardly, and Fig. 4 (c) shows an exanple in
of Coniehisbltowreterardr bk dinw wardiipry mogdel. eRangkamples in

the tube paths added undergo tw sting vibration by
whichhthbefillowgpakhr dki dormed exclusively by bending vibration,

Fig. 3(a) shows a straight tube type tertiary mode, Fig. 4(a) shows
a U-shaped tertiary mode (with the fixed ends in the same plane),
and Fig. 5(a) shows a loop-shaped tertiary mode (with the fixed
ends extending in opposite directions in the same axis).

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

The vibrating direction of the end parts in the U-shaped
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of the end parts. Figs. 6(a) through 6(d) show
structural exanples derived fromFig. 4(b). Figs.
7(a) through 7(f) show structural exanples derived
fromFig. 4(c). The vibrating direction of the end

ter@ﬁéf§ riddd hevd @oRhEhEpgdq éﬁaglﬁ&w@%%m(a%mnbbeof Fig. 4(a)
fixed ends extending in opposite directions

o APRGRIGLIL AP T SRR v

afhs are add per | arl tin
24 ?Bhel Batss AL AdR BeANendl G tarby g, Wecyibrating
., shows an exanple in which tube pat hs are added
diregipkenrilipy thasathse@nhlisyardiy t and Hid hd (gddebows an example
undergo tw sting vibration by the bending vibration
in whfichhtubadophins ard-adeed S@epatdlpughiiB@k) shamples, the tube
structural exanples derived fromFig. 5(b). Figs.

pati¥ aAdddd %g@eg ) ta?b?’é’lﬁ&”éﬁbk‘&@hoﬁxﬁypltﬁé B@hﬂ!ﬁ% vibration

fromFig. he Structural exan'p es shown’in
of tﬁb%&é } %gé;u%%rl%gl eP%rce ectl gSh‘S‘g%}stllﬁ‘{ \q:%efle§amples

cor bl B D o D B0e2185 01 S, e

to each ot her 20 in the sane plane, and the nunber of
examplipss devatvedef¥omeFig. béhe) -is smal |, naking it
possi ble to make the tube frequency relatively high.
| n Tiaer vilbuladrinasliaeCdiion b thevemd eyartrs in the loop-shaped
vibration |eakage is mtigated with a single flow
tertits RbHUCWI €h ahé EDxBhAiGids esitbhding™Pd@pidsied 8irections

effected in order to secure the requisite

in the same axis) of Fig. 5(a) is perpendicular to the plane of
Fig. 5. Fig. 5{b) shows an example in which tube paths are added
perpendicularly to the vibrating direction in this case and
outwardly, and Fig. 5(c) shows an example in which tube paths are
added inwardly. 1In all examples, the tube paths added undergo
twisting vibration by the bending vibration of the end parts. Figs.
8 (a) through 8 (k) show structural examples derived from Fig. 5(b).
Figs. 9(a) through 9(d) show structural examples derived from Fig.
5(c}.

Of the structural examples shown in Figs. 3 through 9, the
one shown Fig. 8 (b) provides a satisfactory Coriolis force detection

sensitivity. In this structural example, the fixed ends on the

upstream and downstream sides are in close proximity to each other
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instrunmental error performance (i.e. a tertiary node
vibration type Corialis flowreter), the T-shaped
configuration shown in Fig. 8(b) is selected as the
nost superior structural exanple in mhich the bendi ng

tres conver 10} st r es t
in t@a C.Sﬁ?ft PSR e g Hh@ Sk i (goe is pent
duce VI bratjon | ea To defl ne the eorretrl cal )
is S@éﬁ&vt%hgnah%F aﬁss Ef touBakat tlae tihe fogauenFsnrelatively
with reference to Fig. 10. The specific geonetri cal
highoondi tions for this flow tube configuration are as
follows. In a flow tube extending perpendicularly from

t ha@nplpane: i Ay NG tderidies Phovmeddrt g WHLbAt vibration
port, assumng that the wdth of the flow tube (i.e

1eak’éﬁg§ i gﬂtzﬂﬁaﬁg ll?w\?vt é’%lg P%Qﬁ’lﬁ:tﬁl%)ehgﬁgﬁ%tﬁgg %H&tin which

| Qw t ub art) . t he aspe ratio H W
tertiaddl Moo de o6 T35 RthiOnOEBoRe FB; REREAS Fhﬁ FRguisite
t ube bendi ng radlus V|brat|on frequency, etc.), c HW
1nstgu@ee')§l§aé. ?BrPHQ%QRRmW%f( ae. I%ltt@Féﬂaere‘F‘%ﬂ@éflébratlon type
configuration since angul ar displacenent can then be
Corieddis §lowpetead,t the T sivged tobd igarad idesshpwadin Fig. 8(b)
bel ow and, further, since it is necessary to increase

is skhechteeguentiet nos2lstpkeibr sasueturalobkample phashich the
difference) The lower Iimt of the ratio of the width

bend¥ndt sttli'%ss' )i%dcﬁﬁ%rtgﬁ EH%oaQQQQtEh%WsEHQ§§ Gh %het 9§c1n1ty
pai'r ed Ieg parts) to the flow tube wdth Wis 1/

ot 45 SR G DR 5 OEATE SR oo
To d?ﬁ:én%rﬁli)e]; Q%Sfﬁ?ﬁg congz?.tllgn\s” t?l'\{veg;o ,h eanr Iﬁlldl tt)éa%lon will
be given with reference to Fig. 10. The specific geometrical
conditions for this flow tube configuration are as follows.

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

and, further, since it is necessary to increase the frequency to
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frequency, etc. Further, when the upper limt as
obt ai ned through FEM analysis is 0.48 or less, the
conversion of bending di splacenent of the flow tube
i nt o angul ar displacenent is effected efficiently,

t he resu roven the,reductiop in
mak?hckﬂ%ﬂﬁﬁﬁﬁné?n obh lnv?cPﬁ%?? a%f?ﬁEeFFﬁ d ends. Thus,
the condition for wWwas deternmned as follows:
1/ Zpe lewgrodspit of \Whe gatdo pf Hee etidiil Wgathde fixed ends
| ength ht of the added tube paths under the above
of Wondiddexh, f1dre fubéswihgevwetbesphbréddley/ PartH) 18p the flow
HW =0.21, WD = 48.68, and t/D = 0.046, and the

tubeRiidaHw alsue /bler gaf o, ms) dgiﬁwm@l Wit eh doe not become
analysis. Thus, it was found out that when the ratio

smatg§%;$'fgf%ﬁﬁhﬁpﬁgtdpgggf?khﬁ qsﬂfqhel??Fﬂ%%&ﬁhQﬁ%uﬁggr limit
o WIB A Wins 2 BB BoHAH G the i tdily ¢ EAF IR AR G ow tube,

and it is possible to obtain stable characterlstlcs
frequendier etict- wEYrtberd Waentthe unpes himitias pbrsingd through
nore, the bending rigidity of the added tube paths,
FEM éhalys$s id be 4Begr pasiss, the coedhersd onsof tleaidiintg displacement
becones rather difficult to obtain the requisite

of therflicy Yubedenvé kit B%puaeefnbﬁw ivegfected¥rteiently,
ot her hand, the lower Iimt of ht/H nay be as folloms

and Q:fheh r@s/ulgDH%r %ﬁ:o%e?lcgy'_ﬂtge régué'EQOhh‘fnnHE‘s fi\leﬂ% in the

he 'sane as e mninmumva

el % RO Vel s, 'R oS08 Ter W v
detormines ag follows: 17368 (2 §%068) ' w8, fe ™

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

the leg parts, is reduced, so that it becomes rather difficult to

obtain the requisite tertiary mode vibration for the flow tube.
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The above conditions will be discussed in nore detail.
Regardi ng the bending radius R of the flow tube, from
the viewpoint of resistance to pressure, the High

Pressure Gas Storage Soci ety provi des the formula: R

ents a tube s a standard.
on fhé QT BARAC e HRr L IRAE OF Bk ¥1B2y: BRpgeniollows: O
";J practl cal use, _substanti al I¥ no problemin terns_ of
<h Hexe,cRange: 8/Psi 801 andather ménimun swdveepti bt is 3D,

[ nvoI ved when Ris approximately 3D. In view of this,
whiathd s thersameids dfhe ménbenoi mglue aolf tshRbehditey Haddius, ht/H
tube is defined as 3D or nore. Here, regarding the

is B inmd.or Thhe, mHehcY¥hahitiba i‘bQV\hEVF}eﬂ.SSbBCQoﬂ.méws 0 <
di stance w betvveen the fixed ends is not | ess than

e/ 2008 ATl oB ORI s £, < e

< 2|07r5eferably in arange of WD < 200, in view of the
Tigidity of the entire flow tube, frequency, etc.
Thus, 13 < WD < 200. Re%-rdl ng the condition for the
heildiet 350 ven&onddvi iamse wiille be tHequaapd b1 meke pdefall.

part) H a lower limt thereof is as follows: 6< H D,

vvh@legalrdiaq et ideaddingmetastius-omf Hehei Blgoi ttb®f from the
the 23 rigidity of the flow tube as a whol e,

v1ehfp’ofi(iitGBQYIe§i§tanéé‘ﬁ:dlpﬁébsu|rlem thefaid dre fnafetakl torage
In arange: HD < 50. Thus, 6.< HD < 50.

Socﬁ%@a%gb{?ﬂdégetﬂ\é%g}{n WA\ Rhe4 \Aﬁq:éﬁibéﬁsé}?ﬁgsa (:hbg ;diameter)

arts at t xed ends, consi dered w

as a ﬁkgagfggo%.t gl‘égg eg\éq{%ﬁe%ﬁfe %ﬁ\&éethasé,ncf%c}mh%he v1ehwpoint
of practical use, substantially no problem in terms of pressure
characteristic for a Coriolis flowmeter is involved when R is
approximately 3D. In view of this, the lower limit of the bending
radius R of the flow tube is defined as 3D or more. Here, regarding
the condition for the width W of the flow tube, since the distance
w between the fixed ends is not less than the tube diameter D
considered as a reference, 13 < W/D (see Fig. 11). Further, the
upper limit of W/D is preferably in a range of W/D < 200, in view
of the rigidity of the entire flow tube, frequency, etc. Thus, 13.
< W/D < 200.

Regarding the condition for the height of the flow tube (i.e.
the height of the body part) H, a lower limit thereof is as follows:

6 < H/D, where D is the tube diameter. From the viewpoint of the
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diameter D, and the upper limt of WD is preferably
in the range of WD < 200 fromthe viewpoint of the
rigidity of the entire flow tube, frequency, etc.,
the width wis 11200 (= 0.005). The lower limt is in
he range of 200 < WD, since D= w, and 1/200 (0.005

)
rlql@«w Wk fheWubybe Penat whelebt ﬁmqaenﬁwoughCFEthe upper
analysis is 0.48 or less, the conversion fromthe
1 imilge odi ngDdllspPaeéﬁEablynun aangmyer HiBpt fknefhusf, thg B/D <
flow tube is effected efficiently, and the result was
50, proved also froma reduction in the displacenent in
the vicinity of the fixed ends. Thus, the condition

va&fyagﬂ‘i’ﬂ . ?téﬁrdﬂl{‘@d?ﬁihf Oé&&é\ﬁvan.ﬁezggtﬁs O 0@5)lef_y parts)

IlTustration Iven wt

at tE G RGoS RBAPAG BT BPPRINE GO0 BE Eﬁ?‘f@hﬁ?h@%g ig‘ch W as

detern1ned by the ratio wWof the wwdth wat th
a refpgencendsinget ke Widhh W cioahaal &Rcomse le&ﬁdtB?nt Rae tube
ratio ht/H of the height ht of the added tube paths to
diamelterhdi gand thefupper flimit o W/Beis, prefagsably s$hothe range
in which HW= 0.5. In the drawing, the optinmm

of WPBOLELIO0 GalonC @REI VieRpbintr aftthe Higyididy ®fathe entire flow
conceptual drawi ng show ng conbi nations of the 24

tubevagkﬁguéhggh ¥¢and the ﬁfﬁ@ﬂtw+¥ﬁﬁ1/ﬂbb'QL°W'b%@? The lower

extendlng downwa to the right

ntk S SN BB 06 S ALY, 000
e A A T 0 ek e 1
configuration remaining the sane.

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

Here, an illustration will be given with reference to Fig.
12. Fig. 12 is a conceptual system drawing showing an optimum
geometrical condition as determihed by the ratio w/W of the width
w at the fixed ends to the width W of the flow tube, and by the
ratio ht/H of the height ht of the added tube paths to the height
H of the flow tube. Here, a case is shown in which H/W = 0.5. 1In

the drawing, the optimum geometrical condition is framed.

Fig. 13 is a conceptual drawing showing combinations of the
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From t he above conditions, 13 < WD < 200 and 6 < HD
< 50, the aspect ratio HWis in a follow ng range:
0.03 < HW< 3.85. To increase the frequency and make
it easier to obtain a phase difference, a laterally
el ongated configuration is required. Thus, the value
variefd iwisitlpperand nthe wasigiet Hoof. tABuf)lof®. @3be.H Dadshéd lines
In determning the ratio wWof the width w at the

extefrfc?i Qi&ﬁlﬁrdﬂw%cﬁ@l%d ridBe Pahheate EBﬁlb%@tth.OWSoE.n which
ow tube, and the length ht of the added tube

the égglea%%t Pgti e%‘? q%JS@Ji%L sa i'\évf%lsngﬂt%h?bgso%é\%e[)nnég extend

condltlons are sel ected as the, geopetri cal
downiGFALY difs, thind ARt opth ikttt Hasagfongwith respect to

determ ned through FEM anal ysis. Fig. 14 shows the
the dfdpWacurent iacgeasesanguith ditepl geomerical t genfidguration
portions A and the portions B near the fixed ends wth

remai®SpRCitHed ddie W dth w of the added tube paths as
obt ai ned through ‘FEN analysis. The positions of the

p%&bﬁﬁ%h/é asb%eeohaltmgnteeck 9%)]’90@520%3&1{&@@5@1/13 < 50,

t he portlons Brelate 0 t e portions B near
flxedend wn .in_Fi rizgn a
the pRbRRC ALY B TECE ﬁef?&{nglvav?Sf*SFne%béth f&/ﬁ' < 3.85.
theflxed ends 25 to the widith Wof t Iowtube
To iRcr@&sel ths ahpteercy nahdgeaket FFC&PS itQ PPtadn a phase
aspect ratio of HW= 0.21 and a ratio ht/H of the
difflegiegice ha leterad laklengaped panfd guyationhis gequiired. Thus,
the flow tube of 2.42 were adopted as fixed val ues.
the Vheuenpli tudeuppért himit omas udet afo tihe ITakwr,alo.@3ds HEW < 1.,
1 mm Since the displacement anount at the positions
In dBtBealintiRg theeda@Rdswi/N BrNHhe wdAEhi § at the fixed ends of
the added tube paths to the width W of the flow tube, and the length
ht of the added tube paths, the following values, H/W = 0.21 and
W/D = 48.68, and a material SUS316L satisfying the above conditions
are selected as the geometrical conditions, and the optimum value
thereof is determined through FEM analysis.

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

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

Fig. 14 indicates the ratio w/W of the width w at the fixed ends
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represented as enlarged ten tinmes. The ratio w W of
the wwdth w at the fixed ends to the width Wof the
flow tube was varied from 0.02 to 0.58. The

di spl acenent of the neck portions Ais greatly

j,nf | d rat i W of e.W at
to #qae‘gf@%swt ?J%t Etgl%w%%ﬁvﬁg?'thégf [aovi\:/%&éél A%}E%}ﬁéle of the
width ratio W Wincreases, the displacenent _increases \
geometdhap o EONGH HiOap Ao BSRa yar i ok HAW FhQ-dihand a ratio

hand, regarding the angul ar displacement of the neck
ht/FHorft ithes haighiteht oie that addetWtobet pathisdth ®het hepght H of
fixed ends to the width Wof the flow tube ranges

the frowm ubd ¢ 20.438welecadoptkdr adi Sitad emijes Of Thideanplitude
neck portions A ranges fromO0.8 to 0.85, that is,

t i I : td
of tgﬁtﬁ.cﬁp%gtﬁé atW;hEB@SI raMéﬁ#selgtlsﬁﬁl\.’_a $ Oce M) av\ﬁé%lacement

ows t e angul ar di splacenent is reduce

the w Wi s _appr.axi matel 0.2 to0.0.48. The , .
amorls A, Eiee RORHE T Jomlatherhs eAfieq 1ends xby BipNEEorand is
whi ch the positions are at a distance of 1/4H fromthe
reprisead esh@s) endpgsgess &eted ines-heTheatkRhgoay/Bnphr e width w
ten tines) is as small as approximately 0.006 mm when
at thewixedoendbuto grheluaidih dhmbabiees lop6 tabki wad varied from
of 0.015 mm when w Wincreases to attain a val ue of
0.02apR @xispately 0.48. On the other hand, the angul ar
di spl acenent at the portions B near the fixed ends

dog$en@t s%l‘é’ééxﬁé‘ﬁf Q‘Jfl ¥h§eﬂi’§£’ﬁ podt i‘Mnl\élﬁcujitsl b%Egrtl g influenced

suppressed to a [evel of approxinately _ _

oy SR REESET R Y5 b PR BCAE PR PR BhE bRsen w
of tﬁg%&o&hteube. As the width ratio w/W increases, the displacement
increases from 0.024 mm to approximately 0.4 mm. On the other hand,
regarding the angular displacement of the neck portions A, when
the ratio w/W of the width w at the fixed ends to the width W of
the flow tube ranges from 0.02 to 0.58, the angular displacement
of the neck portions A ranges from 0.8° to 0.85°, that is,
substantially constant. Minute observation, however, shows that
the angular displacement is reduced when the w/W is approximately
0.2 to 0,48,

The displacement at the portions B near the fixed ends {(of
which the positions are at a distance of 1/4H from the fixed ends)

(represented in the drawing as enlarged ten times) is as small as

approximately 0.006 mm when w/W = 0.02, but gradually approaches
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di spl acenent at the portions B near the fixed ends
shoul d be snmall, so that the optinmumcondition for
wWis a follows: 1/200 (= 0.005). < w W< 0.48. Figs.
15(a) through 18(b) show the results of FEM anal ysis

o oo SR AR BRI Se st R 4 varue o

when the Iength ht/H of the leg parts of the T-shaped
appraibidna ke LarQ o . wiG thiee odbe pdandenshei anghdawi dillsplacement
direction of the flow tube being at a fixed anplitude
at the dontiédsd cidaonthe fheedlds doesinot Bubdtantnigel By depend
somewhat exaggerated). Here, the aspect ratio HW

on Wmd@elwﬁ Pésibe £boy 1&9@9 8 4 %ﬂéﬁf‘gxiﬁﬁt@ Wygfat.r.

of theflowt elis H i1s 0.21, and rati o

th [ W of
T Bt R R bRt om0 e
ht/H = Q.50;..in . 15(b), ht/H = 0,75; in %

streps At 9 H’abrlawn. Pouttens, ntfHie impgrtapt that the
Fig. 16(a), ht/H = 1.50; in Fig. 16(b), ht/H = 1.75;

dlspl@cﬁr@ntm(cc’;he mgntiorss B Bear the E|1ged1€(ld$ shovibe small,
2.25; in Fig. 17(a), ht/H = 2.50; in Fig. 17(b), ht/H

so tha?. e dptirg cbhdithion Bothh/AW 108; foNL&wg: 1E£E) . (= 0.005)
ht/H 27 = 4.00; and in Fig. 18(b), ht/H = 5.00. As

< w/@;onspeye;hvvlth the cases in which the value of ht/His
l'ess than 4.00, in the case of Fig. 18(a), in which

R 7 215 Wl TR B2 8ngl: Bher kospiPac St ppdlpnatyeis
SRR ITE SN AR -
show]c Lg\g Itngggmmn amplitude conditions when the length ht/H of the
leg parts of the T-shaped tube is varied, with the end portions
in the width direction of the flow tube being at a fixed amplitude
of 1 mm (depiction'of the amplitude in the drawing is somewhat
exaggerated). Here, the aspect ratio H/W when the width of the flow
tube is W and the height of the flow tube is H, is-0.21, and the
ratio w/W of the width w at the fixed ends to the width W of the
flow tube was a fixed value of 0.19.

In Fig. 15(a), ht/H = 0.50; in Fig. 15(b), ht/H = 0.75; in
Fig, 15(c), ht/H=1.00; in Fig. 15(d), ht/H=1.25; in E;ig. 16(a),
ht/H =1.50; in Fig. 16(b), ht/H=1.75; in Fig. 16(c), ht/H = 2.00;

in Fig. 16(d), ht/H = 2.25; in Fig. 17(a), ht/H = 2.50; in Fig.

17(b), ht/H=2.75; in Fig. 17(¢), ht/H = 3.00; in Fig. 18(a), ht/H
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vibrates as the flow tube of a Coriolis flowreter, so
that no Coriolis force is generated through paralle
novenent of the flow tube alone. Thus, the case of
Fi g. 18(a) in which ht/H= 4.00, and of Fig. 18(b),

= |db\MHﬁﬁl Vg%% ﬁ%?ﬁ?lﬁrﬁtpﬁt sglbable for a Coriolis

flomneter I's increased, and the added tube

paths, that i arts re _elon ated
Podis coBa redt i thy i GaTaH SRy Rbih duve Pdbseet e 1s less
fromthe linear portion of the apex toward the flxed

thany flydbn ithethip stz hinti Gowh8{aktanini veéchThs/H = 4.00, and
positions of the two nodes pass the maxi num wi dth

in therddasmnobfof Fég.tlbb betinedni ch $itad@ie=vhdég bhéH inehdPortion
and a stage where ht/H= 4.00. Wth this condition as

at the Wafmhéﬂbﬁéawfﬂdﬂé L8 %éelﬁr ke r1kbwecpodes C(Urltdleis force

vi brati on becone closer to [T near portion side

t he
is Q{?I?]bra{l on gforoach"{&l#ir#%(e%{end é %%&g%ﬁﬁh‘gﬂups g%l?nw tube
a downst.rea Sld [ 19 shows .t he_di spl acenent
vibigle f oAS A RYBMatubg §8ﬁ R RRRLOLISUILOVBE e AR KERat no
portions A and the fixed end portions B (situated at
Corigldissfance & deusrateh theoughmpraldel meyement of the flow
relative distance fromthe flow tube varying; see Fig.

tubel@joine. tfibud, shhpedaskonft Bbgs D8 (ahg immehschnstAR = 4.00,
shown in Figs. 15(a) through 17(c) as obtained

and bifr ;ugh ABNInalivswhichatdispt SN tar@mt sudfable for a
portions B near the fixed ends are mnute, and

cort ISR 080 L s T LR 0 21, ana the
raﬁkgnmﬂ¥%ﬁfigh§ng%ggge§,aan&hghe added tube paths, that is,
the leg parts, are elongated, the two nodes in a tertiary mode
vibration move respectively from the linear portion of the apex
toward the fixed ends on the upstream and downstream sides. The
positions of the two nodes pass the maximum width portion of the
tube between a stage where ht/H'= 3.00 and a stage where ht/H =
4.00. With this condition as a boundary, when ht/H is small, the
two nodes of the vibration become closer to the linear portion side
of the apex, and when ht/H is large, the nodes of the vibration
approach the fixed end side on the upstream and downstream sides.
Fig. 19 shows the displacement amounts and angular

displacement amounts of the neck portions A and the fixed end

portions B (situated at a distance of 1/4H from the fixed ends,
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fixed ends to the width Wof the flow tube is a fixed
value of 0.19. The value of ht/H was increased
stepwi se from0.50 to 3.00. Wen the value of ht/His
increased fromht/H = 0.50, the displacenment anount

at _the.neck, portions A increases gently from 0 nmm_, ,
the (heda THES | SUEF20F 8 kPR, T tabe, KBryang: nigsi ELg. 10) in
exceeded, the displacenent anmount increases abruptly,
the jhishaeed nEJov Tubem of the dimphadonenasashewe 1r Higs. 15(a)
mm On the other hand, the angular displacenent

thromglnt7 &t) tadwe obdeki neat thebaghi FEM abdlpsly. f riie @isplacement
when the value of ht/His increased, and when the

amoidt $1e08f thie horttsi HPI®XhBRLEkhe? AkedldldSaPe8Rinute, and
Beyond that level, the angular displacenent anount is

d rupt| n . val . of LH =_3..QQ,
thel SRS o T e Mo et Uit Br oo rabrepattion. e
val ue of is increased fromthe stage where ht/H
aspec .rﬁstﬂ(?nwv#&ni Valate) a0chEngi EpFaERtChnhimtvidth e at the
. portions B near the fixed ends increases gently from
fixerd epdsHbeete wididh Wagduihe ifdov hube is kefdkedeyalge of 0.19,

enlarged ten tinmes in the drawing) . Even when ht/H =

The 3rdi0je tdi® kit 5| waenintreasedt stepassenBkbmas.s0 to 3.00.
approximately 0.038 mm As can be seen fromthe graph,

up wrer hthe 2P BIQUSE VWMV D&/ thordasda FP6R htéH = 0.50, the
specifically, up to the stage where ht/H = 2.75, the

at s oy ke TR BRRELokd 3 1fkEeaRly gentiy crom

0 mn, SR FRA AR A7 GRS Wy AR5 (8- S5 s pisdeeded,
val ue). Wen the value of ht/His increased, the

the didsplacemen) apenptt 1nsreaggseabsupsivntand when ht/H = 3.00,

the displacement amount is 1.55 mm. On the other hand, the angular
displacement amount at the neck portions rises abruptly from 0°
when the value of ht/H is increased, and when the value of ht/H
is approximately 2.50, attains 0.83°., Beyond that level, the
angular displacement amount is reduced abruptly, and when the value
of ht/H = 3.00, is reduced to a level of approximately 0.43°,
When the value of ht/H is increased from the stage where ht/H
= 0.75 (minimum value), the displacement amount at the portions
B near the fixed ends increases gently from 0 mm. However, the
amount is minute (therefore, is enlarged ten times in the drawing).
Even when ht/H = 3,00, the displacement amount is as small as

approximately 0.038 mm. As can be seen from the graph, up to the
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l'inearly, and when ht/H = 3.00, is approximately 0.07.
When ht/H = 2.50, the angul ar displ acenent of the neck
portions A is maxi num and the angul ar di spl acenent
and the di spl acenent at the portions B in the

st HRRLREF 3121 b AR Bt R b B il Sy tege where

a reI atively small value. Thus, it can be seen that
ht/lt ﬁez VPbr ERPoRL PRl 2 FemerRh iRt e tSuRPEessad itg éndeyel not
converted into twsting vibration, and the
largéirsghacefeffi mnd Orguiher odihepd haanhmthet anguhart dilspbacement
the fixed parts are allowed to be m'nute. This

at tREYEIEHE BSné4te the Ehrefatidd hatat kemaddrdmivdEue of 0,23°,
paths (i.e. leg parts) do not sinply fall at the tine

wherPh @/ eLt igar naﬁ%l\fttﬁ.lt attfae but @& dipd! Qfﬂe' %ft hee/n is

dlrectlon (i.e. neutr dlrec i on) opp03|te

. rectlo asthe | ow tube (i.e bod art
in dnEheanstiaR aiSphachnanity iy) Fedhet %Eantlally
be seen t hat that ht/H be approximately 2.50 |s t he
linegglivmurancondien & /o= thd0,hdigyraprirotieately Pafhs-
added. Further, it was found out that when the val ue
of WhiehH s/, 75 2050portehe t haghdadi mif splackngnf ofthehe neck
added tube paths (i. e. leg parts) is reduced, naking

portilon® fA g4l tmd0irih Al Bnd30tHd1€ ahgfiliayd t@éﬁté&@hdﬂadend the
vi bration of the flow tube. t he other and, H D <

O
dlspﬁ.%’ceﬁt'é%tt he Thal gﬂg\ﬂa HeBog.n Ehesvfgl i CHf | h&NPixed ends

as the mni m val ue o ben adl us, Sso

it of ht/H
are tlt%fldp S OUEL g poE Bt e AP o0 AT ng aitoved
ht/H < 2 75. Fig. 20 is a conceptual .drawi ng show n%:
to bheiy ,raq,.'g,at‘m\@ly small value. Thus, it can be seen that the

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

tube paths (i.e. legparts) is reduced, making it difficult to attain
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vi bration of a T-shaped flow tube at maxi num
di spl acenent as drawn into a single tube, and is
substantially copied fromFEN analysis results. Fig.
20 successively shows changes fromthe state in which
ht/ H=,0.50 to,the state . in which ht/H = 5.00. It can
the BEAUE5H Dokt LI BITIONG Y WHRRE 10 AE By fBowdrlimon e On Hge other
bendi ng di spl acenent has been propagated to the
hangyo /RS $earandt bhei rénimmisvakuet bérht is 8Bp which is the
seen that when ht/H is approximately 2.50, the bending
samaliasptheemenimim thbueict e/ behdihg Fhdedsenes diast the lower
been reduced. It goes w thout saying that the present

limithwenht 2 B 130wy =Verdeus FRd figat ,}4\4 t’gg?ﬁg- .
departing fromthe gist theredf ftﬁ%ﬁﬁ%{:l& .lfAlon for ht/H

s o L erd iqar ] kb ' ype riolis flowreter,

is as fdlq'%&od@t # £q§£/gxﬂeéf b?/\ﬁ)ube; a drive device for

conprising: at Teas
driving the flow tube; and a _pair of vibration

detffd@i AP sbfisér Sasierfatak t dhgwinghabewiags Perkeicielany mode
. proportion to a Coriolis force acting on the flow
vibrajien elfaa dttshaped flow habet &b s Areuml edispd adrémesst as drawn
the flow tube by bending vibration in a tertiary

intomadeingbatttbe, famdy isbabvant i9RSt @dpi’dld ¥rom FEM analysis
| oop- shaped body part, and that a pair of parallel

e, 2010 OSSR P ROy 130 chE Beded s wnsen

oop-S
ht/H = 0.50 to the state in which ht/H = 5.00. It can be seen
therefrom that when ht/H is 3.00 or more, the bending displacement
has been propagated to the portions near both fixed ends. Further,
it can be seen that when ht/H is approximately 2.50, the bending
displacement in the vicinity of the fixed ends has been reduced.

It goes without saying that the present invention allows

various modifications without departing from the gist thereof.
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body parts and to be deflected in a direction
substantially orthogonal to a vibrating direction of
the both end parts and to the outside of the both end
parts, thereby formng the flow tube in a
substantially T-shaped configuration, with fixed end
parts supporting the flow tube being forned at the | eg
parts. 2. Atertiary node GIBE{$ on type Coriolis
flowmeter according to daim1l, characterized in that
the fixed erdtpattiaryohofibderimmtpioon $ypeeCariahjed wmeter,
positions in close proximty to each other within one
ahebiNeisqe plane. 32 3. Atertiary node vibration
type Cbrlolls flowneter according to daim1l or 2,

cati or1ed ) %‘?%ﬁ / WL (2 0. 005 < ww <
0. 48, 3 , d

the bop= 5t eV TS EORFonT 7 The boay Bubt’ t%?a
a height of the leg parts, wis a fixed end w

consi st PRgT&t Yh@rﬁFéPﬁﬂ@éeﬁ%ﬂen?ﬂEs #l%e%eﬁﬁﬁtlng aphase
parts, HWis a ratio of the height H of the body
Pk ferenchd mpgppontapnt e HEQFigdde faryeiackingonpothe flow
of the fixed end width wto the width w of the body
thalvd , clnalrddtdkisged iattbatof the height ht of the leg
parts to the height H of the body part. 33

the drive device drives the flow tube by bending vibration
in a tertiary mode,

that the flow tube has a substantially loop-shaped body
part,

and that a pair of parallel leg parts are formed to be
continuous with both end parts of the substantially loop-shaped
body parts and to be deflected in a direction substantially
orthogonal to a vibrating direction of the both end parts and
to the outside of the both end parts, thereby forming the flow

tube in a substantially T-shaped configuration, with fixed end

parts supporting the flow tube being formed at the leg parts.

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

to each other within one and the same plane.
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3. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1 or 2, characterized in that the following
conditions are satisfied: (1) 0.03 < H/W < 1, (2) 0.005 < w/W
< 0.48, and {(3) 0 < ht/H < 2.75, where W is a width of the body
part, H igs a height of the body part, ht is a height of the leg
parts, w is a fixed end width consisting of the distance between
the fixed end parts, H/W is a ratio of the height H of the body
part to the width W of the body part, w/W is a ratio of the fixed
end width w to the width W of the body part, and ht/H is a ratio
of the height ht of the leg parts to the height H of the body

part.
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