DESCRI PTI ON CORI OLI S FLOWETER Techni cal Field The
present invention relates to a Coriolis flowreter, and
nore particularly to a Coriolis flownreter including at
| east one flow tube constructed of a bent tube.
Background Art In a Coriolis floweter, a tube through
which a fluid to be neasured flows is supported at

one end or both ends therggreperoyi bration is
applied to a portion of the tube around the supporting
point in a direction perpendicular to the fl ow ng
direction of the tube (hereinafter, a tube to which

[ t i lied is referred to as a flow tube)
Co¥ﬁ§&%§r&&Q@y ter is a mass flowreter, which
utilizes the fact that the Coriolis forces applied to

the flow tube when vibration is thus applied thereto,
are proportional to a nmass flowrate. The Coriolis

Tethawmatieriailai ch is well known, is roughly classified
into two types in terns of flow tube structure: a

strairght pdbenty 18nb erLype. . COE{ Ol
romneteP of Pheggyég?éﬁ? ?%%gkggpg? aﬁ%%ip%?kggﬁ%gﬁhéter’ and
se, _both e

[ ks traight.tube, 0 dg.are
nofd BRPHAEHERY Tl B RHRIES: pLRGRELPR, hElRALAE et 1east one
strai ght-tube center portion 1 axis, a difference in
lengPEEeﬁﬁﬁFtﬁﬁ€tﬁg ©rfe ackheand] itdtreor ces is  gener at ed
bet ween the support portions and the central portion
of

Background Art

In a Coriolis flowmeter, a tube through which a fluid to be
measured flows is supported at one end or both ends thereof, and
vibration is applied to a portion of the tube around the supporting
point in a direction perpendicular 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,
iéroughlyclassifiédintotwotypesintermsofflowtubestructure:
a straight tube type and a bent tube type.

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

in a direction perpendicular to the straight~tube center portion



the straight tube, that is, a phase difference signa
i s obtained, and, based on this phase difference
signal, the nass flowrate is detected. The straight
tube type Coriolis flowreter, thus constructed has a
sinpl e, conpact, and solid structure. On the other

hand, there arises a,proplemin that it is diffjcult )
a1 G AET S T B GrEGRAT (0 5 41 G vebis forces is
the bent tube type Coriolis flowreter is superior to
gendi@ s q digfhteauid e pueppooti pbirs ithewastlethéroemargileportion of
point that it allows selection of a shape for

thekfeetigte] yublt athhtgidhe: Porisel s rrheeees sigfaflack,obtained,
it is capable of perform ngrmass flow rate detection

anc%","ygaga cg.t&rf{%zﬁ's; Kk dK@@MFS%%n.ngﬁggm E%gdﬁgmg%hkggﬁ rate is

ro ownet er I nc e on

single flay tub see, for - ex l e, JP, 4-55250 B),

de‘coer‘?g‘geéjgui ppetf wit al%gg“tfl %\}\’rbteub g’Bﬁrr el 1¥n ‘g]a?‘%i‘i‘?%ﬁrf thus
(see, for exanple, JP 2939242 C), and one equi pped

congimictedhagles Hrphet goebarta a0dsed istateugtere. f obn the other
exanpl e, JP 2951651 C) . However, of bent tube type"

har@yr itdlarse fdwiwes e Sproibemi i @hasi 0gl &€sf BaWftivka d o achieve
advant ageousl y capabl e of providing a mass fl owreter

high ddte @i yoH esdnsifpeitye and at | ow cost. On the
other hand, it has the follow ng problem Since there

o PLRERE Kng BB 1350 SENMPYSLARD L superior
to PRSaRES Bk S eSRC b bRt ey LBy B bine enat
it allows selectionof a shape for effectivelyobtaining the Coriolis
forces. Infact, itiscapableofperformingmass flowratedetection
withhigh sensitivity. Known examples of thebent tube type Coriolis
flowmeter include one equipped with a single flow tube (see, for
example, JP 4~55250 B), one equipped with two flow tubes arranged
in parallel (see, for example, JP 2939242 C), and one equipped with
a single flow tube in a looped state (see, for example, Jp 2951651
C).

However, of bent tube type Coriolis flowmeters, one witﬁ a
single flow tube is advantageously cépable of providing a mass
flowmeter in the simplest structure and at low cost. On the other
hand, it has the following problem. Since there is provided only

one flow tube, when vibrating the flow tube, it is impossible to

secure the vibration balance as in the case of a flowmeter with



Di scl osure of the Invention It is an object of the
present invention to provide a Coriolis floweter,
whi ch can be realized in a sinple construction and at
| ow cost and is capable of obtaining a stable signa
when vibrating the flow tube. To achi eve the object
of the present invention, the Coriolis flowreter

L a%gord% E to claim1l gf t he present inyention is

WO haPYc FBPESed By 1Pfc Fhdil RGO sEiieade Ghdaiinow wigdle signal.

constructed of a bent tube of a symmetrical shape

Wth respect to a first axis and supported at support
portions at both ends in which inflow and outflow

Dispootsrar eff aheednvendtiove devi ce adapted to
alternately drive the flowtube in a rotating

di r eetiiPAnas VYO B FSEROMT DM 189@5%%%1”@0 ?ﬁ%‘xﬂﬂd&% Coriolis
supported at the support portions at t he bo ends
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synne fica p03|t|ons e right a
ve device an {o.det ect ase dhfferen

te .
Tow gt PL % Bcth? SOk Peal fanpes roreel S iges gV thgrating
flow tube, and is characterized in that the drive
thed&yPtetiBearranged in the first axis, there being
further provided a pair of second drlve devi ces
adape ed-liicewt ttérenabgbyt drf wh et beeskhaowi hubetiont hehe Coriolis
rotating direction and arranged at symmetrica

flop@stétonscdaxdhey ritghtcpatn| af t cof die gdirbvendevig®ention is
and the pair of second drive devices are driven in

chaPhaserMth @ﬁ'clfh@ﬂkﬂnd%wa@ l%at.slﬁeogg' Jleg%ﬁelyﬁl?@ ANt NG ted of

pair of second drive ces being

a bent tube of a symmetrical shape with respect to a first axis
and supported at support portions at both ends in which inflow and
outflow ports are formed; a drive device adapted to alternately
drive the flow tube in a rotating direction around a second axis
connecting positions supported at the support portions at the both
ends; andapairofvibrationdetecting sensorsmountedat symmetrical
positions to the right and left of the drive device and adapted
to detect a phase difference that is proportional to Coriolis forces
acting on the flow tube, and is characterized in that the drive
device is arranged in the first axis, there being further provided
a palr of second drive devices adapted to alternately drive the
flow tube in the rotating direction and arranged at symmetrical
positions to the right and left of the drive device; and the pair

of second drive devices are driven in phase with each other, with



in a reverse phase with each other. Wth this
construction, according to the Coriolis flowreter of
claim1 of the present invention, when the drive
device and the pair of second drive devices are
driven, vibration beamin a tertiary vi bration node

th@éﬁr?@ pﬁ@i&@%&%&&lﬂ%ﬁgghg\%%usbeco d dq:tlhxreer dvéﬁfg.gC%S belng driven

alr of second vices are rven inp
mhereas the _drive device and the pair of second drive
inggy FESETSPe PhPF e i gfqnaﬂﬁhﬁ§‘phase so the flow
tube may obtain the vibration beam in the tertiary
vi br B Ebnt b8 ecorpst wonpierd asiadrdivey daséhienCahichisnblowmeter
such the pair of second drive devices exist and in

ofwblaimanlof thbepdeb¥atdenyertisnUsaden ithd e ifleOMet;ibe and the
of the Coriolis floweter according to claiml of the

pa@ﬁ:%@@fecbﬂ&@ﬂtnﬁg‘dewﬂ%e\é'ﬂ@ﬁ'r?@eﬁt, \{J%lg‘fa{% b%la{ﬁ%[rlx & tertiary

farnore stabilized, wth the resu e signals

d h .t he alr rati ctin

Vlggégggg'%ég %%6%F|zed éﬁh ég@ gﬁrthgn other words,
structure descri bed above, the Coriolis flowreter of

a PpArnPi SFCPRE Pré¥endevivast iegie plrdWiedesin Phafey whereas the
flowmeter in a sinple structure and at |ow cost. To

dri¥hi de¥icheantj be phirhefpsesemd idnierd idevicecerd tyiven in
to the Coriolis flowreter of claim2 of the present

a resvenkbophak8, Ckai Bhel fabwt h@ibpr esentoptaMeNttiHN, vidi&tion beam
vi bration detecting sensors are arranged between the

indfHe @ c0@Vin6€ aNHrhheoRahEaof ?ﬂ?sceﬁglﬁg&ie\ﬁewggﬂitcﬁescase in which

Further, to achieve the object of e present

nocgg?ﬂt%ﬁgfpﬁheo%fgé% ﬁc?nc%e%f Fgc{ne’\%ll.clhg’%féﬁ%ta%{d A% which only
the drive device is used, in the flow tube of the Coriolis flowmeter
according to claim 1 of the present invention, the vibration of
the flow tube is farmore stabilized, with the result that the signals
obtained through the pair of vibration detecting sensors are
stabilized. As can be seen from the structure described above, the
Coriolis flowmeter of claim 1 of the present invention provides
a mass flowmeter in a simple structure and at low cost.

To achieve the object of the present invention, according to
the Coriolis flowmeter of claim 2 of the present invention, in claim
1 of the present invention, the vibration detecting sensors are
arrangedbetween thedrivedeviceandthepairof seconddrivedevices.

Further, to achieve the object of the present invention, according

to the Coriolis flowmeter of claim 3 of the present invention, in



the Coriolis floweter of claim1l of the present
invention, the pair of vibration detecting sensors
are arranged between the pair of second drive devices
and the support portions having the inflow and
outflow ports of the flow tube. Wth such the
construction according to clains 2 and 3 of the
resent |nvent|on the arrangenent of the pair  of
the v@%?la‘ﬂbﬁ H‘é‘t’%@‘é?ﬁgo%ﬁééﬁ@ al Péwghsp}anEPPét gnvention, the
selection, and it is possible to detect the phase
paidki&em@an&&iowhﬁ@HQQ§ipmopensboﬁaarecﬁIIEQQEﬁihﬂﬁween the pair
forces acting on the flow tube, at a nore desirable
of fasirdd arivEodachteveatheatobjseghoef: bbetpoasamdving the inflow
i nvention, according to the Coriolis flowreter of
andc+@tﬁléw°;§ofjﬂ§ presgt chgyenthen, in the Ooriolis
owret er” of any one of clainms 1 to 3 of the present
i nv ntlon e flaow tube is for at e- si
havihg & &7 a‘? EhtC Bt i on  Ahd acwcgoa]?dr egcelpaor %nsa nd 3 of
connected to the ends of the strai ortlons %
thet%ea%m@ella‘éw*ééoandtbﬁeaﬁaﬁpgsweggcaﬁd Bei Paidegicdbration
are arranged along the straight portion. Wth this
deteohsty ustnson s addovsdhpyroprinbe Gorlianttiionl emdeibris possible
described in claim4 of the present invention, it is
to deassithitee phakurd hefesdrade | whechhies pi:bpattﬂ)ﬁnaﬂ)ftdtllee Coriolis
fl ow tube. To achieve the object of the present

ford:é‘é!eaﬁ‘nt:tf:’ﬂ? 8R8CPREI RYoLOtubhe Gerhohbsel hawiRLEeN cObosition.
claim5 of the present invention, in the Coriolis

fl o’i‘\g%tc%{leq; %ﬁ%ogﬁ;jg tcéf?‘ et e%%fggeﬁto{m;&?tp&?sea@cordlng to

i nventon, % he vi I'on I'Ng sensors are

e SHLPREL, W\ ng0ils and gptsy oL COLLD BlBensigp, in e
Coriolis flowmeter of anyoneofclaimslto3of thepresentinvention,
the flow tube is formed in a gate-shape having a straight portion
and a pair of leg portions connected to the ends of thé straight
portions, and the drive device and the pair of second drive devices
are arranged along the straight portion. With this construction,
according to the Coriolis flowmeter described in claim 4 of the
present invention, it is possible to further stabilize the vibration
of the flow tube.

To achieve the object of the present invention, according to
the Coriolis flowmeter of claim 5 of the present invention, in the
Coriolis flowmeter of anyoneof claims1to4of thepresent invention,
the vibration detecting sensors are equipped with coils and magnets,

the coils are arranged on a stationary member parallel to the flow



5 tube, and the nagnets are arranged on the flow tube.
Wth this construction, according to claim5 of the
present invention, no coil requiring wiring is
nounted to the flow tube, so the influence on the
vibration of the flow tube is mtigated as nuch as

tuBesskihke « HAC GRIMAG ta%bec'ﬂ'nfaﬁyﬁ'goﬁ otrhe%kﬁé CEEN tube. With this

i nvention, the Tl ow tube ain e vibration

beam.in.a tertiary.vibratian .node, whereby it is, ,
cop S EEbPa3pe ARG St Rbicid the S Bad e Tt tHwention, no
flow tube as conpared with the prior-art technique.
CoThysedyiriRg pudding éstmoupkeditde theBlvwitiube, santherinfluence
capabl e of obtaining a stable signal through the
~ onwvitbr atibora tdetre otfi tige sEnsotubwhi 8 e tsi gelvedtag@Qds. as possible.
Further, since it is a Coriolis flowneter equi pped

Wi t hA@&ok&ilﬁlé: tORa AilOW & oben € Pretldigt edvehithent tHbeflow tube
it is possible to provide a Coriolis floweter in a

i . latively .l -
e D o B Ue i B aF Bk amenies vmereby
i's. provi ded, between

.. t,he vibratipn detectjng sensor ,

Lt i PRFEge et aféar‘%%%fﬁf%éagéedﬁ& BRPVeLkfert 53 ofofhe flow tube
bet ween the second drive devices and the inflow and

as NP Poritd the Pries-possitthniquelet ddrusyhét phawessible to
di fference, which is proportional to the Coriolis

prévidesa dctiing i lohmeftlcowchphbl eab faolpa enibegid alladle signal
position. According to claim4 of the present

throwght tRe, vibeaeibs anapiadng daissshapedch! 9w tuk8ntageous.
along the straight line portion of which the drive

Fuﬁmﬁgégﬁyéﬂ@cé her seenEi)8 JeMiihiie 2 YJid8with at least

one flow tube constructed of bent tube, it is possible to provide
a Coriolis flowmeter in a simple structure and at relatively low
cost.

According to claims 2 and 3 of the present invention, the
vibration detecting sensor is provided between the drive device
and the second drive devices, or between the second drive devices
and the inflow and outflow ports, so it is possible to detect the
pPhasedifference, whichisproportional tothe Coriolis forces acting
on the flow tube, at a more desirable position.

According toclaim4 of the present invention, there is adopted
a gate-shaped flow tube, along the straight line portion of which
the drive device and the second drive devices are arranged, whereby

it is possible to further stabilize the vibration of the flow tube.



it is possible to further stabilize the vibration of

the flow tube. 6 1 ~ According to claim5 of the

present invention, a coil requiring wiring is arranged

on a stationary nenber parallel to the f.|low tube,

and a magnet is arranged on the flow tube, so the

i nf | 67CE R He CLailBraet dheobreRent lisweanibercan dod 1 requiring

mtigated as much as possible. Brief Description of
WwirhadDrawmysiddqonla issad ipersspentiver Waw Idfe Bto the flow tube,

Coriolis f | oweter according to an enbodi nent of the

anfr eseagnéBventdotinddd ol the 21560ALLYT & @he infl
Coriolis flowreter according to anot%er e%ood%rrrlentuecr)lfce on the

; sent (iL.AV .0 LN igh a.single.,bent_ tube ,

Ty Rpfoart be eChotapeact 65T ey SRl e possibie.
is atop viewof the Coriolis flowreter shown in Fig.
2. Fig. 4 is a sectional view, as taken along the line
near its center, of the Coriolis flowreter shown in

Bripd. Descriigtign o1; tdicadravigwisematical |y illustrating
operation of the flow tube. Fig. 6 (a) is a diagram
showFig.d berdbegspebitatieoni elogch priefl ithel bl bebe-cording
of Fig. 5. Fig. 6(b) is a diagramshowing a Coriolis

tof @hcembBbdifent! oW thebeg ralsed PAifite ighe a pair of

vi bration detecting sensors of Fig. 6(a) are

arrapggd.2 is a front view of a Coriolis flowmeter according to
another embodiment of the present inventioh, in which a single bent

tube type flow tube is mounted in a vertical plane.

Fig. 3 is a top view of the Coriolis flowmeter shown in Fig.

Fig. 4 is a sectional view, as taken along the line near its
center, of the Coriolis flowmeter shown in Fig. 2.

Fig. 5 is a diagram schematically illustrating operation of
the flow tube.

Fig. 6(a) is a diagram showing a bending vibration velocity
of the flow tube of Fig. 5.

Fig. 6(b) is a diagram showing a Coriolis force of the flow
tube at a point where a pair of Vibration detecting sensors of Fig.
6(a) are arranged.

Fig. 7 is a front view of a Coriolis flowmeter according to

still another embodiment of the present invention, in which a single



Fig. 7is afront viewof a Coriolis flowreter
according to still another enbodi nent of the present
invention, in which a single bent tube type flow tube
is mounted in a vertical plane. Best Mdes for
carrying out the present invention Enbodi nents of the
present invention will now be described wth

berf f@ﬁﬁgcsygg FDG, dE gL NYS - m&a{laegbiogﬁ Eﬁgﬁ&rti%?:laitlﬁglane.

owreter“according to a first e

present invention is showmn. O the drawings, Fig. 1is

a perspective view of a Coriolis flowreter according

to an enbodi ment of the present invention. In Fig. 1,
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enbodi nent of the present invention includes a casing

2, dimsbodfireentd onf ttlbe ¥ eaeodmivdatrad am willd casi bg Aescribed
a drive device 4 and a pair of second drive devices

with SefoFelifbvidorhbesthipvngybe 3, and a pair of
vi bration detecting sensorS 6, 6 for detecting a phase

di f fEl g ji-qnal LpLis. for tg .
the T1 Rt ubes T thet TOIT ov 85 C RIS Eomponen goodirent

fw@il be descrjbed., The casing 2 has a structure

Of [\ T§ et PRt hPRntS t3PSW¥Bn.  Further, the casing
2 is large enough to_be capable of accommpdating the o
f 1 oWk JBe Siramd Dgsst didonar ¥S nersersedrrengeiew of a Coriolis
parallel to the plane defined by the flow tube 3

flowsstdr Facdhding the mmsémigo@imsnt fof nebesprasehbd bevention.
capabl e of protecting the flow tube 3, etc., which
constiri tRf@. the ABCBrR6LEEOR1elkmiehe f lIoWmicrdiddeto the first

casing 2
embodiment of the present invention includes a casing 2, a single
flow tube 3 accommodated in the casing 2, a drive device 4 and a
pair of second drive devices 5, 5 for driving the flow tube 3, and
a pair of vibration detecting sensors 6, 6 for detecting a phase
difference proportional tc Coriolis forces acting on the flow tube
3. In the following, those components will be described.

The casing 2 has a structure resistant to bending and torsion.
Further, the casing 2 is large enough to be capable of accommodatiﬁg
the flow tube 3 and a stationary member 7 arranged parallel to the
plane defined by the flow tube 3 itself. Further, the casing 2 is
formed so as to be capable of protecting the flow tube 3, etc.,
which constitute the main portion of the flowmeter. The casing 2

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

of the casing 2 with an inert gas, in the casing 2, condensation



is filled wwth an inert gas, such as argon gas. Due to
the filling of the casing 2 wwth an inert gas, in the
casing 2, condensation 8 on the flow tube 3, etc. is
prevented. The stationary nenber 7 has, for exanple, a
rectangul ar shape in plan view, and is fornmed as a
flat plate as shown in the figure. The stationary
ormedieert 1bw stuysr t3,aldtye f i ixeptovrdheagasi ng 2. Further,
nounted and fixed to the stationary nenber 7 are

bl OC"T"})%h@Q@QléHQP?%emM 5i108s, %o@a&%@%&%%%‘cﬁf%n%ﬂ‘iar shape

f|X|ng the flow tube 3. The Coriolis ownet er

t t t whi ch | ,
AR RLAT SO AT S e riguee
es not easily allow vibration to be transmtted to
Th@n%t@%ﬂmﬁwe@bﬂ%Bagrp%@alsmééﬁﬁdpmt:h@n?@semesz Further,

The flow tube 3 is constructedof abent tube which is
mogpesh #1.¢ L x e tchthe syjedti are rmy hewber axase bAdickatséd peyl support
reference nuneral S1 of Fig. 1 (which coincides with

potrheovers j eafomxuppottihe (801 £ Okisg thieotwmy etbé)3. anthe Ccoriolis
the inflow port side and the outflow port side

flb%’é@%fr arer Ehxed-d 9o 8 rSHRRA PQEté RSBt 1 Be o ?ch anOlVeS

| ow tube 3 is forned in a gate- e shape, and

Stk air..of le portlons 1
o %ﬁ%%?%%é’?f%%& 44855 8RE LuPea itk BR6 R LR 6o Rot easily
1& The terlal of the flow tube 3 is one
a ?Hai"ll raE&BB 8 PR tRRRSTRERAMCRP thelflowjgdkbes® through the
stainless steel, hastelloy, or titaniumalloy.
supppPEhePOrB@Rsed t 8-t he infl ow and outflow ports of
the flow tube 3 are an inflow port side connecting
portTha flbwtube3isconstructedof abent tubewhichis symmetrical

with respect to a first axis indicated by reference numeral S1 of
Fig. 1 (which coincides with the wvertical axis of the Corioclis
flowmeter 1), and the inflow port side and the outflow port side
thereof are fixed to the support portions 8, 8. The flow tube 3
is formed in a gate-like shape, and has a straight portion 9 and
a pair of leg portions 10, 10 connected to the ends of the straight
portion 9 thereof. The material of the flow tube 3 is one usually
adopted in this technical field, such as stainless steel, hastelloy,
or titaniumalloy. Further, mounted to the inflow and outflow ports
of the flow tube 3 are an inflow port side connecting portion 11
and an cutflow port side connecting portion 12. Measurement fluid
flows into the flow tube 3 from the direction of the arrow IN of

Fig. 1 through the inflow port side connecting portion 11 and the



and an outflow port side connecting portion 12.
Measurenent fluid flows into the flow tube 3 fromthe
direction of the arrow IN of Fig. 1 through the

i nfl ow port side connecting portion 11 and the 9
inflow port, and sequentially flows through the inflow
port side leg portion 10, the straight portion 9, and

infthe ?HEE' OMhROEEqbeeial 89 POSLE O ADubEfOhe fhPWhGort side
out hrough the outfl ow port and the outflom1port

legdh#?tfgﬁr g%;Jﬁﬂm;%orﬁﬂ. %gf?hgd ﬁ Eff&&g&ért side

own speC|
device 4 for i br t he |OMItu SO0 as to
1ea iR I B at &»?f@éf&ﬁﬁwgﬂa Sk ity tﬁ}eaﬂu&ﬁlwdsorg and the
equi pped with a coil and a magnet. Further the drive
Out@éOWc@Oﬂtl%lch? congectina Rertipst 1axias snditTetins korhe arrow
specific, it is arranged at the center position of the

OUTstraight portion 9 of the flow tube 3 and al ong the
flow path center axis. Further, the coil of the drive

devihcenhdubh m@ﬂﬁéﬂbﬁﬂ)Eﬁ@c§f§&b@@§fyth%ﬁﬂﬁﬁiv€ aB¢ice 4 for
the magnet of the drive device 4 is nounted to the

v1bf:5?rghp“9§b3f%&htuﬁ@r3 exampl e, %o?ﬁdtﬁét{?ﬁb@{ﬂ%h”@eam in the

when an attractl ng aCtI on I'S generate
. drive devi n E serted I nt
texf et dgribr et FeSs e CTHERT DN EhBee F‘E‘d@r%%%]ﬂ?g Further,
close to the stationary nenber 7. In contrast, when a
they dpdVERi AGVaEei 6nlf sageneyatedn| RhenhBigstvaxdevbee 40 be more
the flow tube 3 is noved away fromthe stationary
spenifiber 7t Sisneerehgefl ew thise c@riterf ipoed ttient kef the straight
support portions 8, 8,
portion 9 of the flow tube 3 and along the flow path center axis.
Further, the coil of the drive device 4 is mounted to the stationary
member 7 and the magnet of the drive device 4 is mounted to the
flow tube 3 with, for example, a dedicated mounting member.
Here, whenanattractingactionisgeneratedinthedrivedevice
4, the magnet is inserted into the coil. As a result, the flow tube
3 is brought close to the stationary member 7. In contrast, when
a repelling action is generated in the drive device 4, the flow
tube 3 is moved away from the stationary member 7.
Since the flow tube 3 is fixed to the support portions 8, 8,
the drive device 4 is adapted to alternately drive the flow tube
3 in the rotating direction around a second axis S2 connecting the

support portions 8, 8 (an axis parallel to the horizontal axis).

Like thedrivedevice 4, eachof thepairof seconddrive devices

10



the drive device 4 is adapted to alternately drive the
flowtube 3 in the rotating direction around a second
axis S2 connecting the support portions 8, 8 (an axis
parall el to the horizontal axis) . Like the drive
device 4, each of the pair of second drive devices 10
5, 5 is equipped with a coil and a magnet. The pair of
5, Sechrdiudppesl wdehi xew 18, abda eaamenge@hsypmet rdfcakkynd drive
to the right and left of the drive device 4. In this
devarfeedisnent areharpanteafl sserend 1dbilve tdevheesightSaflCleft of
arranged near the apexes of the rising portion and
the Beibal kg Rout %oéhltgﬂ%@dﬂm Pt 8932 8F LBEond arive
 ow tube 3 and a ong the om1pat center axis o
l.ow e 3. the pair o econd . .
Olevt&rcle\/se 58ev§| cale}s 5arr5a éi]di rhear t‘[l%/ee Wevice © él@]‘ee rising portion
rran ed in a lateral row along the straight portion 9
andthet @liind Rebelan Oﬁuﬁbﬁeﬁtrﬁﬁéytap@r*é%%n%@cf &he flow tube
predetermned intervals. The respective coils of the
3 apdi alohgsetentl o ipsd Ideeindes aBis5ofrehevimeduae tthe In this
stationary nmenber 7. Each of the magnets of the pair
wayof thecenrd rdid Ve did el ive Hareca®unt edl 4 thee fdpiwe device
tube 3. The pair of second drive devices 5, 5 are set

4 a%% A% = 81 drd VN A ddkRhass, Vr‘iltc;hﬁa@ge ?n%‘(ec{]h gt defion 9 of

t e pair ‘of second drive device e drive

the %’loq/? élfllﬁeEGSSet g?l%e S to tthe )&Lé¥gnﬁrr%??19r§c¥$rse determined

each Thus en a REt7%n
. nerated in the pair of second drive devices 5,
J_ntgrvgﬁ

& ‘mafREE HE tHGrrdds ehibemnl kol secopd drive devices

result, the flow tube 3 is brought close to
5, 5 are mounted to the stationary member 7. Each of the magnets

of the pair of second drive devices 5, 5 are mounted to the flow
tube 3.

The pair of second drive devices 5, 5 are set so as tobe driven
in phase with each other. Further, the pair of second drive devices
5, 5 and the drive device 4 are set so as to be driven in a reverse
phase with each other. Thus, when an attracting action is generated
in the pair of second drive devices 5, 5, the magnets are inserted
into the coils. As a result, the flow tube 3 is brought close to
the stationarymember 7 (at this time, a repellingaction is generated
in the drive device 4). In contrast, in the drive device 4, when
a repelling actipn 1s generated, the flow tube 3 is moved away from
the stationary member 7 (at this time, an attracting action is

generated in the drive device 4). In this way, like the drive device
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the stationary nenber 7 (at this tine, a repelling
action is generated in the drive device 4) . In
contrast, in the drive device 4, when a repelling
action is generated, the flow tube 3 is noved away
from the stationary nenber 7 (at this tine, an
attracting action is generated in the drive device 4)
4, thd patihi 8 fweycohd kir the ddkiivesdeyiTerkladapt Be PRid1t¥rnately
second drive devices 5, 5 are adapted to alternately
dridei ¥Bet heofyl ewplube i3 ket e thotialy ng (didiechi on. As
stated above, the pair of vibration detecting sensors
6, e apted taq.detect a_phase difference which
75 B8 BoTt Ot S o bl B LTP e LLeh SEETRG: Db tepsors 6,
flow tube 3; each of themis _equipped with a coil and
6 age n%%‘?’n%’fe‘(ltBof‘g‘?ﬁ?%t\r%I%Ft%/ Het'epis e Byidthenys proportional
Further, the pair of vibration detecting sensors 6, 6
to tre Cariahpedisyemetadicald yrt Ghiehd lokwghtband: | efithoff them is
the drive device 4. In this enbodinent, the pair of
equippedt wbnhdat ectiilngnsleasangnet (Goarferar mangaddietweRitection
the inflow port side second drive device 5 and the
sysEEhYE deYHERef, At BEL VRSN ilg QUi QMQEEEni'sd&lsors 6, 6 are
second drive device 5 and the drive device (the
g . vibration, tecti sensars. 6, .. :
== QL BIOE IRk sl 6hnay be Ebholialh SRATPESEIN S R, cevice
the fl.ow tube .3 is vjbrated, nodes are generated; in
1. SR GRS e et Bait b Oy BLBFRbROHORBETEhgRy Sensors s,
sensors 6, 6 are arranged at positions deviated f rom .
6 apensyeEapandr RecHechetieeAnd lpor Podh cddeesgendichginigre device
the inf [ow port side second drive device 5 and a
5 ampdritheomcore espdrd Agahd bhewdenhvehdevitEldy @modt side second

drivedevice 5andthedrivedevice 4 (the arrangement of the vibration
detecting sensors 6, 6, however, should not be construed
restrictively). When the flow tube 3 is vibrated, nodes are
generated; in this embodiment, the pair of vibration detecting
sensors 6, 6 are arranged at positions devi'ated from a node generated
between a portion corresponding to the inflow port side second drive
device 5 and a portion corresponding to the drive device 4, and
from a node generated between a portion corresponding to the outflow
port side second drive device 5 and a portion corresponding to the
drive device 4. The respective coils of the pair of vibration
detecting sensors 6, 6 are mounted to the stationary member 7. The
respective magnets of the pair of vibration detecting sensors 6,

6 are mounted to the flow tube 3.
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f rom a node generated between a portion correspondi ng
to the outf low port side second drive device 5 and a
portion corresponding to the drive device 4. The
respective coils of the pair of vibration detecting
sensors 6, 6 are nounted to the stationary nenber 7.
The respective magnets of the pair of vibration

det et £ RE C2@NANS ﬁlom@e@éﬁom @ij §0ch ?dfﬂngﬂ’tto%l@he present

3. 12 Inthe Cori ol is Iomnetero the first

in 000K T2l oL LBERESI00L. L INEPLLON, LIS LESREELIE e covices
grlve geV|ce and the pair of vibration detecting
endbt §Y 1 dehive 4ana%‘5§|h@pP?éF§%PBﬁﬁtéﬁ§ dgterting sensors

require wiring (graphics of the wiring is omtted) of

6, gnhEpE @nl eRPbPRr pRLAtedi ght cand )a swtreghiown)yirisg (graphics
they are nmounted at predeterm ned positions on the

of shatwbnany inewhdrt téd)l aftdre F@or i el ksibheweigfe®litth@it) (not
first enbodinent, by nounting coils at predeterm ned

shcﬂz@ﬁ' LigfstaByt I?a%e SLALA Q0Rr Xtrg)%%rétérﬁﬁ]p%%ﬁ?d%l%ons on the

above, the influence on the vibration
st& %i S gaged a togh i
tth ed 3%1aIP H%é Corlolf%n?ﬁgvm?féq o]fstﬁéo JE 6f %he first
, dugﬁnt of the present |nvent|on does not deny
e G BPET ARG FRL 1 %.Eﬁe‘fiﬁée%%@ﬁin@%%t%%s on the
coils and the nmagnets are reversed (i.e., the coils
stafrionfutnenbed Ttarede sonibeBeb®vandcheénf hugnee ondrhe vibration
mounted to the stationary nenber 7) or alternated
of (theg.flovt Heukeoid iof nitei ghtied alevineeh das spositivbe. t o
the stationary nenber 7 and the magnet of the drive
devirge i4 s BRURbeddt enkhethbowotiBeis flowmeter of the first
embodiment of the present invention does not deny the adoption of
a structure in which the mounting of the coils and the magnets are
reversed (i.e., the coils are mounted to the flow tube 3 and the
magnets are mounted to the stationary member 7) or alternated (e.qg.,
the coil of the drive device 4 is mounted to the stationary member
7 and the magnet of the drive device 4 is mounted to the flow tube
3, or, conversely, the coils of the pair of second drive devices
5, 5 are mounted to the flow tube 3 and the magnets of the pair
of second drive devices 5, 5 are mounted to the stationary member
7, etc.). Although not specifically shown, in mounting the magnets
to the flow tube 3, a dedicated mounting member is used.

Regarding the operation of the Coriolis flowmeter 1 of the

present invention, it will be described below together with the

13



3, or, conversely, the coils of the pair of second
drive devices 5, 5 are nounted to the flow tube 3 and
the magnets of the pair of second drive devices 5, 5
are nounted to the stationary nenber 7, etc.)

Al t hough not specifically shown, in nounting the
magnets to the flow tube 3, a dedicated nounting

op&Esbesn b alﬁ@ﬁlofeﬁg@ﬂ@lw&gtbﬁ@ 10REF St d Oy 06 tg‘@cond embodiment .
Coriolis flowreter 1 of the present invention, it

o1 vy Seper el el QR NEL L e 18, 90RLE LiBoasment

of a Cor'i accor 6% “Sel0n

nbodi ment Next,.a Corjolis flomneter accordin
of FR6 REF SehbolMFERE 18R Whe! fited8RET f Roritt B T 9rmce to Figs.

described wth reference to Figs. 2 through 4. Fig. 2

Ihowiedta Coriolis fl owreter according to a second

enbodi ment of the present invention. of the draw ngs,

Fi 9.FiZi sZ ashpest aview oflias COYdwhésef| anaBlEing to a second

according to an enbodi nent of the present invention,

embdd W @ ShaghLebent fmbentype, flow tube is nounted
in a vertical plane. Fig. 3is a top view of the

Cor 'dnﬂ tﬁ fcl%isr ?‘Ii%en a? angong 'vie n%fFé % S‘:‘[ggslg‘g;lomneter

secti onal Vview, i ne near

he qgglolls f | ownet er homn in Fig . In Fi gs.
acqrailth FHEAT et RS YRR Lo b which 2
. second enbodi nent of the present invention includes a
Singlish Nsgely tuze dhPa predskile resimuniiedae 23v¢otital plane.
a casing, a single flow tube 24 accommobdated in the
Figasi g aa thp veldevw Cetl2s Gndicl i flowmeter shown in Fig. 2;

and Fig. 4 is a sectional view, as taken along a line near its center,
of the Coriolis flowmeter shown in Fig. 2.

In Figs. 2 through 4, a Coriolis flowmeter 21 according to
the second embodiment of the present invention includes a main body
22 and a pressure-resistant case 23 forming a casing, a single flow
tube 24 accommodated in the casing, a drive device 25 and a pair
of second drive devices 26 for driving the flow tube 24, and a pair
ofvibrationdetectingsensors27, 27 fordetectingaphasedifference
that is proportional to the Coriolis forces acting on the flow tube
24. In the following, these components will be described.

The main body 22 is substantially in a bilge-like shape with
a U-shaped section and an open upper surface. The main body 2 of
thisshapehasastructure resistant tobendingand torsion; connected

to its ends in the longitudinal direction (i.e., in Fig. 2, coincides
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of second drive devices 26 for driving the flow tube
24, and a pair of vibration detecting sensors 27, 27
for detecting a phase difference that is proportiona
to the Coriolis forces acting on the flow tube 24. In
the follow ng, these conponents will be described. The
mai n body 22 is substantially in a bilge-like shape

wibht Bhea 1%mae%§ﬁ&'%aﬁgpgﬁﬁop%g Suat[l%ﬁr?ﬁuﬁﬁfgw port side

The main body 2 of "this s as cture

resi.stant to, bendj and_torsion; conpected toits ‘

copfReT ARG B0 1A Tr dPPeECPBrogF L LS g CtBng portion
coincides 14 with the lateral direction of Fig. 2) are

29an Tht LowlpyrRost ¢é decepnBe et hga poratiiom 28 famg thg outflow port
outfl ow port side connecting portion 29. The inflow

s 1 gecongiedd iogmrect 1 ay2 panrts D28 and sttheestitb ll dwh pormtnunication
side connecting portion 29 are forned so as to

betwtahltileNiaearibrGald @he betaeesr et h8t®liPhoddt A NeFurther,
exterior of the main body 22. Further, the inflow

th@OkL F $hHeLGPPNEChE n@oﬂﬁ&%%?ﬁgééo??ﬁohhﬁ gOULH (EWEDSE;:flow port

si de connect | ng portion arcuate portions,

.peans of which it is ssible to _change the flow n _
s1dF IR 1S PRE THEReAT SR S FRAF S My STy Pdedeants of uhich
. Further, nmounted to the inflow port side connecting
1t pot (RGP 198 cart@ £henggt Fnewt poringder edhieetdihghe measurement

portion 29 are flanges 30, 30 for connecting, outside
flehe i A0bdegrees. eXuerthalr,f mownthesesd htlveighn fibdehport side
the neasurenent fluid flows. In this enbodinent, it

comset0ibg assiingd 28hahd e weaFuoanBpttfd i cdin@e iiny portion
fromthe left-hand side and flows out fromthe

29rdBbt e hances sile 96 FbP. c@nnEUEIRET  0AtB238 PhBt§a3d body 22,
is provided inside the

external flow tubes through which the measurement fluid flows. 1In
this embodiment, it is to be assumed that the measurement fluid
flows in from the left-hand side and flows out from the right-hand
side of Fig. 2. Further, a base plate 31 is provided inside the
main body 22 and in the vicinity of the upper surface mentioned
above.

The pressure-resistant case 23 has an opening portion mounted
to the top surface of the main body 22, and is formed in a U-shaped
sectional shape as shown in the figure. Further, the
pressure-resistant case 23 is thin-walled, and formed such that
the entire outer periphery thereof is of an arcuate shape. Despite

the small wall thickness, the pressure-resistant case 23 thus formed

ensures a very high level of pressure resistance; if the flow tube
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mai n body 22 and in the vicinity of the upper surface
nmentioned above. The pressure-resistant case 23 has

an opening portion nmounted to the top surface of the

mai n body 22, and is fornmed in a U shaped sectiona

shape as shown in the figure. Further, the
pressure-resistant case 23 is thin-walled, and forned

24 isUgBnbBat, the M ddfeed erripard phewngheneohghstind fAnw tube

arcuat e shape. Despite the small wall thickness, the

24 d%re%sﬁﬁ?’:gﬁfcs\gboyta%# Eﬁéqngﬁq tb% .&205{1{.@‘%11%@%%%@ lr@;vresistant

Very pressure resistance; 1f the flo
tube_15 24 i s damaged, the neasurenment fluid. flow . .
casg HAotiht T Troart o6 SABEESHOE or P oA Gprr e et s is fixed
mai n body 22 and the pressure-resistant case 23
to therme by Basky 8ad1ngPPTRETPPESIIR BT e SUSTaRE Welshi s | further,
fixed to the main body 22 by appropriate nmeans, such
the asasteldli Mgprrfad ifethe nhéncasdng 2 fardteobrelsurar-mesistant
body 22 and the pressure-resistant case 23, can

cas®r 9t ectat hgrsBe B POnti ARiAf pbReibhowmetee, f3uGheasr, such as
the flow tube 24. Further, the casing, formed of the

the ;@:cﬂég%\%}ét %% . apgd. Lhe Prt?tsfél'gﬁirrﬁf,i %@%cﬁ@%et%%ém%%n body 22

r
an 1 nert gas, Su dasS argon gas.

Hgﬁ filling of the casing with this inert . .
and (IR T OF CREThet P 1 bw Eber 2, Lt Liad gidIbaednert gas

The flow tube 24 is constructed of a bent tube mhi%%ﬁ_ . N
such @s 3yERBIYITal DM Rordepddt R aof thg cagiadsyERduhts 1ner

in Fig. 1 (which coincides with a vertical axis of
gas Fi gon@¢nsanhdnhas the &pewi igbpoltiorsc. tkabrieyented.

i nflow and outfl ow ports, supported by and fixed to

theThe flow tube 24 is constructed of a bent tube which is
symmetrical with respect to a first axis S1 shown in Fig. 1 (which
coincideswithavertical axisof Fig. 2), andhas two openingportions,
that is, inflow and outflow ports, supported by and fixed to the
inflow port side connecting portion 28 and the outflow port side
connecting portion 29. To be more specific, the flow tube 24 has
a gate-shape having a straight portion 32 and a pair of leg portions
33, 33 connected to the ends of the straight portion 32, and is
fixed to the inflow port side connecting portion 28 and the ocutflow
port side connecting portion 29 through the inflow and cutflowports.
The material of the flow tube 24 is one usually adopted in this
technical field, such as stainless, hastelloy, or a titanium alloy.

Measurement fluid flows into the flow tube 24 from the inflow

port on the left-hand side of Fig. 2 through the inflow port side
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i nfl ow port side connecting portion 28 and the outfl ow
port side connecting portion 29. To be nore specific,
the flow tube 24 has a gate-shape having a strai ght
portion 32 and a pair of leg portions 33, 33
connected to the ends of the straight portion 32, and
is fixed to the inflow port side connecting portion

cogﬁeéﬂﬂoﬁ L : ' h
R ough ERatir o ahef %ﬁakgﬁagég??%i%@%?% G dptt-hand
Iom; 4, S.ane, usuall ted t_hi .
si eclh ?c%?ég ? sucrh as sailﬁrhtly lr?&étjezinl ds&rhe right-hand

i tani um al | oy. _Measur enent f|UId floms into the flow
sidgb eem%h?lﬂh%%heﬁ%ﬁ PoPY1BA PHE LBFPUEANdhs| gutdflow port
Fig. 2 through the inflow port side 16 connection
on gdre irayh2s haawds sdquenmttite by tfllowspt ht oughe tdmennecting portion
| eft-hand side leg portion 33, the straight portion

2932, Trand1bheatigbbechand alsi dea loggr peritd w3 obefﬁ&e connecting
flowi ng out through the outflow port on t

poft Obt - @9ngoﬁtgﬁuBﬁsﬁped%HEEEQWsp%Hffi(¥¥CP$nﬁ%EEH8d with the

portion l'ow pat'h sectional "area ©o

port_si connect rt cont.i,nuous

seqbke PGttt e PASRht e  rind L SEChar tmopal area
EE the flow tube 24 The f|OM/path sectional area of

of 8QﬂﬂﬁhqufﬁﬁFlQP&@QﬂﬁﬁR&ﬁqR@rbb@p@&ﬁqnﬁlnuouslylncreases
continuously increases fromthe portion being matched

frog tthe persdeni baangaraiclosd thietHf [thw seagbéoRaluatéd ¢f the flow
is matched with the sectional area of the externa

tulfe v tinbél fhe sdmevehdawviiTienh 254 Seete oherl FRkbngf e external
flow tube 3 vibrate so as to nmake a vibration beamin

Fldw teiké ary vibrati on node and

The drive device 25 is one for making the flow tube 3 vibrate
sc as to make a vibration beam in a tertiary vibration mode and
is equipped with a coil 34 and a magnet 35. The drive device 25
is provided in the first axis S1. That is, the drive device 25 is
provided at the center position of the straight portion 32 of the
flow tube 24 and along the flow path center axis. The coil 34 is
mounted to a stationary member 36 provided parallel to a plane formed
by the flow tube 24. Although not specifically shown, an FPC
(flexible printed circuit) is led out from the coil 34, and is
connected to a board (not shown) fixed at a predetermined position
of a support column 37 described below. The magnet 35 of the drive
device 25 ismounted to the flow tube 2d with, for example, a dedicated

mounting member.
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is equi pped with a coil 34 and a nmagnet 35. The drive

device 25 is provided in the first axis SI. That is,

the drive device 25 is provided at the center

position of the straight portion 32 of the flow tube

24 and along the flow path center axis. The coil 34 is

mounted to a stationary nenber 36 provided parallel to

a plane formed by the flow tube 24. Although not

spediefticg athign ghewt r aat IFRG ci{ ¥k E lgea epritedeh theduiitve device

is led out fromthe coil 34, and is connected to a
25,bodedngnactshowny fhxedtas Bnips edet ergiilined .poskt EOAesult, the

of a support columm 37 descri bed bel ow. The nmagnet 35

flo‘?ftthf@Z@”l MEro v 8?0@5 t'ostﬂ'@§95€gof19r§/ﬁ%mfbelro3’\€ L u% contrast,

h, f or exanple, a dedicated nounting nenb

en an ttractln n n rated n. the
wh‘%r 65'26 sotafd SRr3bhiae. HROC ALk h o AENGE ALl Pi40%s, the
coil 34. As aresult, the flowtube 24 is brou

floy sdber ¢4 He SO oriatdy rfeiftiert fsee.sﬁthﬁmééten%o%e%G
a repelling action is generated in the drive device
25, ThirefloWolnhebe! 24 fsxadved Wvmyinffrlom phet side connecting
stationary nmenber 36. The flow tube 24 is fixed to the
poritibhods pand tgideuedmrecpbit spaetdaihed® iang ddreion 29, so the
outflow port side connecting portion 29, so the drive

drifevVhesige b8 SirdictiEes-&@ &5 4L +al 5§Ee§5§k¥19rayevéhehe flow
fl ow tube 24 in the rotating direction around

PR TN Aot a°r°'1@wftg%ge4%eo;s%los?:%2
in I&%Iez g{égq%%tgl)an rtgegnnzigl &aapor rz%:loln(%!ecttJ_(:)agt riaortlon 28
and the outflow port side connecting portion 29 (an axis parallel
to the horizontal axis in Fig. 2).

The support column 37 is mounted to the stationary member 36,
provided in parallel to the side formed by the f_low tube 24 itself,
is for wiring to the drive device 25, a pair of second drive devices
26, 26, apairofvibrationdetecting sensors 27, 27, anda temperature
sensor (not shown}, and is provided in the vertical axis of the
Coriolis flowmeter 21 which is the same as the first axis S1 shown
inFig. 1. Further, the sup?ort column 37 is arranged sc as to extend
across the interiorandexteriorof thecasing. Formedonthesupport
column 37 are a hollow support column main body 38 and a board fixing
portion 39 mounted to an end of the support column main body 38.

The above-mentioned board (not shown) is fixed to the board fixing

portion 39, and a wire harness (not shown) connected to the beoard
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The support colum 37 is nounted to the stationary
menber 36, provided in parallel to the side forned by
the flow tube 24 itself, is for wiring to the drive
device 25, a pair of second drive devices 26, 26, a
pair of vibration detecting sensors 27, 27, and a
tenperature sensor (not shomn) and is provided in
(n&beslhe S' 1) @l 18% uf?ftl{ltkfuga slu? fo'r%“@?ﬁﬁén%%a?ﬁ'l%‘dy 38 via

ane as t e fir

enS et S PRV GELTL S0 L mlranaet s9.88 tg

casi ng. Formed on the support colum 37 are a hol | ow
sealffhdrad ldiaimy vk Rhpodir @ Meramb s (bodr dhéwri gy resin molding
portion 39 nounted to an end of the support colum
or neie bokly. 38. The above-nenti oned board (not shown)
is fixed to the board fixing portion 39, and a wire

har ness {00t Showh hnaornected st eoheqhods GHEM M Figs. 2 and
shown) is led out through the support columm nain é§

3, %% \é' %étattlée §H8p95tff>9 éi' oge?% é‘pptoc{hh%mu ernglortlon of

IS part sea err Wth e W

not_sho b esi n.nol or the like. The
th% aé %,%/ ér% or e, Sgép hBwntPhR ﬁﬁaglogary member
3, as a plate, and is fixed, for exanple, to the
36 L}p?p@PtpélaﬁtéﬁuéﬁrlﬁhélBéﬁﬁd tpxar@lapmt. Jha39.isthéhe shape of
shape of the stationary nenber 36 is not particularly
thd istiateibnory @rter Jhats | spptder shepey oflesiiged according to
stationary nenber 36 is appropriately designed
thaeaUdidihdrit dhehdr dangemeel iefe bhe €hbvpadevbgesddond drive

the pair of second drive devices 26, 26, and the pair
dewiiced Drgit 108 del iDL SENSHF Syffration detecting sensors 27,
27. The shape shown in Figs. 2 and 3 is an example of the shape
of the stationary member 36. Instead of fixing it to the support
column 37, the stationary member 36 may be directly mounted to the
main body 22.

Like the drive device 25, each of the pair of second drive
devices 26, 26 is equipped with a coil 40 and a magnet 41. The pair
of second drive devices 26, 26 are arranged symmetrically to the
right and left of the drive device 25. 1In this embodiment, the pair
of second drive devices 26, 26 are arranged near the apexes of the
rising portion and the falling portion of the straight portion 32
of the flow tube 24 and along the flow path center axis of the flow

tube 24. The pair of second drive devices 26, 26 and the drive device

25 are arranged in a lateral row along the straight portion 32 of
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27. The shape shown in Figs. 2 and 3 is an exanpl e of
the shape of the stationary nenber 36. |nstead of
fixing it to the support colum 37, the stationary
menber 36 may be directly nmounted to the nain body
22. Like the drive device 25, each of the pair of
second drive devices 26, 26 is equi pped with a coi

thd0rppd a gnet. 4% ai f C e e|
26, 26 aﬁgga??angegrgggﬁgt;?ggp @§§ Qﬂﬁaﬁééﬁ ﬁg § %%%termlHEd

ln%&f\}apé thﬁled (fé;) ar d%' %%e.m%gnggt hy S %ar er 36.

of secon I Ve devic
exes of the rising portion and the fallln

Al’b‘b‘?‘%ﬁﬁgﬁlo&f SPRELIAFALGNL SHOPET G BBC bf LeREb e G iimsl circuit)

24 and along the flow path center axis of the flow

is tlre o4t Themphihe ofiseébndaddi e deuwheese@6to26hantboard (not
the drive device 25 are arranged in a |lateral row

shatong tlhe sta@ight qordnomd@zntdd 1 tires 0w tlee 244
Further, they are arranged at predeterm ned

i nt el i  ThE GRIdSAArake ARYALed be, the ﬂ@té%tg?d/ as to be

menber 36. Al t hough not speC|f|ca y Shown
4 (%ée [ cu %% out .fromthe
e kb Fa Bk PhE e B bhe - nogr ElhPln HenBray o Fgcond drive
d cjgnets 4 are mounted to the flow tube 24. The pair
eOCse e GBgi B84 VOGICTACH, €5 SRRE SR aSq Gshao be driven
drlven |n phase with each other. Further, the pair of
in gekeN@rae pPhasgevitbseash obhend tHerdrivetdevicddngsaction is
are set so as to be driven in a reverse phase with
dgerggatant Her théheaianoft $eachd ngr bed idevices Qaerat edhieNmagnets
the pair of second drive devices 26, 26, the magnets
41 are inserted into the coils 40. As a result, the flow tube 24
is brought close tothe stationarymember 36 (at this time, arepelling
action is generated in the drive device 25). In contrast, when a
repelling action is generated in the pair of second drive devices
26, 26, the flow tube 24 is moved away from the stationary member
36 (at this time, an attracting action is generated in the drive
device25). Likethedrivedevice25, thepairofseconddrivedevices
26, 26 are structured so as to alternately drive the flow tube 24
in the rotating direction.
As stated above, the pair of vibration.detecting sensors 27,
27 are structured so as to detect a phase difference which is
proportional to the Coriolis forces acting on the flow tube 24,

each of which is equipped with a coil 42 and a magnet 43 (to form

a velocity detection system). Further, the pair of vibration
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41 are inserted into the coils 40. As a result, the
flow tube 24 is brought close to the stationary
menber 3 6 (atthistine, a repelling actionis
generated in the drive device 25) . In contrast, when
a repelling action is generated in the pair of second
drive devices 26, 26, the flow tube 24 is noved away

I QN3FHY :

AR T BB o
he d ve deV|c e pair_of second, drive

angodFEbeST SR e il ated 2 5@1?0 FListirythe poir of
drive the fIOM/tube 24 in the rotating direction.

Vibraté@ndbhRCt ke sparer o vibt QFE@ﬁr@élg@Qbﬁ?@N%%h§@lesleft hand

27, 27 are structured so as to detect a phase
sidef fecende drhiveh desicer @portidonale tdo itvee dBoriica i2%5 and between
forces acting on the flow tube 24, each of which is

thedquiippedhwnich sa deOisle cbAda e i Feme@Ralc A3 ol ted BB drive device
vel ocity detectlon system). Further, the pair of

25Vi bpat 08,20 I‘ije&ﬁ% %o %%%ts %ﬁeféz ?c?%avrldjra{‘%ggon detecting

synnetrlcafly totherig and
5. b br at
seiEVEEL T hy Abiel ST3ERI%0 7 LPRY o TS Y BatHobRAERE FRES Of the
t-hand side second drive device 26 and the drive

flat:!v*ﬂé*ée A and pehheermbadigneighttheard 15 @ Eiduggion detecting
drive device 26 and the drive device 25. Further, in

sethpssenholll aearrrehgegaitrrod i Vi dnatievn adetidatdmgnode generated
sensors 27, 27 are arranged along the flow path center

beawksnod pdrecidd ewrttebgoddinbnté itk ealfedhapat siliBesecond drive

pair of vibration detecting sensors27, 27 are

dediEaNgEtL Rl PPIAH RS c@%\_‘.b%b%ﬂdfih%mt@ngﬁi@ PR ai&fice 25 when
flow tube 24 is vibrated, and from a node generated between a portion
corresponding to the right-hand side second drive device 26 and
a porticon corresponding to the drive device 25 when flow tube 24
is vibrated.

Each of the coils 42 of the pair of vibration detecting sensors
27, 27 are mounted to the stationary member 36. Although not
specifically shown, an FPC (flexible printed circuit) is led out
from each of the coils 42 of the pair of vibration detecting sensors
27, 27 and connected to the board (not shown). Each of the magnets
43 of the pair of vibration detecting sensors 27, 27 are mounted
to the flow tube 24.

In the Coriolis flowmeter according the second embodiment of

the present invention, the respective coils 34, 40 and 42 of the
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bet ween a portion corresponding to the |eft-hand side
second drive device 26 and a portion corresponding to
the drive device 25 when flowtube 24 is vibrated,

andf romanode generated between a portion

corresponding to the right-hand side second drive
device 26 and a portion corresponding to the drive

paﬁﬁvc;ﬂ%e%%n\emrhfvleowew%%s%a i sgvi Prated; yEagh Qe e and the

coils 42 of the pair of vibration defecting sensors

pag%)ﬁ W%UQ%E%FE élsensst%at I Sgar2y7 lﬂ%nb(%h aéggzbci:%rlate weight

r|nted C|rCU|t) is |l ed out fron1each of the coils 42
an%ﬁlﬁﬁée&éﬁlrreo‘flw%‘ﬁ affiBhFBet setiRy 3ERFIG tegiat pyegrgermined
connected to the board (not shown) . Each of the
posmlghents on3 tdfe t heapadnany wiehbatr oht det Byt mogurdamspreoils at
27, 27 are nmounted to the flow tube 24. In the
pr&ds i enisn dd Qweet ©f oree Gt ditrg st isecond remedi BNk sOlescribed
the present invention, the respective coils 34, 40 and

abcf‘\?e Ofid he,2ERai 1%f ffl%%ﬂl%‘%eqr L8 JeMirtPEne0 s efBrdl Bebodiment

dri've device 25, and the pair of vibration detecting

of St.el'pes%r e7rlt 2J_7mpav1glglﬂp‘ép&égf{llﬁg§gg¥\g %uEP%gg sraglon of the

reqU|re W TT ng ot
redet erm ned ositions on the stationary nenber 36.
flﬁﬁy ‘L‘rﬁhﬁn%gl%dvf%l%% Lo &3 JhaF ﬁ@dp%silﬁ(sns on the
stationary nenber 36 as descri bed above, in the
Cor ildl iis tpokperetedcdurti rig tthe Socdnd isnodimeher agcording
the present invention, the influence on the vibration
theoketbhad démiovdinbet 24 ithergbtée:g@ﬁ’edtrﬁ&ﬂmiﬁn,astpils‘»%ilk-zlcﬁpossible

to adopt a structure in which the mounting of the coils and the
magnets are reversed (i.e., the coils are mounted to the flow tube
24 and the magnets are mounted to the stationary member 36) or
alternated (e.g., the cbil of the drive device 25 is mounted to
the stationary member 36 and the magnet of the drive device 25 is
mounted to the flow tube 24, or, conversely, the coils of the pair
of second drive devices 26, 26 are mounted to the flow tube 24 and
the magnets of the pair of second drive devices 26, 26 are mounted
tothestationarymember 36, etc.). Althoughnot specificallyshown,
in mounting the magnets to the flow tube 24, a dedicated mounting
member is used.

In the Coriolis flowmeter according the second embodiment of
the present invention, a temperature sensor (not shown) for

temperature compensation of the Coriolis flowmeter 21 is mounted
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It is to be noted that, in the Coriolis flowreter

according the second enbodi nent of the present

invention, it is also possible to adopt a structure

in which the mounting of the coils and the magnets

are reversed (i.e., the coils are nounted to the flow

tube 24 and the nagnets are nounted to the stationary
Corhief 136) tope 24 twerategrb{cpiatd heeatnil Ob bbemérévepecific,

device 25 is nounted to the stationary nmenber 36 and

theheefpgratuek tbesdii (Bo#e¥hefn?dikSnoREogedsed P é?@mple, near
flow tube 24, or, conversely, the coils of the pair

thef neecond dei VI.LES; t o the flow
BT R PRt P orof a5 TRUF St s webion 25,
j 6. . . tag.th tati b
gt Lo S BRSSO AR e 100 one
mounting the magnets to the flow tube 24, a dedicated
frﬁﬁuﬁb?ngemﬁéﬁﬁéﬂrﬁs5@§§@IIh$1QQ@HaﬂﬁaﬁiEpfﬂhﬁMhﬂ&rd.
accordi ng the second enbodi nent of the present

i nvehhitdrg Cartempertanwme: sensdrtH{en6t rshambodioient and Coriolis
tenperature conpensation of the Coriolis flowreter 21

£ 1osmEbeRlEi e skeohBeed QN dihea ddo Wit AgaRPFPp-akent invention,
means. To be nore specific, the tenperature sensor

whféﬂohe§gﬁ¥‘@%eh§ yoheds £onsexampl ey wrr]e@{roﬁ@?eotﬁg)erzgloonw tube 3

ixed to the inflow port side connecti ng por

e 4l o RSB ur b e bEnLSER ik o secona
d to the board. In the Coriolis f |owreter of the f irst
PLHB SR TS and® Cdtorird verde biet2er apfl thr Peddond second drive

enbodi nent according to the present invention,
devices 26, 26) are driven such that attracting/repelling actions

are alternately repeated in succession, the pair of second drive
devices 5, 5 (the pair of second drive devices 26, 26) are driven
in phase with each other, and the pair of second drive devices 5,
5 (the pair of second drive devices 26, 26) and the drive device
4 (the drive device 25) are driven in a reverse phase with each
other. The pair of second drive devices 5, 5 (the pair of second
drive devices 26, 26) and the drive device 4 (the drive device 25)
are driven, so, as indicated by the solid line and the dashed line
ofFig.S,theflowtubeB(theflowtube24)makesakmndingvibration
with a vibration beam in a tertiary vibration mode.

In Fig. 5, a point Drl indicates the arrangement of the drive
device 4 (the drive device 25), points Dr2 and Dr3 indicate the

arrangement of the pair of second drive devices 5, 5 (the pair of
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when neasurenent fluid is caused to flow through the

flow tube 3 (the flow tube 24), and the drive device

4 and the pair of second drive devices 5, 5 (the

drive device 25 and the pair of second drive devices

26, 26) are driven such that attracting/ repel ling

actions are alternately repeated in succession, the
seqaid dfivedend cesi €, déVi casd jyont(d Opaind ebh2séndndate the

drive devices 26, 26) are driven in phase with each
arifineran@ it keeP@ari rob rseeord tdbhv8e#eviees Bensdrkt B ¢ (the

pair of second drive devices 26, 26) and the drive

devi ; dri i,C r riyven i . "
P e ot THas e Che SaEh JofRaE T g et ot SeRdg ©' =nd O
._drive devices 5 5 (the pair of second drive devices
lnéﬁfa%ﬁnvﬁﬁﬁﬁaﬁ%9cﬂ? device 4 (the drive device 25)

are driven, so, as indicated by the solid Iine and the

dastd® | i) &homisgths, bendingowi bupsign(vadorisw efibkhe flow

24) makes a bending vibration wth a vibration beam
tuben 3 (ttdwet ifdoyw viubeaRidonvikbdet ihg BsgdeScrabpdi abobel. In FIG.

i ndicates the arrangenent of the drive device 4 (the

6 (Wir,i vaedevirae13%) fopeklt atDpdiand Po3 hAdi p@beatdeindicated by
arrangenment of the pair of second drive devices 5, 5

ar ME?MQ@BEr@gpgﬁdéﬁegqgﬁ%g%%@P%g¥h£@§ig§atgg%dﬁ%@%ﬁéngSensors

points POl and 202 in _ arrangenen

6, Bl e LR AELSEADS SNRR08, S8 {81 Py 1 .

indicate vibration nodes. FIG 6(a) shows the bending
6 (&)i-brati on velocity of the flow tube 3 (the flow tube

24) vibrating as described above. In FIG
It is to be noted that from the difference in Coriolis forces

betweenpoints POl and PO2 {PO1 - P0O2), themass flowrateiscalculated
{output signals from the pair of vibration detecting sensors 6,
© (the pair of vibration detecting sensors 27, 27) are converted
to position signals by a converter (not shown) to obtain the phase
difference and display the mass flow rate).

As described above with reference to Figs. 1 through 6, each
of the Coriolis flowmeter 1 of the first embodiment of the present
invention and the Coriclis flowmeter 21 of the second embodiment
of the present invention, has a simple shape and can be provided
at relatively low cost; it is driven in a tertiary vibration mode,
so it is also advantageously resistant to disturbance vibration.
Further, in the Coriolis flowmeter 1 and the Coriclis flowmeter

21 of the present invention, as compared with a mass flowmeter (a
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6(b), the Coriolis forces at points Pal and P02 are

indicated by arrows in correspondence with the pair

of vibration detecting sensors 6, 6 (the pair of

vi brati on detecting sensors 27, 27) shown in FIG

6(a). It is to be noted that fromthe dif f erence in

Cbriolis forces betmeen poi nts Pal andP02 (Pal -P02),
SS fLOM/rat

al cul at ed éoutput signals_from
O TN b P2 b D Stlec G SEABORICH: PIBE (¢ heerond drive
pair of vibration detectln sensors 27, 27) are
devbpReried igositt E@ﬁogrig%awebyleaiceﬁv%@x et6) ot used in the
shown) to obtain the phase difference and display the
rresast filroentate) exAstdasdr i hadh atove, W tther éf evrendevi©s 4, (the
Figs. 1 through 6, each of the Coriolis floweter 1

dr Dfe tdev { && st 5 embodi 88A1 Qﬁetb§b95€§gﬂt f'EM@nEHBQ %ﬂge 3 (the
the Coriolis flowreter 21 of the secon enbodi nent  of

fléﬁQJﬂ;egqnt%E ?%%ﬂfE? gﬁgaﬁcos gggr?ng ank%%us, it is

provi Ive |ve In a

tertiar brati o SO it |s also advant ageousl y ,
aavgitafidns ] Qﬁ%gtl&flb%%é’eop EBin FhAbICpb e i quh the pair

Coriolis flowmeter 1 and the Coriolis flowmreter 21 of
of vherptésardetavehty 6enses sconpar Blewiair af vdwation detecting
flowreter (a 24 conventional nmass flowreter) in which
semspsuch/ pa@t) of second drive devices 5, 5 (pair of
second drive devices 26, 26) as used in the present

| NVerdxdton @Xl§érfwﬁh$f1ﬁMBwﬁbﬂ%&lYabagrgﬁhge1§?V%%§lﬂ. another
(the dri ve device 25) is used, the vibration of the
emdd P83 Hd Pesent invention will be described with reference
to Fig. 7.

Fig. 7 shows a Coriolis flowmeter according to a third
embodiment of the present invention.

Of the drawings, Fig. 7 is a front view of a Coriolis flowmeter
according to an embodiment of the present invention, in which a
single bent tube type flow tube is mounted in a vertical plane.

In Fig. B, a Coriolis flowmeter 21' of the third embodiment
of the present invention only differs from the Coriclis flowmeter
21 of the second embodiment described above in the arrangement of
thepair of vibrationdetecting sensors 27. That is, in the Coriolis
flowmeter of the third embodiment of the present invention, the
pair of vibration detecting sensors 27, 27 are arranged between

the left-hand side second drive device 26 and the inflow port on

the left-hand side of the flow tube 24 and between the right-hand
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flow tube 24) is advantageously far nore stabilized.

Thus, it is advantageously possible to obtain stable

signals through the pair of vibration detecting

sensors 6, 6 (the pair of vibration detecting sensors

27, 27). Next, a Coriolis flowreter according to stil

.anot her enbodi ment of the present invention will be
Slgesefraed & ive raswrengé and Hig.out.f Iwportshowsha right-hand

Coriolis flowreter according to a third enbodi nent of

sitlRecpr ékentf lionvemnbieo4 .Of the drawings, Fig. 7 is a
front view of a Coriolis floweter according to an

embodh paMs f-ttiRg @cEfP@lBtf tiHWeAT | B%'vii&éé\gi.@ﬂdgtecting sensors

singl e bent tube type flow tube I s nount

vesdi I ~kn Fig. 8, a Coriolis flowreter 21' of
27 héeJ; tﬁ%laér g%é%‘g(;%éil rli%gn &oﬂ‘tjt%éaﬂ Seiher r:?\ff-gnt FBRCBNl§ fixed, for
difiers fr%glthe riolis floweter 21 of the second
SXElBol nEntt Gt R T Bed HBelBOF & 1PRe3 Ar r AhgeRBft (Dlexilhbe printed

_pair of vibration detecting sensors 27. That is, in
Clipelbhriefigutffowmetach off tthe tduirld enbadiemeat rofoft Rebration
present invention, the pair of vibration detecting

detentbng 2dns@isa® @7 asgednhetweantot fige lddrdandyrther, the
si de second drive device 26 and the inflow port on

eatheof efdgrhangd o C’&%eof)aﬂ‘eofl&%f%ﬁo@%%&é@’%ﬁ&%é&% 27, 27

ri ght-hand 25 side second drive device

th ' -hand jde.of the fl t ub ,
o~ YRt L e P 502 B IR e

etecting ,sensor , .
memnpbers. rl.glke t?le gorlolls flowmeter 1 of the first embodiment and

the Coriolis flowmeter 21 of the second embodiment described above,
the Coriclis flowmeter 21' with the above structure can be
advantageously provided in a simple structure and at relatively
low cost. Further, in the Coriclis flowmeter 21' of the present
invention, as compared with a mass flowmeter (a conventional mass
flowmeter) in which no such pair of second drive devices 5, 5 (pair
of second drive devices 26, 26) exist and in which only the drive
device 4, (the drive device 25) is used, the vibration of the flow
tube 3 (the flow tube 24} is advantageously far more stabilized.

Apart from this, it goes without saying that the present
invention allows various modifications without departing from the
gist of the present invention.

While in the above description the flow tube 3, 24 is formed

in a gate-shape, this should not be construed restrictively; it
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27, 27 are nmounted to a stationary nmenber 36', which
is fixed, for exanple, to the board fixing portion
39. The FPC (flexible printed circuit) |ed out from
each of the coils of the pair of vibration detecting
sensors 27, 27 is connected to the board. Further, the

isedcdt ofodrmgiet £ ofadohe pabenef +ybbratian 4etieGt, N
sensors 27, 27 are Eﬁhntednto t he flowtubel24ﬂ'gs ape, such

t hreugh, i.nter iation of. nt i.n nbers.. Li.ke.
ast%é?CbrH%??sé§%im&ﬁgﬁgief’oﬁgPﬁgp f?g%g%ﬁgggﬁngﬁ§cgﬁ§%lon only
the. Coriplis flo ter 21 of the second enbodi nent
On%eggfv%e UBBove, “fhetToPFBfirs Filbinsterlsh noft g heonstrued
above structure can be advantageously provided in a
regiRptel st bucthi e sad sat ppebabileety useowwostlowdubeer arranged
in the Coriolis flowreter 21' of the present
inipamentleh, as conpared with a nmass flowreter (a
conventional mass flowneter) in which no such pair of
second drive devices 5, 5 (pair of second drive
devi ces 26, 26) exist and in which only the drive
device 4, (the drive device 25) is used, the vibration
of the flow tube 3 (the flow tube 24) is
advant ageously far nore stabilized. Apart fromthis,
it goes without saying that the present invention
all ows various nodifications without departing from
the gist of the present invention. Wile in the above
description the flow tube 3, 24 is formed in a
gat e-shape, this should not be construed
restrictively; it 26 is also possible to adopt a bent
tube of an arbitrary shape, such as a U shaped one.
Further, while in the above description only
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one flow tube 3, 24 is used, this should not be

construed restrictively; it is also possible to use

two flow tubes arranged in parallel. 27 CLAIMS 1. A

Coriolis flowreter characterized by conprising: at

| east one flow tube constructed of a bent tube of

asymmetrical shape with resBect to a first axis and

supported at both ends by %'%E%%ort portion having

i nflow and outfl ow ports; a drive device for

alternately driving the flowtube in a rotating

di rection around a second axi s connecting positions

suppdr t 2dCbyibhé ssdppent tper thataat ctrhe oty erder iantg:

a pair of vibration detecting sensors nounted at

SYMEt Nl orROS1 bi lQdd @, f i ;

dgvice, for detec%?gg%gdﬁﬂ%ﬁi%ﬁon hg%?%€%51%%§%g5é@ﬁmetrlcal

| f c i S, . proporiio to riolis, or.ces

Shgic)tgiﬁ%ggnﬁte%‘gé[ﬂtogvot%b%g% ar’act et esd‘q?%mi%eacg 2% ﬁ:’é:’th ends by

drive device.is provided in the first axis, and a pair
2 SPPEGELHOGFL0B Heviibls 1RSToU! GBRNSUSIT Ot PORHG it ho

flow tube in_ the rotating direction are further

provd dédlapddavécar fangadlarnasghmetrivahgpobkt fdny tabe in a

the right and left of the drive device; and the pair
ropftsegond rrdhierdexroesdare decved akiphasennméditi@chositions

other, with the drive device and the pair of second
suﬁpmﬁeefiﬁmyceﬁe bebperdriyenibA acr euer sethhasgsw Lhg

each ot her.

a pair of vibration detecting sensors mounted at symmetrical
positions to right and left of the drive device, for detecting a
vibraticnhaving a phase diffempnce that is proportional to Coriolis
forces acting on the flow tube, characterized in that:

the drive device is provided in the first axis, and a pair
of second drive devices for alternately driving the flow tube in
the rotating direction are further provided and are arranged at
symmetrical positions to the right and left of the drive device;
and

the pair of second drive devices are driven in phase with each
other, with the drive device and the pair of second drive devices

being driven in a reverse phase with each other.

2. A Coriolis flowmeter according to Claim 1, characterized

in that the pair of vibration detecting sensors are arranged between
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2. ACoriolis flowreter according to Caim1,
characterized in that the pair of vibration detecting
sensors are arranged between 28 the drive device and
the pair of second drive devices. 3. A Coriolis
fl ommeter according to Caim1, characterized in that
air of vibration detecting sensors  are arranged
thBetRER o o

f dEN&CselBAd tfi P ldeilc 65558 K 13 ces .
portion having the inflow and outflow ports. 4. A
Coriolis flowreter according to any one of Clains 1
through 3, characterized in that the flow tube is

for ned A Car igelies SNapene thavibkgoadshiatght 1 pokti ortanticterized
a pair of leg portions connected to the both ends of

inthgSthai 9 r BerS 119 + andbhe i, ?escgﬁé’bfg a@%darfﬁlgged between

pair of second drive devices are arranged al ong

t ti ol ing to .
e Pelid PR % APELGRS BPERAFaRrEF SBA TR The > inTlon
each of the pair of vibration detecting sensors is
an@qﬂPEBéamePEtﬁ coil and a magnet, the coil is
provided on a stationary nmenber parallel to the flow
tube, and the nmagnet is provided on the flow tube. 29

4. ACoriolis flowmeter according to any one of Claims 1 through
3, characterized in that the flow tube is formed in a gate-shape
having a straight portion and a pair of leqg portions connected to
the both ends of the straight portion, and the drive device and
the pair of second drive devices are arranged along the straight

pertion.

5.ACoriolis flowmeter according to any one of Claims 1 through
4, characterized in that each of the pair of vibration detecting
sensors is equipped with a coil and a magnet, the coil is provided
on a stationary member parallel to the flow tube, and the magnet

is provided on the flow tube.
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