;e3e: Vt 6T/ DESCRI PTI ON FLOW REGULATI NG VALVE, FLOW RATE MEASURI NG DEVI CE,
FLOW CONTROL DEVI CE, AND FLOW RATE MEASURI NG METHOD Techni cal Field The
present invention relates to a flowregulating valve, a flow rate neasuring
device, a flow control device,
particular to a flow rate neasuring technique or a flowr ﬁ ,wmmm%g
techni que, which is preferred where a butterfly valve is used kground
Art Cenerally, a butterfly valve has been known in which a Ia e sha ed
val ve el ement rotating around an axis roughly orthogonal tﬁWluﬁWMWWM@m
fl ow channel direction is rotatably conmposed with respect ng
thereof. The butterfly valve is constructed so that it can comgood«its fl ow
rate by the val ve openi ng degree of the valve elenent. A nethod for
measuring a flowrate and a nethggsggﬁpggaﬁrolling the flow rate, for which
such a butterfly valve is utiliz are described in Japanese Unexam ned
Pat ent  PulildveRt60NaNonG MaiLvE, IFAGPY BaTEMEA Y beetcen Fiidw ¢onerscri bed
that the dynam c torque of the val ve el enent of the 2

DEVICE, AND FLOW RATE MEASURING METHOD

Technical Field

The present invention relates to a flow regulating valve,
a flow rate measuring device, a flow control device, and a flow
rate measuring method, in particular to a flow rate measuring
technique or a flow rate controlling technique, which is

preferred where a butterfly valve is used.

Background Art

Generally, a butterfly valve has been known in which a
plate-shaped valve element rotating around an axis roughly
orthogonal to the flow-channel direction is rotatably composed
with respect to the housing thereof. The butterfly valve is
constructed so that it can control its flow rate by the valve
opening degree of the valve element.

A method for measuring a flow rate and a method for
controlling the flow rate, for which such a butterfly valve
is utilized, are described in Japanese Unexamined Patent
Publication No. Hei-7-174596. In the publication, it 1is

described that the dynamic torque of the valve element of the



butterfly valve is detected, and the flowrate of a fluid passing through
the butterfly valve is neasured on the basis of the dynam c torque and the
val ve opening degree. In addition, a control systemis al so descri bed,

whi ch controls the val ve opening degree of a butterfly valve on the basis
of the flow rate neasured as descri bed above. On the other hand, an orifice
flowrate nmeter has been known as a technique for neasuring the flow rate
of a fluid, which detects the fluid pressure at the upstream side of an
orifice and the pressure at the downstream side thereof and cal cul ates the
flowrate on the basis of a difference between the upstream fluid pressure
and downstream fluid pressure. However, in the flow rate neasuring nethod
or flowrate controlling nethod of a butterfly valve nentioned in the
above- de ' ' 1.0 ' nam [ i ve

el enent ?Dglcr:e# \%SIW%W%%S Ic%t élt%ccgfe%ggtte ,ﬁg%l‘%;gggegdg?%ﬁhéggﬁlﬁs

recei ved d,omde rid wuqtt%%tlg betoe tQ hhesteeduen end LAsparsecuhar, the
dynam c torque is radically decreased where the val ve opening degree is in
a nearly dysdni cheseficoarfulthy operesbakainfuathete.sincedbbeidynasi c
torque to be detected is a torque oriented in the sane direction as that of
openi ng aghtdddsisngtmveinerdl of ddecwibed, ellei@ntcontrobs dihiéi calteto
detect only the dynam c torque received from3 the fluid. Therefore,
sensi ti vidperdandy aegurescy fareblhioher dhgred hve her ehies basgrsobifethient i but ,

al t hough the nethods can be used for fluids having al nost the same specific
gravity asthateasfuned ers drassurEerabdecones difficult as the specific
gravity is smaller. Also, there is another problemin that, since it is
necessary to depethetpbhepera®y @ WidsiGRy ftlomgdetandetre BpRahfent or que
of a butterfly valve with the_torque separated fromeach qther, the

det ect i g HRHNSS & EERBPHCRECHOT TECE HAX Lot 1o yg,l%éa&ﬁ elee Fronirat e

met er does naqt ve .t he .abque-.descri bed prqblens since the.flow.rate is
Teasur ed HNGH TS U {1 ar s DrEece = o aF o e RaPe St oaPtl Fanot her

bl in g t | ' he . dyesto th
probi em IC!(}?lf'laée alt}ﬁ gceﬂ,es%rétéﬁmrie tQ he 43098tk ahNe 1 HkOMHELE Hﬁ?hg €

di anet er an or er, at a pressure neasuring polnt at

downst r eam s gdeat 44 eneq Phtd J Wind pWBkShot & Brieduced Rf Lerwkbbg fluid
passed through an orifice, nakes data unstable, and in particular, where

the diffefientisdt fEasSET el d Sohd Yurdinsi@bidvd - faflet Beid asr Sodard s furt her
increased. In the worst case, neasurenent itself nmay becone inpossible. In

addi tion, sincEowkvies,neaestsarfjldwirage neabueen|ostiied e mmetiew tatbe
provided with two pressure-detecting portions at the upstream side and
downst r earostdel Liher metbod prfold eputhethay wheé vet megttuirenddrimesbeari ng a

flow rate cannot be constructed to be conpact. . .
above~described publication, since the dynamic torgque which

the valve element receives from a fluid is detected, only a
part of the stress received from the fluid contributes to the
torque, and in particular, the dynamic torque is radically
decreased where the valve opening degree is in a nearly fully
closed or fully open state. Further, since the dynamic torque
to be detected is a torque oriented in the same direction as
that of opening and closing movement of the valve element, it

is difficult to detect only the dynamic torque received from



4 Di sclosure of the Invention It is therefore an object of the invention
to provide a valve structure, which is capable of detecting a flowrate
therein and is able to carry out flow rate neasurenent of higher
sensitivity and accuracy than in the prior arts, a flow rate neasuring
devi ce using the valve structure, or a flow control device using the valve
structure. A flow regulating valve according to the present invention is a
fl ow regul ati ng val ve, which has a val ve el enment operably disposed in a

fl ow channel and is capable of regulating the flowof a fluid according to
t he val ve opening degree of the valve elenent, is characterized by
conprising a stress detecting neans for detecting the

fl ow channel -direction force conponent of a |load applied to the val ve

el ement %e;]gﬁﬁiaviﬂe@%&,v@ém@pﬂwgﬂ%&&é@ gELING,, "BROS QT

detecting t egree of opening of the valve elenent. According to the

i nventi onphdhe ifdl QWb 8BUERL L AGL VA Ve I h Al ildRd mekhibga ehheps debgcti ng
nmeans for detecting a flow channel-direction force conponent of a | oad
appl i ed t ke wakvRaelegentindyt aHd Wafle apdct hecaprdwispord ngatosce
conponent is subjected to alnost the entirety of a part, resulting froma
di f f er entweelepr esagiue cokntthbetbmed defHiceubnd s theatperifhe gnhvetel enent,
of the load applied to the valve elenent by the fluid. Therefore, the

det ect ed Malswe liltegsl Albecohbsrkat geanetizgr inratheempriinothatt sénhedst and at
the same time, the detected value hardly depends on the val ve opening
degree, vienecesisarivstpodeiete the ebeailnJaandl GoTOr dFehd A§ct bha
differential pressure between the upstream sjde and the downstream si de of
the flow GRS TG WG 06 ittt teFtrivcVahvesentsh tGhs Lprang aearFatsd

Accordingly, for ex | e, the flow requlating valve is appljcable to any
fluid suchHds A5 d&q:ge%r Y S H‘besarésgslrfalqoé?p qc}'c gravity than

t hat of ter. A it Te . t '
Lorque in . di PecErBn PRAEAEY” oo e AR CR £ ASRnb bach SEPRGoAPFehbron of
th | [ NP W fi.Gl thagt t
or ent ed Th e AP Se TR AT e T Lo SHaniel P and LR el bhrrBn St | s

hardly infduenesd Py ddefpen fge andr&| AslBge Ppehatieonss©f11 haovakye
el enent. Therefore, it is possible to further 1 ncrease the detection

accuracy,pasisiL @ irheha@nehét&Bis it 1hRcenes prssbbbe 60 el rbhe
structure of a detector and of a calculation process . In addition, since
it is notdnecessanhy tidaobtarnod dirf feariehitdeal Ruresser e oy sepeetbnge
differential pressure at two points as in the flow rate neasuring technique
utilizi ngremswerifg eeintfeatdrist dowhistsheenns bée midebvdepact of andlindi s
possible to lighten influences . o

which is produced after the fluid passed through an orifice,

makes data unstable, and in particular, where the differential

pressure is high, unstability of detection data is further

increased. In the worst case, measurement itself may become

impossible. In addition, since it is necessary for an orifice

flow rate meter to be provided with two pressure-detecting

portions at the upstream side and downstream side, there is

a problem in that the structure for measuring a flow rate cannot

be constructed to be compact.



6 resulting fromfluctuations in pressure due to turbulence, etc. , which
is produced after a fluid passes through the orifice, wherein a stabilized
detection figure can be obtained. Further, a stress detecting neans
referred to in the present invention w dely includes those that are capabl e
of obtaining an output corresponding to the above-descri bedforce conponent.
Therefore, the neans may be not only a neans which outputs the

fl owchannel -direction stress f applied to the valve elenent by a fluid but
al so a means which detects a flow channel -direction displacenment anount
conpati ble wththe corresponding stress f and a fl ow channel -direction
strain anount conpatible thereto . However, it does not include a neans
that detects a torque in the rotation direction of the valve el enent.
Herein, a flow channel-direction force conponent of a |oad applied to the
valve elenment by a fluid is a stress and/or pressure directly resulting
froma diffenenti@ 4 essrgwhdig fluid before and after the valve
elenent, and is featured in that it hardly depends on the viscosity and

vel ocity of thetflyi dherctbeevahvebopeni bg €eareevedt son té psoaiderce
conponent applied to the entire valve elenent in the flow channel direction
but is did fenert stramtarepnphhent i sucdpasl ¢ hef dgrtamitd nigorngqigoappited to the
val ve el enent. Al so, the val ve opening degree detecting neans w dely

i ncl udes tHwseimhndhi saaklaliecaorpbidi ilaw mitgpueashir ehenvalfviei gheni ng
degree . Therefore, it is not limted to a neans that outputs the valve
openi ng deRyrsie 1wty tehrel means apy thanalnelhe ahiar dettsot ¢ Aleothatag angl e,
novi ng di stance, drive pressure, screw feed ratio (rotation angle), etc.,
whi ch ar deasia hIie viset Relvgl Wie sigeiiengtaugEBES, |9F tohé LpHeS@RErPhvent i on,
it is preferable that the above-described valve elenent is constructed to

be rot at &M E G G- i @ s i et s the above- descri bedf| ow channel

Aflowregulatingvalve according to the present invention
is a flow regulating valve, which has a valve element operably
disposed in a flow channel and is capable of regulating the
flow of a fluid according to the valve opening degree of the
valve element, ischaracterizedbycomprisingastress detecting
means for detecting the flow-channel~-direction force component
of a load applied to the valve element by the fluid, and a valve
opening degree detecting means for detecting the degree of
opening of the valve element.

According to the invention, the flow regulating valve
is provided with a stress detecting means for detecting a
flow-channel-direction force component of a load applied to
the valve element by a fluid, and the corresponding force
component 1s subjected to almost the entirety of a part,

resulting from a differential pressure of the fluid before and



direction. Were the valve elenent is constructed to be rotatabl e around
the axis intersecting the flow channel direction of fluid (in a case of a
rotary valve) , although the val ve openi ng degree of the valve el enent
changes in conpliance with rotations, the above-described stress detecting
means is conposed so as to detect a flow channel-direction force conponent
which is not directly influenced by rotations of the valve el enent, whereby
i nfluences due to the opening and cl osing operations of the valve el enent
are reduced to increase the detection accuracy, and the detecting nmeans can
be sinply constructed. In the present invention, it is preferable that the
above-descri bed stress detecting neans includes a detector which is able to
detect a force, relative displacenment or a rel ative strain between the

above- de%cfﬂeﬁlegh%(%]a‘i%eeéﬁéﬁéﬁt Op £& HEBTHEH a%b’i%@daéo tRastalive LDement
above-descri bed t

| ow- channel direction w respect to the above-descri bed
val ve el efippte andia. RBLTFd rhitai 4Ot &t 8bl ¥a20d 1®6ealf e &RROT 4 8gb he
above-descri bed val ve el enent or a nenber fixed at least in the
f1 ow chariiein ghreet p oo watrh espedd, badtdte thergaspomde nghodst 8gteduch a
detector can be easily attached by only slightly nodifying the conventi onal
val ve st ruchur éhandigr depenbe shrtice waelof dugenivel dedirsenowhampepessari |y
conplicated. In this case, a portion detected by the detector is not only
at the valv@osisdwart Lourbia gp a Halval verresordaxy dlo suppbferagtbatti on
whi ch supports the valve elenent. In particular, it is preferable, in view
of a | owRTRFUEE PREVERD LA FIERA isdder rbfh BT sdiiean §3rsget
operations of the valve elenent, that a detectin ortion js. established at
a portiontihaflobeEcaBtahbie JPONG WiH tSH)effd;fe]rﬁqﬂg SHE LT HE Y 8REr ati ons

of the val ve el enent angl.is fixed in th flg cg nnel di.rection th
respect tTTHRSA PECRIEBILYr FoF %, g% ﬁ?‘élqeﬁ SrgtVﬁgﬂvﬁortion,

etc., that_dges not rotate Wt he val l, t_i r val ve
and is rotatt Slylccaobulp'ﬁ e vﬁr@h(ﬁlg‘lsl\gecs{&cﬁlo%tsh% \\;glq\%/%%g?grr%ngfg’ ﬁé;{:ﬁ{ a flow
rate neasgrd ng gewics aceonrding £oihe REGSEHh AN yentLeR i Sathar agteri zed
by conprising: a flowregulating 9 val ve which is provided w fh a val ve
el enent opssablyr dsRasethdde ssddpwLhrirelt and dyneapabkerafier egukati ng
the flow of fluid according to the val ve opening degree of the
corr espongi ngcvodvecrplted@ntoiacstieasswileh ecti¢ rpamaisd ai réefreéchi bg t he
above- descri bedf | ow channel - di recti onf orceconponent,which is applied to the
above- destii¢ bed wakVemehepesitetyin he {6 wuk ficialtvéoopeneny adegrees
detecting neans for detecting the val ve openi ng degree of the
above- descoipedeval ot asttegrbritn thieddarebbhwonar® dad dulcat ichgrmedns andr
obtaining a flow rate of the above-described fluid by using the
above- desElr® bRt G @ comloheiit higidet dd Thpasehbol éhgePFNBEg dPfess
detecting geans and t he, above-descri bed valve o eniﬂg degree deéect ed by
the aboveSte3t?¥ beBSTaAF VR Bp&i gledé’ Ve fet YT hy MRARSTOT R the pPesent
invention, it.is prefegrable that the over descr.i bed val ve, el nt..is
r ot at abl yp%%ﬁé]? ?%c%oe uaft(t;rben% anaxis ?Cﬁ}ee rdsegcc C’:;':nlgﬁJ Ql[ e rgv(\:/-ydhgﬁe t
di rection i:nvent:i,o [ S - i oV.e- ribed
stress de‘tjé%:{]slg{nlggrﬁelgnnes’ itlr?cpﬁglggﬂeg %g%géfﬁ%gb&mﬁi%ﬁ@él&g&%&t \é%égt%zgtrea force,
relative disphagereBl £hqd 8 gldyE-Sid@idh Relberanr t he Ahomerdeserhbed val ve
el ement or a nenber fixed at |east in the above-described fl ow channel
directioniwi il re¥Pacdcdfsdhe abovetdescrd hedr Fataer £ EnpAkssfide aphousi ng
which rotatably and axially supports the

detecting differential pressure at two points as in the flow

ratemeasuring techniqueutilizinganorifice, the construction

can be made compact, and it is possible to lighten influences



i 0 above-descri bed val ve el enent or a nmenber fixed at least in the

fl owchannel direction with respect to the correspondi ng housing. In the
invention, it is preferable that the above-described flow rate cal cul ating
means includes a differential pressure converting nmeans for obtaining a
differential pressure between the upstream side and downstream side of the
above-descri bed val ve el enent on the basis of the above-described force
conponent, and a flow rate converting neans for obtaining the
above-described flow rate on the basis of the above-described differential
pressure and val ve opening degree. Next, a flow control device according to
the present invention is characterized by conprising: a flow regul ati ng
val ve which is provided with a valve el enment operably disposed in a flow

channel and, s -%@P&ﬁ;@{lﬁgegeh%g%ﬁf@sédpé/vdgé bl bacserdi pgeto the

val ve openi ng dégree 0 correspondi ng valve el enent: a stress detecting

neans foradeteGld RFddiRed after a fluid passes through the orifice,
above-descri bedf| ow channel -di recti onf orceconponent,which is applied to the

above- desgidheith vl mersl e datddie dd Widjuree v ORI dithAEgr ee
detecting neans for detecting the val ve openi ng degree of the
above- descri beguvrahee, eheseitssa dedlevt ielge menin driafiery areans fortidei vi ng
t he above-described val ve 11 elenent; a flow rate cal culating means for
obt ai ni ngpreeddrdw iratan Wifort he deloy é nddscieisbédofskeuitdalyy ausi ngrehée of
above-descri bed force conponent detected by the above-described stress
det ect i nePhiEEsithantdit ribogergesepnBeaIVE Fee siianfadsgrideHéPEEted by
t he above-descri bed val ve openi ng degree detecting neans; and a val ve

a

openi ng CEIFRD Vit THETRERRS /f BASIBPAR S Gt Ae t aWok%-dBSEFSHERL GAl ve
clerent oL 0, TE20s 1 esponee, Lo he ahoue. desery bed [l gu paisy 1 the
rotatabl eef‘ern?eur?’éj %@/ a)éi Sﬂ@{grsbeuctti rz]agistohea means which detects a
flow-channel-directiondisplacement amount compatiblewith the
corresponding stress f and a flow-channel-direction strain
amount compatible thereto. However, it does not include a means
that detects a torque in the rotation direction of the valve
element.

Herein, a flow-channel-direction force component of a
load applied to the valve element by a fluid is a stress and/or
pressure directly resulting from a differential pressure of
the fluid before and after the valve element, and is featured
in that it hardly depends on the viscosity and velocity of the
fluid or the valve opening degree. Also, it is a force component
appliedto theentirevalveelement in the flowchannel direction
but is different from a component such as the dynamic torque

applied to the valve element.



above-described flow channel direction. In the invention, it is preferable
that the above-described stress detecting neans includes a detector which
is able to detect a force, relative displacenent or relative strain between
t he above-described val ve el enent or a menber fixed at least in the
above-descri bed fl ow channel direction with respect to the above-descri bed
val ve el enent and a housing which rotatably and axially supports the
above-descri bed val ve el enent or a menber fixed at least in the

fl ow channel direction with respect to the correspondi ng housing. In the

invention, it is preferable that the above-described flow rate cal cul ating
means i ncludes a 12

Also, the valve opening degree detecting means widely
includes those which are able to obtain an output of the valve
opening degree. Therefore, it is not limited to a means that
outputs the valve opening degree, but the means may be a means
that detects a rotating angle, moving distance, drive pressure,
screw feed ratio (rotation angle), etc., which are compatible
to the valve opening degree.

In the present invention, it is preferable that the
above-described valve element is constructed to be rotatable
around an axis that intersects the above-described flow-channel
direction.Wherethevalveelement isconstructedtoberotatable
around the axis intersecting the flow-channel directionof fluid
(in a case of a rotary valve), although the valve opening degree
of the valve element changes in compliance with rotations, the
above-described stress detecting means is composed so as to
detect a flow-channel-direction force component which is not
directly influenced by rotations of the valve element, whereby
influences due to the opening and closing operations of the
valve element are reduced to increase the detection accuracy,
and the detecting means can be simply constructed.

In the present invention, it 1s preferable that the
above-described stress detecting means includes a detector

which is able to detect a force, relative displacement or



differential pressure converting nmeans for obtaining a differenti al
pressure between the upstream side and downstream si de of the
above-descri bed val ve el enent on the basis of the above-described force
conmponent, and a flow rate converting neans for obtaining the
above-described flow rate on the basis of the above-described differential
pressure and val ve opening degree. Also, in the invention, it is preferable
that the val ve openi ng degree control means is constructed so as to control
t he above-descri bed val ve el enment driving neans by conparing an integrated
flow rate obtained by integrating the above-described flow rate and a
desired value thereof with each other. Next, a flow rate neasuring nethod
according to the invention is characterized by conprising the steps of

det ecting..a M3lWe sRREANYe HRIERC M b JRSRRGC i e FaQWer ggéh@ht”&rvm ue

that is provided with a valve el enent operably disposed in a flow channel

and i's capaRinpedf ig@d akl ngakhe it eweogba‘)bwée@@ﬁ%éanﬂl@»@-émgm«@ive
openi ng degree of the corresponding valve el ement; detecting the

above- desgiriedfdrow-icmareeleditr €ot taa hpooe- @@gp@mbea appléedlémeth e above
val ve el ement by the fluid; and obtaining the above-described flow rate on

t he basi saraf thehnabovwer dekdrhbed vat atel wpandngaxiegt ke angdpbléesl3the
above-descri bed force conponent. In the invention, it is preferable that

t he aboveldestrddsat fdayv vadtwe cdlemdrdt iong anmgnbeobfakad atdiééetenti al
pressure between the upstream side and downstream side on the basis of the
above- desldts He@Wreheanednpbrent 1and v bbl aisiPeHe tabbhe- G@%E?ﬁ%@ﬂdilﬂﬁw rate
on the basis of the corresponding differential pressure and th

above- deRYY g vareh %‘B%E?ﬁ@oﬁl&g"?‘etée SRS affe"s%crl'i“iﬁ P8 ProfY %%égﬁéw ngs

Fi 1 | f t h th t t t f
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structure of the valve is not unnecessarily complicated. In
this case, a portion detected by the detector is not only at
the valve element but also the valve rod or axial supporting
portion which supports the valve element. In particular, it
is preferable, in view of a lowering in the influence resulting
from opening and closing operations of the valve element, that
a detecting portion is established at a portion that does not
move along with the opening and closing operations of the valve
element and is fixed in the flow-channel direction with respect
tothevalveelement (forexample, anaxiallysupportingportion,
etc., that does not rotate along with the valve element in a
rotary valve and is rotatably coupled with respect to the valve
element) .

Next, a flowratemeasuringdevice according to thepresent

invention is characterized by comprising: a flow regulating



Fig. 2 is a sectional view showing a detailed structure of a flow
regulating valve wwth a part thereof enlarged; Fig. 3 is a graph show ng
the rel ationship between detected stresses f and differential pressures OP;
Fig. 4 is a graph showing a rel ationship (one exanple) between a val ve
opening degree 8 and a CV value; Fig. 5 is a graph show ng conpari sons of
changes in tinme regarding differential pressures [err]P and flow rates
actually nmeasured by a flow rate nmeter when the flowrate is constant; and
14 Fig. 6 is a graph show ng conpari sons of changes in time regarding
differential pressures ~P and flow rates actually neasured by a flowrate
neter when the flow rate fluctuates. Best Mdde for Carrying Qut the

I nvention Next, a detailed description is given of enbodi nents of a flow

regul ating, Al s o {4 PokateaTRASHT 991 JeVd Gaerdt blavacoRtgolpdevce, and

a flow rate neasuring according to the invention w't erence to

the acconpapyingy dhawhBdsand e cddavid egut i Nt Mad v8e FRIRLIeEI&pqin the
present invention is based on a functional concept and resultantly includes

all val vesdndingy fo $heusdureopbh thyide geepabt ehefcore@dpaindigid helféow rate.
Therefore, the flow regulating valve is not limted to val ves which are

gener al | yelugeshtf,or 4 hestirgposeadofedepid atimewgn $ hefdt ondaad et iMher ehé he
present invention is carried out, a flow channel-direction force conponent
( her ei nafdlervaretead gridald Etow-¢saness Jioéchidwddrapplamgdrienta walole el enent
of a flowregulating valve by a fluid is detected. Detection of the stress
may be basearedigdnee Hdtk iaponsi-clesarddrescval vei ¢ beteyt dot sbesfinkdst ress
applied to the valve elenent, and a nethod for obtaining a val ue

cor r esporfiVAd VEPR Hel i SPIreESse e pEHIRY MR Dy ottt nt G the weive

i spl n for ex I .
disp ace@%énfmfdegrggeﬂ?thgabove—descrlbedvalveelement;andeaflow

rate calculating means for obtaining a flow rate of the
above-described fluid by using the above-described force
component detected by the above-described stress detecting
means and the above-described valve opening degree detected
by the above-described valve opening degree detecting means.

In the present invention, it is preferable that the
above-described valve element is rotatably constructed around
an axis intersecting the flow-channel direction.

In the invention, it 1s preferable that the
above~described stress detecting means includes a detector
which is able to detect a force, relative displacement or
relative strain between the above-described valve element or
a member fixed at least in the above-described flow-channel
direction with respect to the above-described valve element

and a housing which rotatably and axially supports the

10



15 di spl acenent agai nst a housing) of the valve elenent and a relative
strain (a strain against the housing) of the valve elenent, etc. The stress
f applied to the valve elenent in the flowchannel direction by the fluid
has a certain correlation (usually, a positive correlation, in particular,
a correlation simlar to a |inear function of which the gradient is
positive) with a differential pressure OP between the upstream side and
downst ream si de of the valve elenent of a flow regulating val ve where the
val ve opening degree B is fixed, and the stress f is expressed by: 4P =
ACT) oo (1) The function A can be obtained for every

prescri bed val ve openi ng degree A by neasuring the relationship between the
stress f and differential pressure ~P. On the other hand, in a state where

Lhe val Ve ORI AYRe A1vE ThXRRnRs kol mgmsQQV@iggacatpiégglt a4, CV val ue

which is an intrinsic val ue of ow regulating valve 1s tai ned by
measur | necﬂéﬁ%lgwf—fc%%l%%uaalPé@ﬁaﬁew% %ﬁéwtbatﬁe%ifb@s@w% eis

al so a function of the val ve opening degree 0, wherein if ais a constant
and Gisrwpegdfic gravity of a fluid, the CV value becones: CV = a ~ Q-
(d~P) |~z , . oo (2) Therefore, if the above-descri bed

differenti al pEﬁssum%‘4{ﬁthﬂﬁon, it 1s preferable that the
above-described flow rate calculating means includes a
differential pressure converting means for obtaining a
differential pressure between the upstream side and downstream
side of the above-described valve element on the basis of the
above-described force component, and a flow rate converting
means for obtaining the above-described flow rate on the basis
of the above-described differential pressure and valve opening
degree.

Next, a flow control device according to the present
invention is characterized by comprising: a flow regulating
valve which is provided with a valve element operably disposed
in a flow channel and is capable of regulating the flow of fluid
according to the valve opening degree of the corresponding valve
element; a stress detecting means for detecting the
above-described flow-channel-direction force component, which
is applied to the above-described valve element by the fluid;
a valve opening degree detecting means for detecting the valve
opening degree of the above-described valve element; a valve

element driving means for driving the above-described valve

11



CV val ue are obtained, it becones possible to acquire the flowrate Q That
is, the flowrate Q generally becomes: Q= CV/ {o(, (G~P) ~i2} -
C,\//{oC(G/A(f) ) liz} . .. . . (3) CGenerally, since it is
consi dered that the function A and CV val ue of the above-described equat i on
(3) change in conpliance with the valve opening degree A if A( f ) - B (
f, A and &v=C (A , Q- C(8) / {a,(EdB (f, 8) ) 1~z} . . : -
(4) is derived. Therefore, if B(f, 8) and C(8) are determ ned by
experinments, a function Dof Q=D (f, 8) ....... (5) is determ ned. That
is, it is possible to obtain the flowrate Q by detecting the stress f and
val ve opening degree 8. As described above, in the invention, the flowrate
Q can be directly obtained on the basis of the stress f and val ve opening

degree 6 Dy h3{ng t&@c&”&%&'O@a@cuﬁ%%@ng'ﬂe%ﬂg epyepht9inihhe skiggs f can
be converted to the differential pressure OP in response to the val ve

openi ng d@aﬁf@@f&r@aﬁékz@gdteger%@uefﬁmwh@lw%tel Mo Be-hB8s@ddbégon,

based on the differential pressure OP and val ve opening degree A the flow
rate Q cagbhe: Obbaipdednty dstsgtéhe wmpoverdespbivbedesggutabiedn §#dreskn the

| atter case, the differential pressure ~P can be 17 converted to the flow
rate Q bydatsddtgirtdene@Gvisvahdethesgimns e daxr il wallwe opening degree 8.
Therefore, it becomes possible to apply a cal culation process or a

convert erdetwhitedd by Sierebavetdeshatibefl v lgenepahidgfdesreas dakteprésgure type
flowrate neter, and it becones possible to conpare the differenti al

pressur e MgRI; ﬁ@dswaﬂ;getmerplm§agéeathrﬁéfq}p@@aéérﬁ%ﬁ gensrodlingw

regul ating valve and that at the downstream si de thereof with the

di f f er ent’ a&f%‘éesﬂ%s%%bﬁ%é’d"llﬁ@? EREMERSy Srddderi BEGRFuABL FBRAPRRSENd to

correct the orr ondi di ff nt i al L};ressure Fig. 1 is a general

confi gur at? d ‘éeho Cgrltk?'u C?"f g &onstruction of an enbodi ment of a
fl ow control d vice accor vice 10
has a fl ow reggpa |%gln\>fae ve %1 ifély%%%g%eélg{ftﬁégy%]t %thsg ve, etc.

Zlhgrrraln? W(%/il%\%%gr%%t\é%%gﬁ%rggg B#?‘%go %C}Jgpn%gg%sﬂﬂ%llvéa vteﬁrd(;gh%(lac t hat
I's conneciggl,d 0dhier Mady ef BHRBHnIdD @ncedFiyes
In the invention, it is preferable that the
above-described stress detecting means includes a detector
which 1is able to detect a force, relative displacement or
relative strain between the above-described valve element or
a member fixed at least in the above-described flow-channel
direction with respect to the above-described valve element
and a housing which rotatably and axially supports the
above-described valve element or a member fixed at least in
the flow-channel direction with respect to the corresponding
housing.
In the invention, it is preferable that the

above-described flow rate calculating means includes a
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t he valve el ement 11b, and an axially supporting portion ( |lower part valve
rod) 11d for axially supporting the valve elenent 11b (for exanple, the

| ower end thereof) on the housing 1la separately fromthe valve rod 1lic.
Herein, the flow regulating valve 11 is connected to pipes 21 and 22 that
conpose the upstream side portion and downstream side portion of a flow
channel . 18 The above-described flow regulating valve 11 is provided with
a val ve openi ng degree detecting nmeans 12 for detecting the val ve opening
degree of the valve elenment 11b. The val ve openi ng degree detecting nmeans
12 is provided with a val ve openi ng degree detector 12A for outputting a
detected value in response to a rotating angle of the valve rod 11lc, which
is conposed of a rotary encoder, potentioneter, etc., and a val ve opening
degree C%id{\ﬁretr%rnt%% f o cQULREL tEOGy & VBhY € RREN NG degrBe shgRg! Sm
correspondi ng to the val ve opening degree” ( for exanple, a rotafing angle
of the valivealsmmntl 318} sUPEBJRERINVERE 1 sdelel £04¥ anded&fint heeyml ve
openi ng degree detector 12A. In addition, the flow regulating valve 11 is
provi ded stidho& Shéeessowet @eddmigoarband ve3edbnehti sn filxedaati sl easthén the

fl ow channel direction shown by the arrowin the drawings with respect to

t he val vealelverretss clrlih eah  cdretee closipohhenst, r esd af faow| nate apphvedtiogt he
above-descri bed axial supporting portion 11d. The stress detecting neans 13
i s provi deshna fhraoktaessnadhectbovd3desoribeilfg av kFosd welthewhashsdirectly
detects a force received fromthe axial supporting portion 11d, a

di spl acerghthseisvre fdas @eithad dh§fenentdisplrsasfaie andied VExPAENERPpor ti ng
portion 11d, or a strain gauge for detecting the strain of the axial
supporti rfPsidion 11d, and a stress 19 converter 13B for outputting a

t [ I di ta the,st in t fl h | . di tion,
ohi ch i< appl i B4°60 Pha VAl R oBtaRc 316 0y 4R T LR T BRa BblBcted

value of 06,814 2% Q! BELAl oh3ReafkSPs LO10, ShIL0S ARt Bl 6 L3Act

obt ai ni ng"asig 0 whi ch the w- channe ITectionstress app??ed from

the axi altk?é’%%%r\;e:—%s‘?ﬁritﬂe@véigei élléxﬁéﬂktc?f‘itx!'i’m{ fd86t 89 Lompotitged as it

is, but for exanple, a stress, displacenent or strain applied fromthe

det ecti ngypor i@y Byede ki fiede angodetgeledohy cavslRgtanki nkngeCchani sm
to intervene between the detecting portion such as the axial Supporting

portion laishwerhd fer Bi& €S otet £6d ahdlBAesttetisval uvmthekeof widilt sachhat the
stress detector | 3A may be constructed so as to anplify the output thereof

by neans efhem. el ectric anplifier. In either case, it is necessary that the
stress detector 13A is a neans for obtaining a force conponent applied to
the val ve el ent¥ektille i Hlaherstewnehannéhadimeddoidormqatitiimdyte heharrow in
the drawng) , and it does not include a neans for detecting a torque

appl i ed tHYeRE IR V& ClireRSHETLAS A RY ERHBPF 68 AR Y hf i 1R ¢ B I8RECR 18I ess
applied in the direction orthogaonal to the flowgchannel direction. A valve
openi ng d%é’ragéfesPBﬁﬁannq%‘iﬁep%g'ﬂégl JF?%PI‘??Fet%ﬁogjgg‘&er'?&‘ﬁlﬁéﬂ%f’@«g%peni ng

degree defecting Means, 12,209 & $1168% PLANAL SR AAVURDJIQMLNS
flow channel and is capable of regulating the flow of fluid
according to the valve opening degree of the corresponding valve
element; detecting the above-described flow-channel-direction
force component applied to the above valve element by the fluid;

and obtaining the above-described flow rate on the basis of

the above-described valve opening degree and the
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detecting neans 13 are inputted into the flow rate cal cul ati ng neans 14 .
The flow rate cal cul ati ng neans 14 nay be constructed so as to include a
cal cul at or 14A conposed of a computing unit and a conputing circuit, etc.,
such as a CPU (Central Processing Unit), etc., and a nmenory unit 14B
conposed of nenories such as EEPROM etc., giving necessary paraneters for
a flowrate calculation which is carried out in the cal culator 14A. The
above-described flow rate cal cul ati ng neans 14 once cal cul ates a
differential pressure OPmon the basis of the above-described val ve opening
degree signal 8mand stress signal fm The cal cul ati on process conposes the
above-described differential pressure converting neans. The differenti al
pressure conversion is carried out on the basis of experinental data

indicati%%ogggdgg Hkggﬁqgggﬁgaggg%ggﬁﬁgress f shown by the stress signal

fm val ve Opening degree e val ve openi ng degree signal 8m and
differential pggssuyl %-4%négh@5@@ttegtofjgpurﬁgefgrgggécﬂggg%tr%ﬁgetica

expression or data (conversion table, etc.,) based on the theorefical

expr essi gpJmy-hesdisedd nstigad ehtkhecaxpalkbienyal mdaha. &bsQinkhes
differential pressures ~P obtained by the flow rate cal cul ati ng nmeans 14
are cal culigtfed dtomit peeskues odtweh vak v sapesinngi degmneeddwn b ehimar e
detected as descri bed above, and it nay not be necessarily strictly

coi nci derdide tolm the Haffierehtited a&bve-lesmilbedlibaiceedofponethheapdessur e
actually detected at the upstream si de and downstream side of the valve

el enent Ikt aiNew, thg gabgvehdesct hleed ef4oWonshep obetteerbas st raif ntkeand
differential pressures OP when the val ve opening degree A is caused to

f | uct uat eCq5¥ SRS [ArhTE nedisdh PEG sgEgceaddni b dRPBe-desRRlPAda f | ow
channel . The graph shown in Fig. 3 indicates the relationship between the
strain s (B ERHEIEHF T is a stress and E i s Young' s Mdul us) and the
differential pressure OP in a case where a strain gauge is used. However,
since the strain is proportional to the stress, the relationship between

t he st ress ifef’]ﬁeé&eir?@p-ifc‘;r‘?roef'tﬁk?é [?]{]ag\?l ; £ OP qualitatively becones

i dentical to the exXxa e shown in W ng. Therefore, a positive

correl ation Ca@éee. 1 8800 784 BeLYRENG L ALt 84K 832 sROF1 gk fhr ential
pressure ~P, and"the rel ati onshi p becones al nost proportionality. In

addi ti on, cgeneradt Yon 8% Hestbdppfe@bore: £ibwiconeenlidiefatk hBabriihgge is a
relationship where the differential pressure ~P = B (f, 8) . However,

judgi ng feromudei tadmsidh; i S understood that the differential pressure OP
hardly depends on the val ve opening degree A and is al nost determ ned only
by the stress figln2oidher swotdeonabasieal slyowahgrostdeddl lekdesstnessre, that
is, a flowchannel-direction force conponent of a |load applied to the val ve
el ement byf & ufow i seprbaiuiced VYLThev Ui fRremtl athgress gl OU4ef ore and

after the valve 22 , , .
Fig. 3isagraphshowing therelationshipbetweendetected

stresses f and differential pressures AP;

Fig. 4 is a graph showing a relationship (one example)
between a valve opening degree 0 and a CV value;

Fig. 5 is a graph showing comparisons of changes in time
regarding differential pressures AP and flow rates actually
measured by a flow rate meter when the flow rate is constant;

and
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el enent (between the upstream side and downstream side). As the valve
openi ng degree A changes, the shape of an orifice conposed of the valve

el enent changes. Therefore, the differential pressure DP will change by the
val ve openi ng degree 8. However, the correlation pattern (its linearity)
hardly changes and fluctuation of the value is actually remarkably slight.
Accordingly, in the process of obtaining the above-described differential
pressure OP, the differential pressure OP nmay be directly obtained by using
only the stress f without using the val ve opening degree A as descri bed
above. Thus, since the stress f detected in the present enbodinment is a
val ue onto which the differential pressure OP is al nost accurately
reflected, it is possible to remarkably increase the sensitivity and
accuracy of the; §1 owiial &y 1hic QIRAIIOBoWbE D i 80£2SSr Wasakak esiybi ch are
produced with various types of paraneters are conplicated and m xed as in
the priorrgydr AHPMIF @it 235 @rds@treBUAPNERG ElolNea bl t£Efhy) vl ve
illustrated in the drawi ng, since the correlation between the prior art
dynam ¢ tyapireandyt hefubhif edeatnad e Pressuee~Ploveatty thangestdy. t he

val ve opening degree 8, the sensitivity and accuracy are radically | owered
in an area close to a state where a valve is fully opened or fully closed.
However, since, in the present enbodi nent, the relationship between the
stress 23estf Mauk didd greamiiialg frds dulvee IOV aldamot greatly change by a
change in the val ve opening degree A as the dynam c torque, it becones
possi bl e to malNAEAr na tdfE gegicy PAAQRat e UF BES iaf eRecdAlERESrahge of

t he val ve opening degree. Next, a flowrate is cal cul ated on thg basi s of
t he abovéiéﬁé%%FB@HlGFFFgr%ﬁ&Y%AEbﬁé?@UF%tﬁﬁ%ﬁ%ﬁﬁFH%ﬁg%“@ﬁﬁhiﬁg HeYr ee

i | 8 dit f.l t i tputted fl i | Th
Shroal at e B8y el aBac ek e e Shr e R e SeEolBavertPng.

. T fl i i ied i i t al
Toen®: i he 1 RUhaL BnIPIME LRI b AL Bl kb O Y I S8R0 s “XREL Mo
th | \ i . i s Al
Lo ohe] oo PRER G SEEY 0a309n, BYSEREAVE, ik AR LDESERYT ERVERGDEN AT

the maxi r%nb\é%lelaeoﬁfatmﬁld/cqlo\fﬁlpe@ﬂ'begtdsﬁaqeesaﬂtsamq;eimtlgd@@, degrees and
t he maxi num val ue (60 degrees) is 100% the ratio of the val ve opening

degree i syshowh rasrihd a~strubeweeewhithel € dfodd iof rebolbhengaxhaum val ue
of the val ve opening degree B in the present invention. Dependency of the
CV val ue Brow rateal Viee nptorag ey f éewassyuest vag valyepas ertn$inntelie basi s
of the valve structure and physical properties of a fluid, etc. Herein, a
prescri betb vhéyestilviath axprasssired lands edtfe r(dompersrse afabkeuletény based
on the theoretical expression may be used instead of the experinental data.
24 Her et hel@ihov@t@lescri bed flow rate cal cul ati ng neans 14 can al so be
constructed so_as to include a differential converter, which conposes the

abpve-describew Fﬁfeﬁ%%ﬁiaﬂrQﬁﬁﬂﬁﬂw¥9ﬁfqﬁ%éﬁé, Hhd %???bﬁ?ra@%tconéerter,
bhysi cal OREOHERRS AL CEeC a7 of PR® 1 B CRE: AboUE: BBLRT PR EBALYr Ut | on,
called a “stress”) of a load applied to a valve element of a
flow regulating valve by a fluid is detected. Detection of the
stress may be based on a method in which a detector directly
detects the stress applied to the valve element, and a method

for obtaining a value corresponding to the above-described

stress by detecting a relative displacement (for example, a
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the flow rate cal cul ating neans 14 may be constructed so as to directly
obtain a flowrate signal Qnfromthe val ve openi ng degree signal Am and
stress signal fm In this case, based on the experinental data shown in
Fig. 3 and Fig. 4 and other the oretical expressions,the
above-descri bedfunction D or data (conversion table, etc.) based on the
above-descri bedfunction D are utilized. Al so, a process by use of the
above-descri bed flow rate cal cul ati ng neans may be constructed in which
paranmeters other than the above-descri bed paraneters are taken into
consi deration. For exanple, the above-described experinental data, etc.,
may be obtained by using an actually flowing fluid or nay be based on
conditions having an identical tenperature, etc., as those in the situation
of an actyialy il iy %y%‘lq{stﬂ P nSRLRAL I L1RY PO FAIL] Gbuila o Lhe basis
of the specﬁ%lc gravity, viscosity, tenperature characteristics, etc., of a
fluid. 25:e1am%ea%%%-i%e§%r ished i fl ayahatke %hgnﬁbu@hbﬁ beputtegaipto the
control neans 15 conposed of an MPU (M cro Processor "Unit) or control
circuits,cRifenttheteQnt®ls t¥eans £15pp 1 28¢Md $ha €N E 1l sigalinRoné o the
val ve el enent driving neans 18 on the basis of the flowrate signal Qm and
a flow ratlewnstanmtl diar@stwbhncthy ithd fileidahdéy a ecaitaed csrrapatied by the
i nputting device 16. The val ve el enent driving neans 18 is capabl e of
drivi ng ahcsuadtlat,i agodshie ivad verredlation, ar pausitypes, ¢f coptetation
(el ectroactuators) and fluid-pressure actuators, etc., may be used as the
val ve el evdatitladr Coindgineanstusction o6 whieh itheudTadperevisceroabt ha§) be
conposed of a keyboard, nouse, operation switches, and receiving device for
recei vi ngviddt @ defEerepEénh P womdPoPehgRs Ale MBs e abadtruRRed so as
to drive the val ve el enen rivin ans 18 on e basis of. a val ve opening
degree i MWL, AT éédfae%'{efcgédvﬂ\g?ngﬁﬁ@epﬁp%?ﬁ #go‘ﬂé’\ﬁ afgng Y]aLV]?s case,
it is possible to coqﬁrol t he val ve %gggigg egree gﬂﬁtgg basi s_of .t he

dv

above- des®i Hed Val A Shem iy e gi ek G5hst Fictironogs 4 81 VE 858t ng

degree si i 1S received fromthe val ue openi ng degree detecting
nmeans 12.%%#%%&}3'& |, it is possible to control by feedback control

so that the valyye-opgring degree signal §myis drawn near the

above-descri bed val ve opening degree instruction 8s. It is preferable that

this direghe ¢QAEEQbn'W ddh HEIRRGL nlcdl ﬁ&e_evaky@r%_@crimn&m@@ﬁéﬁ@ni;s
conposed so that it is selectively carried out in regard to the

above- desgédbes § lgwnicalstirdonrt ftble. réhat ibsship betpeeherabl ettbas a fl ow
rate to be neasured can be made the control variable, and the val ve opening
degree i tsed fdthfendsol e wihessom rAlP. vari abl e.

On the other hand, in a state where the valve opening
degree 0 is fixed as in the above description, a CV value which
is an intrinsic value of the flow regulating valve is obtained
by measuring the differential pressure AP and flow rate Q. The
CVvalue is also a functionof the valve opening degree 0, wherein
if a is a constant, and G is a specific gravity of a fluid,
the CV value becomes:

CV =oa-Q" (G/AP)Y? ... it (2)

Therefore, if the above-described differential pressure AP and
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In addition, the control nmeans 15 may be conposed so that it can out put
(display) at |east any one of the flow rate signal Qn valve opening degree
signal 8mand differential pressure OPmto (in) the outputting device 17.
The outputting device 17 may be conposed of a printer, display, a
transmtter for transmtting data, peripheral comruni cating nmeans
(connecting neans for a network such as Lon Wrks: Brand nane), etc. The
above-descri bed outputting neans 15 nay be provided with further additional
features. For exanple, it is possible to carry out such control in which an
integrated flow rate is obtained by integrating the flow rate signal Qm
derived fromthe flow rate cal cul ati ng neans 14 and the val ve opening
degree varies ( for exanple, fully closing the valve or fully opening the

| i fd : i i | O
val ve) whenthg.integratadd o [kﬂéa{on{ﬁgagélﬁler@égqogﬁd:éi%w].eﬁovva ue. In

addition, it nmay be constructe i nt egrated wrate is outputted
to and displayed 1Hy it he outputihing ded ¢e gbhMahiNQUt, Ldad:ng out any
control based on the integrated flow rate.” 27 Further, the control neans
15 may control gse ag/{Q (cahse’dp al arm or close the valve, judging that a
fluid reversely flows when the stress f is smaller than a prescri bed
defaul t val ue (£ocvesampl®(fn) Value.when.the.flow@yrate is 0) or the stress
f is detected to be a negative value. Fig. 2 shows a detail ed exanpl e of
the flow regul @ehagavalyvesincef ithésapoveidesedi bedtcohst fusctoan Ahe fl ow

regul ating valve 11 is sealed by a packing, etc. , with the valve rod 1lilc
r ot at abl eng t& respeetof othh bR dRE AN eTHRAYDWEPT ehd) ofh@hge valve rod
11c is fixed with respect to the valve elenent Ilb in a state_where the

| ower endcAMRIEICE itisdheedailNeooPRR DYl dedepeitnti i F)AFSB (fr B val ve
element 1lb is rot & bly coupled to the axial supporting portion 11d. The
axi al suﬁﬁﬁ?t' g‘ﬁ% i‘on Il1dis fixed with respect to the fl ow channel

direction sho by .t rr ipn t geawi ng in conpection with.the valve
el ement 11b an vaFJE?(gﬁ(gy%anngFét """" ﬁgf T3 ???%&eQWth respect

to the housi ngTill%geifgr[ﬂg {ptating @i regld op.oThes&f ot the el Ve el ement

11b and the valve ro at the drive side are constructed so as Yo be

rot at abl e, g5 oMb e, axi@indd ¥ ik ddhe illustrated up and down direction
with respect to the housing 1lla, and the axial supporting portion (lower

val ve rod) 11dgf erpsyppodting. fhe. vad)ve Lloemimihbel.i $he@nskructedsso as
not to be rotatable with respect to the housing 28

possible to obtain the flow rate Q by detecting the stress f

and valve opening degree 0.

As described above, in the invention, the flow rate Q
can be directly obtained on the basis of the stress £ and‘vaive
opening degree O by using the functionD. Also, in the invention,
the stress f can be converted to the differential pressure AP
in response to the valve opening degree 06 by using the
above-described function B. In addition, based on the
differential pressure AP and valve opening degree 0, the flow

rate Q can be obtained by using the above-described equation

(4) . In the latter case, the differential pressure AP can be
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11la at the opposite side of the drive side valve rod 11c. An opening 1lle
such as a screw hole, etc., which is forned so as to expose the axi al
supporting portion 11d, is provided at the |ower part of the housing lla,
and the stress detector 13A is disposed in the opening 1le, wherein the
detecting portion of the stress detector 13Ais retained so as to be
pressed to a portion to be detected (the axial supporting portion 11d) by
fixing nmenbers 11f such as a bolt, fixing screw, etc. Pressing contact

bet ween the detecting portion of the stress detector 13A and the portion to
be detected functions to stabilize a detection value of the stress detector
13A. The detecting portion nmay be fixed, by neans of adhering, etc., at the
portion to be detected (the axial supporting portion Ild). The stress

detectorégy% a e x¥p T. det ect or
13A is dlspo§! e%%#%eg%gt%%P%Q?gnggigggé%{ﬁ%q%gft|ong%fg Pﬁﬁﬁéﬁg?zethe

portion tQ, l@%edeag%%g@e@mg ey fdexbnormerdes r 11 +f bé@@méts bhgsieusi ng 1la
which is the valve body, and is constructed so as to detect a stress
operatingd hgpehet waeauliheostyesse siebecd eoni3htceomposes ief samt Dad cel | of
the illustrated exanple, etc., is constructed so that it indirectly detects
a fl ow channrht difr # oenemradtd efse mppt i £dptrastheeviatpe febemantte ddbeby a fl ui d
via the axial supporting portion 11d being the portion to be detected. 29
The stressmdléttebeorme8fppsshblel toicmpare $hehdaftfypensdadi peesbyrdet ects
the stress as in the above-described load cell. It nmay be any type if it
can resulARmY yehsEdn Ak kamPues seder $pGhéi H@stéeﬁmesmiee@g ép%E@@d to the
val ve elenment_ 11b by a fluid in the f]l ow channel direction. Faor exanple,

the stresSHEtHH Vféﬁ(errﬁﬁ}dbteh%lt dits Ehﬁc%%%%tg%ﬁéo?lqeolth&éteéét Vhgha

| at pl t.of th I t t 11d dj th
531 e SAPETEIHAG D BTl O ST R SRR e
posi ti ve garielation wh.( for exambe, alrpsl BLopottiopal Lol the stress

in response e tigidity o axi a suppor i Ng por t he
stress dejgctor, J3A may be a strain gauge (di aphragmtype senlconductor
strain gdauge, etc.) for detecting a relative strain of the axial supporting

portion 11d. Thig, 'ﬁ1Qe§w%&hec6§f%u¥§t§éﬁaﬁﬂévpéh&\bﬁn@ﬁk@ cAHPRArting
portion 11d shows a value having a poSitive correlation wWith (for exanple,

al most  prepos tiedel o OF drhémisdd Bsént Bfr2speOREONeolleevi detyrafinghe axi al
supporting portion 11d. Although it is preferable that the stress detector
13A i s disposednvantiiont.HEhe £l ostoated leianplee] 0 abstahel dowagtii eatmsgi de in
the flow channel direction of the portion to be detected, which is set on a
menber (twatvé dl whéchxialcompmsed PhAge porttenflvivpliexest¢ n Theeflow
fl owchannel direction with respect to the 30

regulating valve 11 is provided with a housing lla, a valve

element (valve disk) 11lb disposed in the housing 1la, a valve

rod llc that is connected to the valve element 1lb and drives

the valve element 11b, and an axially supporting portion (lower

part valve rod) 11d for axially supporting the valve element

1lb (for example, the lower end thereof) on the housing lla

separately from the valve rod 11c. Herein, the flow regulating

valve 11 is connected topipes 21 and 22 that compose the upstream

side portion and downstream side portion of a flow channel.
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val ve el enent 11b, to the contrary, it nmay be disposed at the upstream side
of the portion to be detected, in the flowchannel direction. In this case,
it is sufficient that the detecting portion of the stress detector 13Ais
fixed at the portion to be detected, for exanple, a nenber ( the axial
supporting portion 11d) fixed in the flowchannel direction, with respect
to the valve elenent 11b, so that the stress detector 13A can detect a
tension force brought about by deformation of the portion to be detected,
toward the downstream side with respect to the valve elenment 11b. In
addition, since the nenber (that is, the axial supporting portion 11d)
fixed in the fl owchannel direction with respect to the valve elenent 11b
is fixed with respect to the housing 1l1a in the rotating direction that is
an operating di i < - I ﬁéﬁh Lt he Lblke to
further stabi|?§§%%‘%ﬂ%3%?%?5&%§%¥§Pﬁéﬁgﬁggés deygéygrfgg%fpgﬁgfagé, si nce
the portiony ¢ bgidet S?EﬁQn?Sdéf%P@e'dE@e@tﬂﬁj il d hat rdeegenotLipgat e
along with the valve elenenf 11b but is fixed, it is possible to | ower

i nfl uencerin herdebeetingnd¥ghye daech® vOiwd icarmeeft tthe .vehvevel egent 11b.
However, in the invention, the portion to be detected is not limted to the
above- dessgdrhiath aké@tes upposd i gy posdnonl A1ds b v hadyd bei gh por vabmef aci ng
the valve elenent 11b itself or the valve rod 31 11c that rotates

t oget her apdrminqeaelamtase ddtemmtr 183 fArsoutpuftitinggandahsclied vehpesed of
bolts, etc., fixes the axial supporting portion (the |ower valve rod) 11d
Wt h respctrasParte Housi i@ terd novaevddisy ciftngbeedatBearpenl b, t bigki a
supporting portion 11d, which is brought about by rotations of the valve

el ement 19%, CEERP IR file\e HOS@ T Ya il Rl ehe POARB LLPRE ethe ©&Rd / pBREi Bn
opposite to the valve el enent 11b of e_axial supportin ortion 11d is

P ed | THE EY o Ren LG IR KBt GO B PO RO TECbRRSPE R 0P cr um

the detecting state (detection value) ,of the stress detector 13A.can be
stabi 11 oot dShE5T R0l 8Pk re CniRuLBl R chES s PPe) T Ut ¢ e  0seq

state of Lhepyalie.clemst bl e or 6L Yecbrassen dinbpl daohne seat

ring 11k at the 'housi ng er, a gui ring rica

menber | nf@éé’fxﬁix’it? abed ceened ha 1ad G +34PPOTHd BEROhL Aydddqardcthe housing
1la and prevents the stress detector 13A (load cell) from being danaged due

to an excess|ve |oad given. a packing (Oring) 11j prevents fluid from
i nvading the portion where the stress detector 13A is disposed. A thrust
ring 11ln supporits aidag tliongr thar tf lofv trkeuialtiegelivadeert 111bhsapdovided
simul taneously is slidably fitted to the axial supporting portion 11d in
t he axi alwilth extstores$Futdttmrt indenddraust3 mmighl s ifs xedhsttr debed tio be
novabl e in the flow channel 32
the flow-channel direction shown by the arrow in the drawings
with respect to the valve element 1lb and detects the stress
of a fluid applied to the above-described axial supporting
portion 11ld. The stress detecting means 13 is provided with
a stress detector 13A including a load cell which directly
detects a force received from the axial supporting portion 11d,
a displacement sensor for detecting the displacement of the

axial supporting portion 11d, or a strain gauge for detecting

the strain of the axial supporting portion 11d, and a stress
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direction on the housing 1la. The thrust ring 11n functions to burden a

| oad of the valve elenent 11b in the vertical direction and to reduce a
sliding resistance in the fl owchannel direction so that the axial
supporting portion |l dbecones snoot hl ynovabl e (slidable) in the

fl ow-channel direction. Fig. 5 shows the results of having conpared the
stress f detected by the stress detecting neans 13 with the actually
measured flow rate which is nmetered by a prior art differential pressure
flowrate neter, electromagnetic flowrate neter or nass flow neter, etc.
(in the illustrated exanple, an electromagnetic flowrate neter is used),
wherein the above-described flow control device 10 is constructed so that
the flowrate of a fluid (a liquid such as water or a gas such as air)
passing thraugh I rgﬂ#L i gﬁﬁﬂP t.
Basicallﬁ?glt |§hﬂ§3%r§¥%é) éﬁﬂﬁﬁ$-¥%%yg%%%é¥'escr?gg%gggéagggé%ggprior

art flow‘{]@ttﬁen?{:?é§s thentl evolatRagneatdyrduciMates enti £8b1 yedn any
case as shown by the dotted lines and it is difficult to secure accurate

neasur ed pRURS vReGRUSE eRbneVelbappethdailsad elfGom at BatebBedt Pg188abI ity
of detection is low. To the contrary, it is understood that the stress f

whi ch is obtraienedrbystdet st t@ss et ackbngt Readisrdss aka@otiolg18a the present
enbodi ment is remarkably stabilized, and the accuracy is further increased
over t hatolfairhiengaisdagnd3 ontar vlsiclkithe Bl shrowsnrieal tdier eabioivce: slesessbed fl ow
control device 10, the conparison of fluctuations in the stress f with the
resul ts ofrmiisslrfamenthesprgal heuppooking todybiemn dildd Fst eesubtashdin above
when the flowrate of a fluid is changed. Herein, as for the graduation of
the stres&efleqtrd sty axat iaFef 3% hadeSi NPt ofhef 2Rl @xpr PREAEST s

d (Ti =0) . Inth of th f detected hy th t
comenced e Ol o Dat 100 950, thestiess 1o deleeted by the, pr osen
[ t.h in.t t f . th j t fl t t . _Th , It
carl | o Uhan iy Pedela oL el o acL Lo rate fegrs heretare, T4
th int | i.b , i to.t
Lhen I UhegrLst. SkLoreLiods, fs.desoribed alore s aceord g, Lotie

fl ow channel, di¢ 86 100y S detretaty @nd dhedd quiaked §3abt aikned gn the
basis of the stress ‘and val ve opening degree. Since a stress applied to the

val ve el en@ptePyracditidthattdie §1 ¥ shidrreitod 18EhaQbd Sohetlkaeted on the
above-descri bed stress wi thout alnost any | oss, the above-described stress

i s differentad romaanpdyimamthd onuope tappldred ft @yt heaval v€ aehesgsttribi ch is
based on a part of the stress applied by a fluid and at the sane tine
r adi cal | yamphanfiesr onIh hei biast scafet het vakveeopenanyg tlkgteeheAstoedbngl y,
the sensitivity and accuracy can be further 34

detector 13A is a means for obtaining a force component applied

to the valve element 11b in the flow-channel direction (shown

by the arrow in the drawing), and it does not include a means

for detecting a torque applied to the valve element 1lb in the

rotating direction and a stress applied in the direction

orthogonal to the flow-channel direction.

A valve opening degree signal 6m outputted from the

above-described valve opening degree detecting means 12 and

a stress signal fm outputted from the above-described stress
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remar kably inproved than in the prior art. In addition, since the flow
regul ating valve is of such a type in which the valve el enent rotates
around the axial line intersecting the flowchannel direction, in case that
a dynamic torque is detected it is necessary that the flow regul ati ng val ve
is constructed so as not to detect a rotating torque of the valve el enent,
that is, it beconmes necessary to detect only the dynam c torque applied by
a fluid. However, in the present enbodinment, since the above-described
stress does not have direct relationship with a rotating torque of the

val ve el ement, wherein the present enbodi nent is advantageous in that only
the stress applied by a fluid can be detected using a sinple structure with
no special function. The flow regul ating valve, flow rate nmeasuring device
and flow I rd t Le.n to the
above- desf%3 (ﬁg'égﬁgb ggﬁfﬁ us%?%%%geéqﬁﬂ#gygg:%H%EQFEF g%l%%g%égg?hat t he

inventionGaly be  cAHd Fedy ot t MENURELOHS Iﬁ@éjdsf haakd PR endsvartaddons in
scope that do not depart fromthe spirit of the invention. For exanple, in

t he abovesglgsctd bed 1emodi FBNEu1 2t sOt1ay c¥abve el &if thebhbust hat edi exanpl e,
a butterfly valve) whose valve elenent rotates in the direction

i nt er sectdmpa tdeendultdwchanael t dietect, i uch asuseduas dnte 1 procegsiagi ng
valve. A ball valve may be used in addition 35 to the butterfly valve as
t he rot armniMal vetddowener a méeoty owm itedulBtdongposaldye fanenpding sochhe
invention is not limted to a rotary val ve as shown above. The invention
may be apd EFHRQt eteari gu¥ingpescossyay e snalany dorsaciilay, rébe
exanpl e, a gate valve, partitioning valve, bal | type valve, diaphragm
val ve, pquﬂzltf:‘%/]a?}*iﬂé?n SfhlCh A |G s 1O vidy \)’é“%tc‘rat}&%ﬂraetQ%c des a val ve
el ement for receivi g%% $tress froma fl e flow channel direction.
0

Also, in the mfRoP %ﬁ?@ﬁ??)t W R¢ ﬁt?%ﬁcu?ﬁ5+%gf%?QH§ née82FBr usi ng
ti t t t b d bed

dovi e G L\’P'Saﬁ? PRI i B Sl cBRAFS | €0 BOF by

hand. | I bl

Fo i nd S bt St BP0 o bpRad Rt s Lt LR e S s L BuBEPE 1 1

can be megde vepy Qﬂ%@@&ﬂatfgﬁi r$é8¥ér%5ﬁ %%E%e-MﬂéCbe%eL8é§ckQBEHenced by

turbul ence, etc., can be brought about. erefore, it Is possible to
i mprove tck‘ﬁf?&ﬁéﬁ@fé’l OFrEEQWréat&r@lﬂi@&itﬂgmmaaﬁlst 0 Trkeqgt Fabdegguhprent

conpact in the field of handling various types of fluids.
pressure conversion is carried out on the basis of experimental
data indicating the relationship among the stress f shown by
the stress signal fm, valve opening degree 6 shown by the valve
opening degree signal Om, and differential pressure AP. As a
matter of course, a prescribed theoretical expression or data
(conversion table, etc.,) based on the theoretical expression
may be used instead of the experimental data. Also, the
differential pressures AP obtained by the flow rate calculating
means 14 are calculated from the stress f and valve opening

degree 6, which are detected as described above, and it may

not be necessarily strictly coincident with the differential
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36 VWHAT IS CLAIMED IS: 1. A flow regul ating val ve having a val ve el enent
operably disposed in a flow channel and bei ng capabl e of regulating the
flow of a fluid according to the val ve openi ng degree of the val ve el enent,
conprising: a stress detecting nmeans for detecting the

fl ow channel -direction force conponent of a |load applied to the val ve

el emrent by the fluid; and a val ve openi ng degree detecting neans for
detecting the degree of opening of the valve element. 2 . The fl ow

regul ating valve as set forth in Claim1, wherein the valve elenent is
constructed to be rotatable around an axis that intersects said

fl owchannel direction. 3. The flow regulating valve as set forth in Caim
1 or 2, wherein said stress detecting neans includes a detector which is

able 1o delect A LRLeen hekabh v, 0l shl AGRIPN Of 1nel BLEXE LSl ak ncbet veen

sai d val enent or in's [flow-channe

d'reCt'(ﬂﬁﬁéﬂ}é%%ﬁ%%%% LS abdyialkyeafl 8MBBt candha hRusingiyhbch {ptatably
and axiall'y supports said valve elenent or a nenber fixed at |least in the

fl ow channel ditbREtEQN Bi $how£HPRCE1 8t 1 BRsEOp NRSHAUH B0s FP4sh RJand. A flow
rate neasuring device conpri sing:
differential pressures AP when the valve opening degree 0 is
caused to fluctuate in a range from 6 through 60 degrees with
water flown in a flow channel. The graph shown in Fig. 3 indicates
the relationship between the strain € (¢ = 6/E, wherein ¢ is
a stress andE is Young’ s Modulus) and the differential pressure
AP in a case where a strain gauge is used. However, since the
strain is proportional to the stress, the relationship between
the stress f and the differential pressure AP qualitatively
becomes identical totheexample showninthedrawing. Therefore,
a positive correlation can be recognized between the stress
f and differential pressure AP, and the relationship becomes
almost proportionality. In addition, generally, as described
above, it is considered that there is a relationship where the
differential pressure AP = B (f, 0). However, judging from the
data, it is understood that the differential pressure AP hardly
depends on the valve opening degree 8, and is almost determined
only by the stress f. In other words, basically, almost all
the stress £, that is, a flow-channel-direction force component
of a load applied to the valve element by fluid, is produced

by the differential pressure AP before and after the valve
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a flow regulating valve which is provided wwth a valve 37 el ement
operably disposed in a flow channel and is capable of regulating the flow
of fluid according to the val ve openi ng degree of the correspondi ng val ve
el enent; a stress detecting neans for detecting said flow channel -direction
force conponent of a |oad applied to said valve elenment by the fluid; a

val ve openi ng degree detecting neans for detecting the val ve openi ng degree
of said valve elenent; and a flow rate cal cul ati ng neans for obtaining a
flow rate

element (between the upstream side and downstream side).
As the valve opening degree O changes, the shape of an
orifice composed of the valve element changes. Therefore, the
differential pressure APwill change by the valve opening degree
6. However, the correlation pattern (its linearity) hardly
changes and fluctuation of the value is actually remarkably
slight. Accordingly, in the process of obtaining the
above-described differential pressure AP, the differential
pressure AP may be directly obtained by using only the stress
f without using the valve opening degree 0 as described above.
Thus, since the stress f detected in the present embodiment
is a value onto which the differential pressure AP is almost
accurately reflected, it is possible to remarkably increase
the sensitivity and accuracy of the flow rate in comparison
with a case where values which are produced with various types
of parameters are complicated and mixed as in the prior art
dynamic torque are used. Further, in the butterfly valve
illustrated in the drawing, since the correlation between the
priorartdynamictorqueandthedifferential pressureAPgreatly
changes by the valve opening degree 0, the sensitivity and
accuracy are radically lowered in an area close to a state where
a valve is fully opened or fully closed. However, since, in

the present embodiment, the relationship between the stress
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of said fluid by using said force conponent detected by said stress
detecti ng neans and said val ve openi ng degree detected by said val ve
openi ng degree detecting neans. 5. The flow rate neasuring device as set
forth in Claim4, wherein said valve elenent is rotatably constructed
around an axis intersecting the flowchannel direction. 6. The flow rate
nmeasuring device as set forth in Caim4 or 5 wherein said stress
detecting neans includes a detector which is able to detect a force,

rel ative di splacenment or relative strain between said valve element or a
menber fixed at least in said flow channel direction wth respect to said
val ve el enent and a housing which rotatably and axially supports said val ve
el ement or a nenber fixed at least in the flowchannel direction with
respect to .t QI ihn LR ADS 7 h r ring

devi ce agpég??P%?Fﬁ§%ﬁggﬁéi%F%g%?r%,Aﬁhgggfnnggigr%%ga?rg%gnggﬁgﬂlgting
neans i ndiddefe adithergnticabRrhesgubegerver LkNghaeapsah ot ebtghding a
differential pressure between the upstream side and downstream si de of said
val ve el enemtecometshpobasbseofo smd thf ot e eorpoRent viagdandf dovur at ¢
converting neans for obtaining said flowrate on the basis of said

di f f er entiiraltlpr esdlire arsthgmalofe Wrenialy degreee.nB.deyrfdeaw cont rol devi ce
conprising: a flow regulating valve which is provided with a val ve el enent
oper abl y di spo¥edti naa fllcow witznnet aadciusatepabhe tbfe reqilsatohgthde f1 ow
of fluid according to the valve opening degree of the correspondi ng val ve
el ement ; aPatgeies detad idid hrgand ifadr pdessttiendPeapddf volwehapaeindirecti on
force cogﬁgnent of a_load applied to said valve elenment by the fluid; a

val ve opetfiHy HEGFBAE L8l e ARG eafd F8I-det CUTI fateadat Fd oUpERFRAg degr ee
ol emont : B Yo A B0 R GG REARSSY GPHBBar T A TP W FSF 008 said -
;'ngi gaibé f\“/hgv?/gagggﬁiﬁéﬁgnfggg@ggggghgegk?8&%@&’ SALEr81685S dgheeLyng means

outonthebasisof experimental dataindicatingtherelationship

between the above-describedCVvalue and thevalveopeningdegree

0 shown by the valve opening degree signal Om, which is

illustrated in Fig. 4. Also, in Fig. 4, where it i1s assumed

that the maximum value of the valve opening degree 0 is made

into 60 degrees and the maximum value (60 degrees) is 100%,

the ratio of the valve opening degree is shown as 0 (%) . However,

there is no limit to the maximum value of the valve opening

degree 0 in the present invention. Dependency of the CV value

on the valve opening degree assumes various patterns on the

basis of the valve structure and physical properties of a fluid,

etc. Herein, a prescribed theoretical expression and data

(conversion table, etc.) based on the theoretical expression

may be used instead of the experimental data.
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39 by sai d val ve openi ng degree detecting neans; and a val ve opening
degree control neans for controlling said val ve el enment driving neans in
response to said flowrate. 9. The flow control device as set forth in
Claim8, wherein the valve elenent is constructed to be rotatable around an
axi s intersecting said flowchannel direction. 10. The flow control device
as set forthin Claim8 or 9, wherein said stress detecting neans i ncludes
a detector which is able to detect a force, relative displacenent or

rel ative strain between said valve elenent or a nenber fixed at least in
said fl ow channel directionwith respect to said valve el enent and a housing
which rotatably and axially supports said valve elenent or a nenber fixed
at least in the flow channel direction with respect to the corresponding

housing. 11. Tﬁ@r{a' OF‘%ESOQM\% &'@é’&fﬂﬁ@é §?5w‘;9§1%é‘ éé‘l&'l IeshsWherein

said flow rate calcu ing nmeans 1 ncludes a erenti a pré%sure

converting reansfiofo ¢t aldH NG 1did oy el i @ presspiie bejneesdhe; ypstream
side and downstream si de of said valve elenent on the basis of said force

conponentgorasgttaed,| G il ecqivesd |tk nEense f d¢s @bilsédi APf satrehtiow rate on
the basis of said differential pressure and val ve opening degree. 12. The
fl ow contaalveadeviree mesmrset anar &h filowCraite 8onve8tewhewkioht bempasee openi ng
degree control mnmeans is constructed 40 so as to control said valve

el enent diieiaipveealss dyyibeshfdoWvngagde canegritod neownsy ate otparaee by
integrating said flow rate and a desired value thereof with each other. 13.
A flow r & SEEsurTIPIRAHet conprising the steps of: detecting a val ve

openi ng degree_with respect to a flow
Also, difrering from the above-described construction,

the flow rate calculating means 14 may be constructed so as
to directly obtain a flow-rate signal Om from the valve opening
degree signal 6m and stress signal fm. In this case, based on
the experimental data shown in Fig. 3 and Fig. 4 and other
theoretical eXxpressions, the above-described functionDor data
(conversion table, etc.) based on the above-described function
D are utilized.

Also, a process by use of the above-described flow rate
calculating means may be constructed in which parameters other
than the above-described parameters are taken into
consideration. For example, the above-described experimental
data, etc., may be obtained by using an actually flowing fluid
or may be based on conditions having an identical temperature,
etc., as those in the situation of an actual fluid. In addition,
correctionmaybecarriedout onthebasisof the specificgravity,

viscosity, temperature characteristics, etc., of a fluid.
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regul ating valve that is provided with a valve el enent operably disposed in
a flow channel and is capable of regulating the flow of fluid according to
t he val ve openi ng degree of the correspondi ng val ve el ement; sinultaneously
detecting said flow channel -direction force conponent applied to the above
val ve element by the fluid; and obtaining said flow rate on the basis of
sai d val ve openi ng degree and said force conponent. 14. The flow rate
measuring method as set forth in Caim13, wherein said flowrate

cal cul ating neans obtains a differential pressure between the upstream side
and downstream side on the basis of said force conponent and obtains said
flowrate on the basis of the corresponding differential pressure and said
val ve opening degree. 41
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Herein, the control means 15 may be constructed so as
to drive the valve element driving means 18 on the basis of
avalveopeningdegree instructionBs received fromthe inputting
device 16. In this case, it is possible to control the valve
opening degree on thebasis of the above-described valve opening
degree instruction 0s and valve opening degree signal 6m which
is received from the valve opening degree detecting means 12.
In further detail, it is possible to control by feedback control
so that the valve opening degree signal Om is drawn near the

above-described valve opening degree instruction 6s. It is

preferable that this direct control with respect to the valve
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opening degree is composed so that it is selectively carried
out in regard to the above-described flow rate control. That
is, i1t is preferable that a flow rate to be measured can be
made the control variable, and.the valve opening degree itself
can also be the control variable.

In addition, the control means 15 may be composed so that
it can output (display) at least any one of the flow rate signal
Om, valve opening degree signal 6m and differential pressure
APm to (in) the outputting device 17. The outputting device
17 may be composed of a printer, display, a transmitter for
transmitting data, peripheral communicating means (connecting
means for a network such as Lon Works: Brand name), etc.

The above-described outputting means 15 may be provided
with further additional features. For example, it is possible
to carry out such control in which an integrated flow rate is
obtained by integrating the flow rate signal Qm derived from
the flow rate calculating means 14 and the valve opening degree
varies (for example, fully closing the valve or fully opening
the valve) when the integrated flow rate reaches a prescribed
desired value. In addition, it may be constructed that the
integrated flow rate is outputted to and displayed in the
outputting device 17 without carrying out any control based

on the integrated flow rate.
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Further, the control means 15 may control so as to raise
an alarm or close the valve, judging that a fluid reversely
flows when the stress f is smaller than a prescribed default
value (for example, a value when the flow rate is 0) or the
stress £ 1s detected to be a negative wvalue.

Fig. 2 shows a detailed example of the flow regulating
valve 11 of the above-described construction. The flow
regulating valve 11 is sealed by a packing, etc., with the valve
rod 1llc rotatable with respect to the housing l1la. The lower
end of the valve rod llc is fixed with respect to the wvalve
element 11b in a state where the lower end thereof is inserted
into the valve element 11b. Also, the valve element 11b is
rotatably coupled to the axial supportingportionlld. The axial
supportingportionlldis fixedwith respect to the flow-channel
direction shown by the arrow in the drawing in connection with
the valve element 1lb and valve rod 1lc, and at the same time,
isfixedwithrespect tothehousingllaintherotatingdirection.
Therefore, the valve element 11b and the valve rod 1lc at the
drive side are constructed so as to be rotatable around the
axial line in the illustrated up and down direction with respect
to the housing 1lla, and the axial supporting portion (lower
valve rod) 11d for supporting the wvalve element 1lb 1is

constructed so asnot tobe rotatable with respect to the housing
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lla at the opposite side of the drive side wvalve rod 1lc.

An opening lle such as a screw hole, etc., which is formed
so as to expose the axial supporting portion 11d, is provided
at the lower part of the housing lla, and the stress detector
13Aisdisposedin theopeninglle, wherein thedetectingportion
of the stress detector 13A is retained so as to be pressed to
a portion to be detected (the axial supporting portion 11d)
by fixingmembers 11f such asabolt, fixing screw, etc. Pressing
contact between the detecting portion of the stress detector
13A and the portion to be detected functions to stabilize a
detectionvalueofthestressdetectorlBA.Thedetectingportion
may be fixed, by means of adhering, etc., at the portion to
be detected (the axial supporting portion 11d).

The stress detector 13A is a load cell in the illustrated
example. The stress detector 13A is disposed between the axial
supporting portion 11d, which is the portion to be detected,
and the fixing member 11f fixed at the housing 1la which is
the valve body, and is constructed so as to detect a stress
operating therebetween. The stress detector 13A, composed of
a load cell of the illustrated example, etc., is constructed
so that it indirectly detects a flow-channel direction stress
applied to the valve element 1lb by a fluid via the axial

supporting portion 11d being the portion to be detected.
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The stress detector 13A is not limited to such a type
as directly detects the stress as in the above-described load
cell., It may be any type if it can resultantly detect an amount
corresponding to the stress applied to the valve element 1lb
bya fluid in the flow channel direction. For example, the stress
detector 13A may be a displacement sensor for detecting a
relative displacement of the axial supporting portion 11d
regarding thehousing. This isbecausetherelativedisplacement
shows a value having a positive correlation with (for example,
almost proportional to) the stress in response to the rigidity
of the axial supporting portion 11d. Also, the stress detector
13A may be a strain gauge (diaphragm type semiconductor strain
gauge, etc.) for detecting a relative strain of the axial
supporting portion 11d. This is because the relative strain
of the axial supporting portion 11d shows a value having a
positive correlation with (for example, almost proportional
to) thestressinresponsetotherigidityof theaxial supporting
portion 11d.

Although it is preferable that the stress detector 13A
is disposed, as in the illustrated example, at the downstream
side in the flow-channel directionof theportiontobedetected,
which is set on a member (that is, the axial supporting portion

11d) fixed in the flow-channel direction with respect to the
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valve element 11b, to the contrary, it may be disposed at the
upstream side of the portion to be detected, in the flow-channel
direction. In this case, it is sufficient that the detecting
portion of the stress detector 13A is fixed at the portion to
be detected, for example, amember (the axial supportingportion
11d) fixed in the flow-channel direction, with respect to the
valve element 11b, so that the stress detector 13A can detect
a tension force brought about by deformation of the portion
to be detected, toward the downstream side with respect to the
valve element 1lb.

In addition, since the member (that is, the axial
supporting portion 11d) fixed in the flow-channel direction
with respect to the valve element 11b is fixed with respect
tothehousinglla in the rotatingdirection that is an operating
direction of the valve element 11d, it becomes possible to
further stabilize the detection of the stress detector 13A.
That is, since the portion to be detected is made into a portion
that does not rotate along with the valve element 1llb but is
fixed, it is possible to lower influence on the detection valve
due to rotations of the valve element 1lb. However, in the
invention, the portion to be detected is not limited to the
above-described axial supporting portion 11d, but may be a

portion facing the valve element 1lb itself or the valve rod
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llc that rotates together with the valve element 11b.

Also, a fixing means 1lh composed of bolts, etc., fixes
the axial supporting portion (the lower valve rod) 11d with
respect to the housing 1lla, whereby induced rotation of the
axial supportingportionlld, whichisbrought aboutbyrotations
of the valve element 1llb, can be prevented, and at the same
time, the end portion opposite to the valve element 11b of the
axial supporting portion 11d is fixed. Therefore, since the
corresponding endportionbecomes a fulcrum, thedetectingstate
(detection value) of the stress detector 13A can be stabilized.

Also, aseatringllk secures sealabilityina fullyclosed
state of the valve element 1llb, and a seat ring presser 1llm
holds the seat ring 11k at the housing lla. Further, a guide
ring 111 is a cylindrical member intervening between the axial
supporting portion 11d and the housing lla and prevents the
Stress detector 13A (load cell) from being damaged due to an
excessive load given. a packing (O ring) 113 prevents fluid
from invading the portion where the stress detector 13A is
disposed.

A thrust ring 1lln supports the lower part of the valve
element 11b and simultaneously is slidably fitted to the axial
supporting portion 11d in the axial direction. Further, the

thrust ring 11n is constructed to be movable in the flow-channel
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direction on the housing lla. The thrust ring 11ln functions
toburdenaloadofthevalveelement 1lbinthevertical direction
and to reducea sliding resistance in the flow-channel direction
sothat theaxial supportingportionlldbecomes smoothlymovable
(slidable) in the flow-channel direction.

Fig. 5 shows the results of having compared the stress
f detected by the stress detecting means 13 with the actually
measured flow rate which is metered by a prior art differential
pressure flow rate meter, electromagnetic flow rate meter or
mass flow meter, etc. (in the illustrated example, an
electromagnetic flow rate meter is used), wherein the
above-described flow control device 10 is constructed so that
the flow rate of a fluid (a liquid such as water or a gas such
as air) passing through the flow regulating valve 11 becomes
almost constant. Basically, it is understood that in the
above-described respective prior art flow ratemeters, the flow
rate greatly fluctuates vertically in any case as shown by the
dotted lines and it is difficult to secure accurate measured
values because of overlappednoise, etc., that is, the stability
of detection is low. To the contrary, it is understood that
the stress f which is obtained by the stress detecting means
13 accordingtothepresent embodiment is remarkably stabilized,

and the accuracy is further increased over that of the prior
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arts.

Fig. 6 shows, in the above-described flow control device
10, the comparison of fluctuations in the stress f with the
results of measurement using the prior art flow rate meters
as shown above when the flow rate of a fluid is changed. Herein,
as for the graduation of the stress £, the stress value is made
into 0 when the experiment is commenced (Time = 0). In the case
of the stress f detected by the present embodiment, a change
appears 0.3 seconds or more (0.5 through 1.0 seconds) earlier
than in the data of the prior art flow rate meters. Therefore,
it is understood that the response speed for detection of flow
rate is quicker than in the prior art methods.

As described above, according to the embodiment, the
stressappliedtothevalveelementbya fluidinthe flow-channel
direction is detected, and the flow rate is obtained on the
basis of the stress and valve opening degree. Since a stress
applied to the valve element by a fluid in the flow-channel
direction is reflected on the above-described stress without
almost any loss, the above-described stress is different from
a dynamic torque applied to the valve element, which is based
on a part of the stress applied by a fluid and at the same time
radically changes on the basis of the valve opening degree.

Accordingly, the sensitivity and accuracy can be further

34




10z 10z<10%& ()-~\=5 10g$ 10%& ()-!0 109%& ()- 10%& ()-!> 109%& ()-3 °

1092& ()-3 10z 10z 10z '~}{\=5 10g '!10%& ()-°
109%2z& ()- 3

11°

remarkably improved than in the prior art.

In addition, since the flow regulating valve is of such
a type in which the valve element rotates around the axial line
intersecting the flow-channel direction, in case that a dynamic
torque is detected it is necessary that the flow regulating
valve is constructed so as not to detect a rotating torque of
the valve element, that is, it becomes necessary to detect only
the dynamic torque applied by a fluid. However, in the present
embodiment, since the above-described stress does not have
direct relationshipwitharotating torque of the valve element,
wherein the present embodiment is advantageous in that only
the stress applied by a fluid can be detected using a simple
structure with no special function.

The flow regulating valve, flow rate measuring device
and flow control device according to the invention are not
limited to the above-described examples illustrated. It is as
a matter of course that the invention can be carried out with
variousmodifications and variations in scope that do not depart
from the spirit of the invention. For example, in the
above-described embodiment, a rotary valve (in the illustrated
example, a butterfly valve) whose valve element rotates in the
direction intersecting the flow-channel direction is used as

the flow regulating valve. A ball valve may be used in addition
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to the butterfly valve as the rotary valve. However, the flow
regulating valve according to the invention is not limited to
a rotary valve as shown above. The invention may be applicable
to various types of valve structures such as, for example, a
gatevalve, partitioningvalve, ball typevalve, diaphragmvalve,
pinch valve, etc., as long as the valve structure includes a
valve element for receiving a stress from a fluid in the
flow-channel direction.

Also, in the method according to the invention, there
isnoneed for using an operational unit or operational circuits
as in the above-describeddevice. Apartorallof thecalculation

process may be carried out by hand.

Industrial Applicability

According to the invention, it is possible to find a flow
rate with higher sensitivity and accuracy. The construction
can be made very compact, and a flow rate value which is less
influencedby turbulence, etc., canbebrought about. Therefore,
it is possible to improve the accuracy of flow rate detection
and to make fluid equipment compact in the field of handling

various types of fluids.
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WHAT IS CLAIMED IS:

1. A flow regulating valve having a valve element operably
disposed in a flow channel and being capable of regqulating the
flow of a fluid according to the valve opening degree of the
valve element, comprising:

a stress detecting means for detecting the
flow-channel-direction force component of a load applied to
the valve element by the fluid; and

a valve opening degree detecting means for detecting the
degree of opening of the valve element.

2. The flow regulating valve as set forth in Claim 1, wherein
the valve element is constructed to be rotatable around an axis
that intersects said flow-channel direction.

3. The flow regulating valve as set forth in Claim 1 or 2,
wherein said stress detecting means includes a detector which
is able to detect a force, relative displacement or relative
strain between said valve element or a member fixed at least
insaid flow-channeldirectionwithrespect tosaidvalve element
and a housing which rotatably and axially supports said valve
element or amember fixed at least in the flow-channel direction
with respect to the corresponding housing.

4, A flow rate measuring device comprising:

a flow regulating valve which is provided with a valve
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element operably disposed in a flow channel and is capable of
regulating the flow of fluid according to the valve opening
degree of the corresponding valve element;

a stress detecting means for detecting said
flow-channel-direction force component of a load applied to
sald valve element by the fluid;

a valve opening degree detecting means for detecting the
valve opening degree of said valve element; and

a flow rate calculating means for obtaining a flow rate
of said fluid by using said force component detected by said
stress detecting means and said valve opening degree detected
by said valve opening degree detecting means.

5. The flow rate measuring device as set forth in Claim 4,
wherein said valve element is rotatably constructed around an
axis intersecting the flow-channel direction.

6. The flow rate measuring device as set forth in Claim 4
or 5, wherein said stress detecting means includes a detector
which is able to detect a force, relative displacement or
relative strain between said valve element or a member fixed
at least in said flow-channel direction with respect to said
valve element and a housingwhich rotatablyandaxially supports
saidvalve element or amember fixed at least in the flow-channel

direction with respect to the corresponding housing.
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7. The flow rate measuring device as set forth in Claim 4
or 5, wherein said flow rate calculating means includes a
differential pressure converting means for obtaining a
differential pressure between the upstream side and downstream
side of said valve element on the basis of said force component,
and a flow rate converting means for obtaining said flow rate
on the basis of said differential pressure and valve opening
degree.

8. A flow control device comprising:

a flow regulating valve which is provided with a valve
element operably disposed in a flow channel and is capable of
regulating the flow of fluid according to the valve opening
degree of the corresponding valve element;

a stress detecting means for detecting said
flow-channel-direction force component of a load applied to
sald valve element by the fluid;

a valve opening degree detecting means for detecting the
valve opening degree of said valve element;

a valve element driving means for driving said valve
element;

a flow rate calculating means for obtaining a flow rate
of said fluid by using said force component detected by said

stress detecting means and said valve opening degree detected
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by said valve opening degree detecting means; and

a valve opening degree control means for controlling said
valve element driving means in response to said flow rate.
9. The flow control device as set forth in Claim 8, wherein
the valve element is constructed to be rotatable around an axis
intersecting said flow-channel direction.
10. The flow control device as set forth in Claim 8 or 9,
wherein said stress detecting means includes a detector which
is able to detect a force, relative displacement or relative
strain between said valve element or a member fixed at least
insaid flow-channel directionwithrespect tosaidvalve element
and a housing which rotatably and axially supports said valve
element or a member fixed at least in the flow-channel direction
with respect to the corresponding housing.
11. The flow control device as set forth in Claim 8 or 9,
whereinsaidflowratecalculatingmeans includesadifferential
pressure convertingmeans forobtainingadifferential pressure
between the upstream side and downstream side of said valve
element on the basis of said force component, and a flow rate
converting means for obtaining said flow rate on the basis of
said differential pressure and valve opening degree.
12. The flow control device as set forth in Claim 8 or 9,

wherein the valve opening degree control means is constructed
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so as to control said valve element driving means by comparing
an integrated flow rate obtained by integrating said flow rate
and a desired value thereof with each other.
13. A flow rate measuring method comprising the steps of:

detecting a valve opening degree with respect to a flow
regulating valve that is provided with a valve element operably
disposed in a flow channel and is capable of regqulating the
flow of fluid according to the valve opening degree of the
corresponding valve element;

simultaneously detecting said flow-channel-direction
force component applied to the above valve element by the fluid;
and

obtaining said flowrateon the basisof said valve opening
degree and sald force component.
14, The flow rate measuring method as set forth in Claim 13,
wherein said flow rate calculatingmeans obtains a differential
pressure between the upstream side and downstream side on the
basis of said force component and obtains said flow rate on
the basis of the corresponding differential pressure and said

valve opening degree.
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