*159159* DI FFERENTI AL PRESSURE TYPE FLOAWETER AND

DI FFERENTI AL PRESSURE TYPE FLOW CONTROLLER Fiel d of
the Invention [0001] The present invention is
concerned with inprovenents in or relating to ”lm""m"m"
differential pressure type flowreter and different}jgal
pressure type flow controller (together hereinafter
called a differential pressure type floweter and the

like) e eyl '
faci 1111 UPFERENDATERESUITE v sy BRI
processing plants and the |ljke. The invention may be
manuf actured at a | ow cos®MNkhd with a structural
sinmplicit and used in a state of so-called inline,
and. aDIFHERENHIAL FRESEHRE TYPE-ELOW EANEROALERW
rate of a fluid either under of criticality or
Fieldof ¢hé triventiony i s neasured or controlled wth
accuracy and in real tinme even in a small flow

[00@HNt | The peeEpEmt invéation iy 66ndsTed RatkBIpPOVSMENtstiR@r relating to
I nvention [0002] Heretofore, for sem conductor
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differential préssure flowreter and t I ke as a
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of difficulties such as_a |ow resgo.nsi vity, a poor
manifaciuredjat alow cashandwith asdryctynabsimpligity.iand usedyiv a state of

| ar ge nunber of operational problems, a linted
soweglledtinling, agdstdhe sanedime omake itrpdssitde thate flaw eatei dfya fluid

i nfluenced by
either under of criticality or non-criticality is measured or controlled with accuracy
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and in real time even in a small flow quantity range under a vacuum.

Background of the Invention

[0002] Heretofore, for semiconductor manufacturing facilities and at chemical
plants, a differential pressure flowmeter and the like such as a mass flow type
flowmeter (a thermal type mass flow meter) and the like and a buildup type
flowmeter and the like have been widely used to measure or control a flow rate
of process gases, raw material gases and the like.

[0003] However, with a thermal type mass flowmeter and the like, there have
been seen a number of difficulties such as a low responsivity, a poor measuring
accuracy in a small flow quantity range, a large number of operational problems,

a limited variety of gases subject to control, and being easily influenced by
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pressure changes and the like.



pressure changes and the like. [0004] Simlarly, wth
a buildup type floweter and the |like, there have been
seen sone difficulties such as being difficult in
measuring or controlling a flow rate in real tine,
not being able to use in a state of inline, an
exi stence of restraints of a pressure of gases subject
to control, a separate line required for nmeasurenents
thg. |ike. 005]., On t he_ot her, han a differential
(0G4, ¢ Sl with PP e IONENERENG i i, taediave been
orifice and a manoneter are enpl oyed denonstrates
segn somedifficultigsssich %\%Eﬂmﬂéﬂfﬁﬁ&? HyMmeagHIing Ao certselling atflow
of the type of gases subject to control, being usable
raleningesk time, ndt baing able tarsednsostatenefinling, amelxistence of
controlling a flowrate being able to be perforned in
restesihtst ofreeprels8 0O disesvatibjedt o Sohtrok adfeparateflinerrequired for
pressure type floweter and the |I|ike uses an equation

mé&surémeheanditie pamput ati on derived from Bernoul li's
theoremw th the assunption that the fluid is

[0668)- COBRtRE Stirharf 3 diffSRntilCorebb QY 7 go%_métgﬁaﬁ& thellike

I's “‘conputed by giving sonme correction
T f e 1 f r i
for Ifef o fficl and AdndtnERT dré e adinobiatep Hhfgians
on-conpressi.bil e hreak a su antial,  drop in,
Bt SUR A RAVIRG O8R5 rebteilei R 66 Fine otgase8,sbiack to control
cannot be avoi ded, thus resulting in a failure of
being-usahle in pslptenfdnling and alemmneagueng andconyollingcofiow rate
To solve these difficulties with the aforenentioned
beifid abledatbiegperforowslingeat type. f| owneter and the like, a

pressure type flowreter and the |ike has been

[OGRB)e! oHewesrer this $ypeofal diffEkhtidipresddre hpelflowimaid atbthe
ot hers) wherewith critical conditions of a fluid

ik uses 2@ éduatioalfora flow rate eombpliedtionsderivel fesiA Bepnblilli'gn

the upstream side of an orifice and a pressure P2 on
thédrenfiaih thé a3surkpfsn Hat3e fluid is non-compressible, and then the
flow rate of the fluid is computed by giving some corrections to it. Therefore, if
large pressure changes of the fluid arise (that is, when approximations that the
fluid is non-compressibile break), a substantial drop in accuracy of measuring
and controlling a flow rate cannot be avoided, thus resulting in a failure of
accurate flow rate measurements and controls.
[0007] To solve these difficulties with the aforementioned differential pressure
type flowmeter and the like, a pressure type flowmeter and the like has been
developed and disclosed (TOKU-KAI-HEI No.10-55218 and others) wherewith
critical conditions of a fluid passing through an orifice, that is, a pressure P1 on

the upstream side of an orifice and a pressure P2 on the downstream side of an

orifice being forcibly set to make the velocity of a fluid to be the velocity of sound,



orifice being forcibly set to nmake the velocity of a
fluid to be the velocity of sound, 2 and the flow rate
of aliquid Qis conputed by the theoretical equation
Q=KP1 wunder the critical conditions. [0008] However,
even with the said pressure type flowreter and the
l'ike, non-critical conditions occur when a fluid is
inasmll flow quantity range (that is, when a

r n,the pstreams e, of .an orlflce nd_a
arf B8 Sigherath ob A 1ol Uik ¥t heretical eakiafion QRKPY
i n state of being close), thus resulting in large
ungpfg}escntfpaécpp PR%t e measurement value Q or a flow
rate control value Q [0009] Nanely, with a
[0@@FHV entipwraer. @ven avithithesaig peessure typedlavemeter @nd the like,
pressure type floweter) and the like, it is so nade
notnl'-mriticahcmdjﬁmmsmccfmwvrmrfa fluid isirt a samitﬂdvaqUantitgleahgecthat is,
fromBernoulli's theoremw th the assunption that a

wHdrua gréssune P+ oarthgupstrelim dige ios aH ofice afd 4/pfRsure P2on the
non-critical conditions before a fluid reaches the
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rate on the downstream si
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cal conditions a avi ng reache

sou und ve ran a flow.rate
(ofato o s gﬂf?ﬁeasgwedﬂme@@é‘%rﬁﬁ aipﬁessem%mﬁt%@m
absol ute era of . ui d passi t hrough a
prégase due BSPRIEIEN anddBe ike il 580 Madahgr ampauRvan s a flow
and Cis a proporti onal factor). [0010] Critical
rategmpytatien ﬂsflve% éropeBepiquiii pihepremuwith the assurnptianethat a
velocity of sound is given by a critical value rc of
fluid isrmesscoropressibile 2 uSad, afidcundertrionatritical cenditions before a fluid
deternmi ned by the equation P2/Pl=rc=(2/(n+1))n/(n-1)

reachietthe vehsalfyfofGolaadi(a noatscund wlodityaange), GfldW rate on the
Furthernore, a specific heat ratio n is given by the

doRiiétefisitie ® determih&d By e ééuélldipﬁé‘—-SCYPﬂP@S%ﬁ)@’z miz,
speci fic heat and Cv is a constant vol une

while under critical conditions after having reached the velocity of sound (a

sound velocity range), a flow rate Q is computed by an equation Qc=SCP+/T" 2

(where T is an absolute temperature of a fluid passing through an orifice, S is a

cross-sectional area of an orifice and C is a proportional factor).

[0010] Critical conditions for the velocity of a fluid to reach the velocity of

sound is given by a critical value rc of a pressure ratio P2/P1.  The critical value

reis determined by the equation P2/P1=re=(2/(n+1))"’ ™" using a specific heat

ratio n of a gas.

[0011]  Furthermore, a specific heat ratio n is given by the equation n=Cp/Cv

where Cp is a constant pressure specific heat and Cv is a constant volume

specific heat. With biatom-molecular gases, n is n=7/5=1.4, and rc is Rc=0.53,



specific heat. Wth bi atom nol ecul ar gases, n is

n=7/5=1.4, and rc is Rc=0.53, 3 while with non-1linear

type triatom nol ecul ar gases, n is n=8/6=1.33, and rc

is Rc=0.54. [0012] To solve problens with the

af orenenti oned conventional differential pressure

type flowneter (or a pressure type flowneter), a flow

rate value conputed with the previous theoretical

flow rate equation derived fromthe assunption that a
whileywith pgniieeas typedriatom-mplecular gases, dds MBIk 3Bsand reis

non-compress ibi le is conpared with the actually
Ret@dured flow rate value, to derive an enpirical flow

rate equation having a plurality of paraneters ¢'=
[0®B12]T11T@ selvepvobeins wit e afér@mishtidned Banveritional differential

previous theoretical flow rate equation = SCT1 12

présSir&€lype flwiretérdor adtdsé iredppe ﬂmvﬁ%téﬂ)??( flow rate value

af orenenti oned paranmeters mand n to nake a ow rate

co\&?ddig% &gﬁﬁﬂpg‘?ﬁe@bﬁué %&E@éa{l EIE?J rate BYLiatich 8e blﬁﬁg%

fl
a nmeasured va thus "an enpirica

askifribriof IhaYd ﬁ{:‘ig?@'}p edsﬁ'ﬁ&earm&h-%g%ﬁ‘gér,%é&tshe f1uid

onpressi erng 1ntrod ors of

the present i.nyention di scl gsed in TOKU-
nokCoBiER8 e 46 ESmgatel wif the eriially Fleanires BRwcrate value, t
enpirical flowrate equatign Qc', a proportional ,
deé'ggﬁna‘i’ff‘plﬂcﬁk @‘I"\F%tﬁ qgﬂaﬁenf@vm Apira fipagametars Qc'=
con, it ons of ﬁc,ubst ance annd absol ute tenperature | Pi
SGsi“gn&lePu-)esKBe (R R2le fropsa peavious theopgticah flow rate
orifice and P2 a pressure on the downstream side of an
eqouation Qc= 8CAR!' 1 (RA(B1 -PR=))4P , Anddb determins the aforémentiened
unit. Further, in the neasured flow rate range of
patamafiss emand ritdirhaké adlow eae value computed bthessrapiital flow

it has been found that paraneters mand n are
raf@EqublibpQeshuatth & Mérsured vaRfE!L tHR) ah empirical flow rate
equation Qc’ that suitably matches with the fluid of compressibility being
introduced by inventors of the present invention, and disclosed in TOKU-GAN
No.2001-399433.
[0013] With the aforementioned empirical flow rate equation Qc’, a
proportional constant K is given by SC/T"? and computed from conditions of
substance and absolute temperature T. P1designates a pressure on the
upstream side of an orifice and P2a pressure on the downstream side of an
orifice. kPaA (kilo Pascal Absolute pressure) is the unit. Further, in the
measured flow rate range of 10-30scem (a unit of a flow rate in a normal state), it
has been found that parameters m and n are m=0.47152 and n=0.59492

respectively.

[0014]  The values of the aforementioned 2 parameters m and n have a



[0014] The values of the aforenentioned 2 paraneters m
and n have a 4 dependence on the range of a flowrate
to be neasured and the type of a gas. The
af orementi oned val ues 0. 4715 and n=0.59492 are
val ues that hold true when the flowrate is in the
range of 10-30sccm So, mand n don't hold true when
the range of a flowrate is 10-1 00sccm or 100-1
000sccm and accordlnﬁ y they deviate fromthese
depgnderce podherangeyeh @ flaw rate to be maasuredyangiths type of a gas.
i nproved pressure flow controller for which the
Thef afoegroentionastivalues m=kb471§ snd nsx05492areoal@s thatThold true
was previously disclosed by inventors of the present
whenvthetflowrate is ethEbg &k 10M80s2001 - P43 andThdon’t hold true
controller in the said Figure 14 is constituted as a

wHdrote rangé foplal flow ratiee 16+1,00stcinsore-100088eaT, Hindastcordingly
that it can be turned to be a differential pressure

théyagv,g{é)mttﬁés@yaﬁjegm nating a control valve 21, a
valve driving part 23, and a flow rate conparison

[00FH)t 2$@uré qgisﬁla HRed &l% Pifin bof gﬁ'l%’f&le]cﬂpreég %effc#yg ﬁéhﬁ‘gller
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control t pres ur

fof whlﬁuttﬁ?. prefRian fme{"ﬁ'é@  Batipgon Biepu: e ares
g 23c a 1:’éHowrate copputation part, 23d a _flow

pr ‘él?lés'w'ﬁﬁﬁ? ky,inygptors sthepresgnt inyention e TOKU-GAN

Pi a fluid pressure detector on the upstream

NG2001-3894330r The sentrofierdn the saiddriguesyi 4 isdeanstituted @s a flow
the downstreamside of an orifice, T a fluid

controfien atHowevdsibisteasily deerétbodvthaattitacarsbe tumgd\tabee
signal, AQa flowrate difference signal, and 'a

dlfféremtlalé;iressmeﬂwé fowaetsrchyelimintingla Wﬁtl‘bltvhl@./esm & valve
controller, firstly a pressure ratio P2/P1 is corrputed

drN)'In‘d"'paﬁbs Qﬁdacﬂoﬂﬂrdﬁlé’%bhﬁﬁi‘%&h fz;ssure Pi and

downstream si de pressure P2 (23a), a judgnent is made

[Og%r]g' ?Rgt}érﬁné to Fidifle 14, DO%UsIghated an BRAEE, 21 4 bhfthl valve, 22

a valve driving part, 23 a control circuit, 23a a pressure ratio computation part,
23b a pressure ratio computation part, 23c a flow rate computation part, 23d a
flow rate computation part, 23e a flow rate comparison part, P1 a fluid pressure
detector on the upstream side of an orifice, P2 a fluid pressure detector on the
downstream side of an orifice, T a fluid temperature detector, Qs a flow rate
setting value signal, AQ a flow rate difference signal, and Qc¢’ a flow rate
computation value.

[0017]  With the said controller, firstly a pressure ratio P2/P1 is computed with
the detected upstream side pressure P1 and downstream side pressure P2 (23a),
a judgment is made continually to find if the fluid is under critical conditions or

non-critical conditions (23b), and the flow rate is computed with a flow rate



non-critical conditions (23b), and the flowrate is
conputed with a flow rate 5 equati on Qc=KP when under
critical conditions (23c), while the flowrate is
conmputed with an enpirical flow rate equation Q' =KP2
m Pl -P2)n when under non-critical conditions. [0018]
As stated above, the value of criticality rc is given
by an equation (2/(n+l1l))n,(n-1) , (where n is the

specific at ratio of..a gas).. Wt I -ato | ecul ar
ecialigh o=t Bnepdindgs 2ndaitophitons Pacieuie the Towizate &
nol ecul ar gases, rc is rc=0.54. Therefore, rc is
couted withsan empiisabilowgate equatiom Qa=KPsw (P atRe2)" when under
di fference LQ between a set flowrate & and a
nopeerificabdonditions.rate Qc is conputed with a flow rate
conparison part 23e to operate a valve driving part
[0@1B]t o Asstated abalvecth2lvatuwe bheritidality fclis\givent sy an equation
di fference LQ reaches zero. However, when it is used
(24a+9)TMOw (Whies n iQthes§pécific hbatatio @ftalzgay).r affith bi-atom
conparison part 23e, a control valve 21 and a val ve

m&eLYiaPgaséd, trc FLr&BBPEnd Withrﬁdiﬂﬁr?éértii-%&mr? O\EI:VMI‘%Erl ﬁggé‘s, rc is

Figure 15 shows flow rate neasurenents or

o ot LRI IS e a8 e dtel 8 C O ) ow 1 4t e

whet er an
sur nts. or.flowr control c acteristic
(oFFFh & TERh s fiftnanod, 2 Bufitiert st o e Fs.ari  pemputed
i ke Hwe_n an Fgg%at i_t?]n x=KP1 is used under
flowprate (g is com withahlow ategaraparisony pajk2pe 4o peerate a valve
with the inproved pressure type flowreter and the
driving=par} 22|te\wontiokvalve 21 iserthat therflow rate differenpe nAGhtraches
critical conditions, while an enpirical flow rate
zeegu aoweveQwhekiFRis deid- #2223 flow metat, as statechdbove, a flow rate
non-critical conditions, thus an accurate flowrate Q
comparisopdri 28e,tapcoriteol salvel 2 Dand at valedridging (patt 22 che be

conmputed, linearity to a set % of a flow rate being
eliffthate@s shown by Curve A in Figure 15,

[0020] Curve A in Figure 15 shows flow rate measurements or flow rate
control characteristics with an improved pressure type flowmeter and the like,
while Curve B shows flow rate measurements or flow rate control characteristics
with an conventional pressure type flowmeter and the like when an equation
Qc=KP1 is used under non-critical conditions. As apparent from Figure 15, with
the improved pressure type flowmeter and the like, a flow rate equation Qc=KP1
is used when under critical conditions, while an empirical flow rate equation
Qc'=KP2™ (P1—P2)"is used when under non-critical conditions, thus an
accurate flow rate Q in proportion to the set flow rate being able to be computed,
linearity to a set % of a flow rate being held as shown by Curve A in Figure 15,

and the comparatively accurate flow rate measurement and control being



and the conparatively accurate flow rate neasurenent
and control being 6 ensured even in the range of a
small flow quantity. [0021] Patent Literature 1:
TOKU- KOU- SHO No. 59-19365 Public Bulletin [0022]
Patent Literature 2: TOKU KOU- SHO No. 59- 19366 Public
Bulletin [0023] Patent Literature 3: TOKU KAI - HEI
No. 10- 55218 Publ i cBul | eti n Di scl osure of the
tion. Cheect of _the enti on 0024] Wth the
enéf"fﬁ’d;ﬁ’é?ﬂ Iy gdap%pggés&n GHatiyoe £1 ownet er and
W rate neasure
1008 onPAIt bAAAe HAS SR L BHE NorRer 18355 dig puleti
accuracy if the flowrate is in a small flow quantity
[0622]ge Bptent Litagatuiex?:nE@BUKQOHSHO Nodb#@36fi mPublio/Bulletin
rate as shown by Curve Ain Figure 15, thus excellent
[0p23ict | Patent Literatsreb®:i TOQKBtKAI-HEN Nd. 00352 1 8ioviRuksic, Bulletin
a flowrate is in a small flow quantity range of |ess

DisélasureastRhe ihvattiohy 10% of the maxi mnum fl ow rat e,
problens that a practical flowrate measurenents or

i ol cannot be achieved with accuracy
OBjeCbr ik vt y. [0026] Furthernore, with the said
A4 OV l. I
(0027 B 326??%3?“%%&@6‘* %E@i%%%%%%s B oM pe e g the
. la ference set sur
"kﬁf'hﬁwnt'n%wm‘{ Tt o0 fnesShrem@tts/ oW Beud pB SEhieved with
vacuum | ess than roxi mately 200Torr, thus
COF'H@EN'Yﬁ@ hj Qﬁ%’lﬁ‘%‘%ﬁ% fg;w fters HU@ small flow 9‘#%’8&’ £ange up to
use. [0027] It is an object of the gresent i nvention
appioximatelnd 0% af thegneximun flowsrate ae showpeby Cumvesh én Figude 15,
the like at a | ow cost and sinple in structure to
theoexeelient praotical effects\beimgaattdimexd.oved pressure type
flowmeter and the |ike previously
[0025] However, when a flow rate is in a small flow quantity range of less than

approximately 10% of the maximum flow rate, problems that a practical flow rate
measurements or flow rate control cannot be achieved with accuracy arise in
reality.

[0026] Furthermore, with the said improved pressure type flowmeter and the
like, a measurement error (%SP or %FS) becomes comparatively larger to the
reference set flow rate when a pressure P2 on the downstream side of an orifice
becomes vacuum of less than approximately 200Torr, thus resulting in
occurrence of difficulties in practical use.

[0027] Itis an object of the present invention to provide a differential pressure
type flowmeter and the like at a low cost and simple in structure to solve the
problems with an improved pressure type flowmeter and the like previously

developed by inventors of the present invention, thus making it possible to



devel oped by inventors of the present invention, thus
meking it possible to 7 achieve highly accurate flow
rate nmeasurenents or control over a wide flow rate
range fromthe maxi mumflow rate (100% to
approximately 1 % of the maximum flow rate, and even
when a pressure P2 on the downstream side of an
orifice is in the vacuum and makes changes, by
toring the error, data obtained by actual .
achise, N AESUrRIE Spuf vzt MeSHFRMARISA,PoRD0! over 2w fiaw rate
by correcting flow rate cor‘rjputation val ues in )
rapge fpanthe makimumdlovoiate ¢1004) tmarproximaately teofthe maximum
the Obeec [0028] The present invention as clained in
flog raten and eveniwbanamrassyredts orcthesdawnsteedm eiderofan orifice is in
differential pressure type flowneter conprising an
the vatuuwe,and mdkée changes) byestering thef énondataaitained By aptual
the upstream side of an orifice, a detector to detect

meadurementy beforettaridlinthe iniemeardeiice andsthen by catfecting flow
orifice, a detector to detect a fluid tenperature

rafe"cdrifutaldh VaRBsSh ¥efePénc wih thd e§nreét a?t]awnt rol
conmputation circuit to conpute a flurd's ow rate

Mé’é\%sfonﬂcﬁigggé’H@Qﬁ&ctori fice wwth the pressure P1,
erature T detected by the
re tioned.detectors, the aforenentiqned fluid s

10G24).,"T TR pesnt IBieibB AR cipifeci RaHRH: s Adspottally 2o

Pi/~-T- ((P2/PI)m-(P2/Pl)r')"2 (where ClL is a
COBPQHHEﬁ% i"ﬂ“‘aﬁg dﬁ%@%%@?eme #&%ﬂpm&sﬁ%r QAERRSising an orifice, a

0029] The present invention as clainmed in Cdaim2 is
detestaniocdetart 3 fluid pressirei Rianthe wpstieam gidereframerifige, a

pressure type flowneter conprising an orifice, a
detstectoodetect alfuidmpreasirelPxbpthesdownstRian sidehaf ampetificsn @

side of an orifice, a detector to detect a fluid

detectostor detlet a fluiditenperatsire Faon thedgpstieadm sidki dfiareorifice, and a
detector to detect a fluid tenperature T on the

confrel ¢aAputatien cicuitfo 86Mmbutea flaiPs Aow et pasing through an
computation circuit to conpute a fluid' s flowrate Q

orifigé WiththkBresslite ), pressure P2 and temperature T detected by the

aforementioned detectors, the aforementioned fluid's flow rate Q is computed
with an equation Q=C1 + P1/{ T « ((P2/P1)™ —(P2/P1)")"2 (where C1 is a
proportional constant, and m and n are constants).

[0029] The present invention as claimed in Claim 2 is fundamentally so
constituted, with a differential pressure type flowmeter comprising an orifice,

a detector to detect a fluid pressure P1on the upstream side of an orifice, a
detector to detect a fluid pressure P2 on the downstream side of an orifice, a
detector to detect a fluid temperature T on the upstream side of an orifice, and a
control computation circuit to compute a fluid’s flow rate Q passing through an

orifice with the pressure P1 and pressure P2 and temperature T detected by the



orifice with the pressure Pi and pressure P2 and
tenperature T detected by the 8 aforenenti oned
detectors, the aforenenti oned control conputation
circuit is installed with a flow rate conputation
circuit wherewith a fluid's flowrate Qis conputed
with an equation Q=C - P1bFT - ((P2/Pl)m-(P2/ Pl )

n) 112 (where C, is a proportional constant, and m and

t cti r rcuit
at et Ne s dbrs, Tod AP e P eSS iRt st s
of . an_orifice obtained h ct ual asyrenment s
ingJaics BHh FUIGH dRtE R P B0 FreHLWBTWEn & JHF L HON TS ds
fluid's flowrate %are storable, and a f| ow rafe
coptuted withran eauationsRF6n + E1ic m-t((lPch)orre(az/R1he) (where C1is
af orenenti oned conputed fluid's flowrate Q with the
a propodmniabnonstant, andmtand rtare eanstamts) & comectimnydata memory
circuit, thus the conputed fluid's flowrate Q being

circoit whereid aihapges imtheopresbareoRs onthédowhsBsamssidi oPan orifice
t he downstream side of an orifice, to output a

obtalhe€ @)y%ufnél%éﬂkemehﬁ béfoféhardaRPHiowh8tePERSRf the
invention as clainmed in Caim3 according to Claim?2

afér%n?éhﬂo?\gaﬁ‘ﬁ:'ld é'flS\@ rE{@b argystblréﬁé‘létdd@ﬂow rhfd @?r?&ﬁfoho'
conput at | on

conputation circuit ressure ratro .
il R e SO el AR5 SR
w@bw&rqqtr&%nﬁﬁ%ia; e oo i
ing the aforenentioned conmputed

comré&@.@ ﬂt-!ldrSaﬂ% raﬁeoQ Deing corrected .deip@adlnsr@sgfearages@@ﬂ B,

and a No.2 flow rate conputation circuit to conpute
pressure|Rzian thefdawnsteeam gideyofiarn orifice; e outpuh ai canrepted fiow rate

(where Kis a proportional constant) when the fluid is

valued@t. critical conditions, thus outputting a fluid's
flow rate Q conputed with the aforenentioned No.2

[0036IW I The pPesant irdiention GisrclairiediheTlainh 8 a‘dcbrdin? fo @luimrz is so
critical conditions, and also outputting a f
cohk@ttitePirat 3/ instafing: QUithes B8Rt ddmpt8tidh eituit, a pressure ratio
computation circuit to compute the ratio of a fluid pressure P1on the upstream
side of an orifice and a fluid pressure P2 on the downstream side of an orifice, a
critical condition judgment circuit to judge a state of the fluid by comparing the
aforementioned computed pressure ratio and a fluid’s critical pressure ratio, and
a No.2 flow rate computation circuit to compute the fluid’s flow rate Q by using
the equation Q=KP1 (where K is a proportional constant) when the fluid is under
critical conditions, thus outputting a fluid’s flow rate Q computed with the
aforementioned No.2 flow rate computation circuit when the fluid is under critical

conditions, and also outputting a fluid’s flow rate value Q' corrected with the flow

rate correction computation circuit when the fluid is under non-critical conditions.




rate correction conputation circuit when the fluid is
under non-critical conditions. 9 [0031] The present
invention as clainmed in Claim4 is fundanentally so
constituted that flow rate neasurenents can be
performed with high accuracy over the wide flowrate
range by conbining a differential pressure type
flowmeter for neasuring a flow rate range of 100% 10%

t he_maxi num fl ow rate range,. and.a differentia
(00 s o 7B PYFRENt InxBRUB S RN TRLO BTG 405 fuAamaRi@lly so
range of 10% 1 % of the maxi mumflow rate range and
copstittied that flgwdate meastiterpents pandhg perfermed wih dégfraccuracy
with the aforenmentioned flow rate ranges using a
oventhecwidedflavarate range by spmpinihg afdifiergntiel priessure type flowmeter
af orenentioned differential pressure type flowneters.
fol m@a8irifg a flowesata range eh1 00M%- 05 of themathximud fiowrate range
according to Claim4 is so nmade that both

andi d Hiffeperitial pradstss type flowraetdrdvnmieastrinyg 8 flRRité Pamse of
differentia pressure type flowneters conprising an

iqlo} j Rely

1083 EE SRR Aot RO FaRGE 2 by YRR HIB Gbe T,
st aBEGTIBHES it B8 ABn ISR it Faesihing 2

on, t he stream side of an orifice, and a.contr.o
vl hindr vt 1o SEppBue i B atereTrentifioclifiSdintabaressyre

using the pressure Pl, pressure P2, and tenperature T
W%k‘%‘g’ﬂﬁerﬁy the aforementioned detectors, and the

aforenentioned fluid s flow rat.epg is _conputed with _
(003 eqlihe Present inventipn as/claimed ipfaim Praccordingto Ciginy 4is so

(where C is a proportional constant, and mand n are
made thad o) diffeertizll piessupe fperflowmetans iaos mexlectodendifferential

Claim6 according to daim4 is so constituted that
préssute dypé flownistérs qonfaiinic ah \opificé,| ® dBRictdro Aetedtrriftuit O

be differential pressure type flowreters conprising
préds e IF i SifthePupiticdh Sidel &t fHéffide, 8 detector to detect a fluid
pressure P2 on the downstream side of an orifice, a detector to detect a fiuid
temperature T on the upstream side of an orifice, and a control computation
circuit to compute a fluid’s flow rate by using the pressure P+, pressure P2, and
temperature T detected by the aforementioned detectors, and the
aforementioned fluid’s flow rate Q is computed with the equation Q=C1 - P1// T -
((P2/P1)™ —(P2/P1)")"2 (where C1 is a proportional constant, and m and n are
constants).
[0033] The present invention as claimed in Claim 6 according to Claim 4 is so
constituted that both differential pressure type flowmeters are made to be

differential pressure type flowmeters comprising an orifice, a detector to detect a

fluid pressure P1on the upstream side of an orifice, a detector to detect a fluid
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fluid pressure Pi on the upstream side of an orifice,
a detector to detect a fluid 10 pressure P2 on the
downstream si de of an orifice, a detector to detect a
fluid tenperature T on the upstream side of an
orifice, and a control conputation circuit to conpute
a fluid's flowrate by using the pressure Pl, pressure
P2, and tenperature T detected by the aforenentioned

det ectors afore ntio ed co tlon
présaUEe e g asleall SHET Psted”ei%ﬁeﬁfoa@ af'u'd

circuit wherewith a fluid' flowrate IS conp
temperatuieeT ofUbeiupstregrcaide ot@n qrifice, @@qbg/qqn;rm cverypptatpn

n),12 (where Cl is a proportional constant, and m and
cirnuuxtmcompgteaatﬂg}d’s flowaatechy Lsingdbe pressuse ?1 cpresaie P2, and

wherei n changes of a pressure P2 on the downstream
tempemtofe Tetedtéd by thdaforeméntipned detdctonseand timarent s

bef orehand and flow rate errors of the aforenenti oned

afdrevehtneEd@antrobéemputationtoiica is eqaipped Math 4 Hlow rate
correction conputatlon circuit to correct the

coMULAIE Er UIEWh &R £ flufd' ISl Patel QS E:@f‘hﬁu@def-tl'? thd'8quation

correction data fromthe correction data nmenory

Qe Cf*"l/t/'e 'I('jt QF‘?/qu'"p {; fyln ”j erré |§ leoﬁ%r%h%%o&?tant, and

correc depe on-’c an es O ssure

dovvnstr of .an rlflceto

m e L RtPaNeH 4 o entRl et " cirglf el phanges of a

invention as clained in CIQ% s f.unda tallgso
pressyeiRzanstepwnstigany side QlianorificepRiaing '

provided with a fluid inlet a, a fluid outlet b, a
messHementsbeforaland and flow raje. ertors gf theafasemantienadfiuig's flow

nmounting hole 17b for the No.2 sw tching valve 11, a

rateoQris istayetipand agkow rate gofreciiah pomputation aireuit do oorrectthe

the upstream side of an orifice, a nounting hole 18b

afér@mentidnedcconputed dluil'sifidweater QavitintHeneorceutiontdata from the
side of an orifice, a nmounting hole for a fluid

corRCH8H dath méﬂlﬁ?ér?f‘c‘ir%lt 4ha8 cbhfutes fitia’McW Fte @ baihg corrected
orifice, fluid passages 16a, 16b and 16e for directly
depRRdindPon BRANGLS 6F 4 bridduld PEbndne UBRNLRESMS4id8 Bf 8h diifice to
output a corrected flow rate value Q'.
[0034] The present invention as claimed in Claim 7 is fundamentally so
constituted by forming it with a valve body 12 provided with a fluid inlet a, a fluid
outlet b, a mounting hole 17a for the No.1 switching valve 10, a mounting hole
17b for the No.2 switching valve 11, a mounting hole 18a for a fluid pressure
detector 2 on the upstream side of an orifice, a mounting hole 18b for a fluid
pressure detector 3 on the downstream side of an orifice, a mounting hole for a
fluid temperature detector 4 on the upstream side of an orifice, fluid passages

16a, 16b and 16e for directly passing through a fluid inlet a, the undersides of a

mounting hole 17a for the No.1 switching valve 10, a mounting hole 18a for a

11



nmounting hole 17a for the No. 1 switching valve 10, a
mounting hole 18a for a 11 fluid pressure detector 2
on the upstream side of an orifice and a nmounting hole
17b for the No.2 switching valve 11 which are nmade in
the interior of the aforenentioned valve body 12, a
fluid passage 16f for conmmuni cation of the underside
of a nounting hole 17a for the No. 1 switching valve

10 and th updersi de of .a nmounting hol.e 17b for the
fuipiERSuTe deteRtpnaon e dbstieam il Oar tife 46 aMBpUNting hole

comuni cat i on_of the undersjde of a nounting hole 17b
17bder thesNongoswitehing ¥aivegl hWwihich are made intbentesios piitheof

a mounting hole 18b for the fluid pressure detector 3
aforemeéndionednaivecbodys 1 2ea filidepassagei16€ foraconmmudicatios @fj the

16d for communication of the underside of a nounting

undlersidé 96 afmountirg hidlei1d afoetrriNe. 1 slﬂitcﬂﬂmg)lvaﬁeom amethe
downstream side of an orifice and a fluid outlet b, a

uriderdide oPé&ﬁémmgijGWfoatr@le@sWiMiﬁ% a8 1 aGfuidn
orifice and a fluid pressure detector fixed to the

pa%ES%éf’fBEtférO&ﬁﬁnim ibg%f'i!ﬁé BRdérite8Ca i'r%bnting hole 17b for the

respectively, a uird tenperature detector on the

NGB RIERRGRYAFR ) A58 heBfiss O Moybing e T8h T the fui

orBFu B Sh b Tl hasH Sl R FaEHce DER hsage 164 o
wherewi t h openi ng, and cl osi ng are conduct ed between

coppaunigation R Widarside pf @ MeLBtRE: holen! @hter the, fluid pressure
passage 16c¢, an orifice Vfor a small flow quantit

dete@pag loadthg dlowasiream side of por@ifisetansha fuid euttet }bagsfénﬁa

16f, an orifice 1 " for a large flow quantity
pressitreldetecton? ondheafupstream side of ahlarifide @nssafieid| préssure
fluid passage 16b, and a control conputation circuit

detectopdined ta the aforermehtioned miotintify ok 18 afd 98B hespectively,
orifice 1' for a small flow quantity and an orificell

a fluid ¥mperataredetbbOn 461RtHd lipstrang BRI G A of yﬂ?f g&M e

P1, pressure P2 and tenperature T detected

sm?{é:ﬁ%ngﬁg{lﬁé gﬁ%é}éﬁlﬁﬁ Wenflig &% QloSing &8%ondaBRd between the
aforementioned fluid passage 16e and fluid passage 16f, the No.2 switching
valve 11 wherewith opening and closing are conducted between the
aforementioned fluid passage 16b and fluid passage 16¢, an orifice 1’ for a small
flow quantity installed halfway to the aforementioned fluid passage 16f, an orifice
1” for a large flow quantity installed on the aforementioned fluid passage16a or
fluid passage 16b, and a control computation circuit to compute a fluid’s flow rate
Q passing through an orifice 1’ for a small flow quantity and an orifice1” for a
large flow quantity depending on the pressure P1, pressure P2and temperature T
detected by the aforementioned pressure detectors 2 and 3 and temperature

detector 4 respectively by using the equation Q=C1 + P1/{ T « (P2/P1)™ —

12



detector 4 respectively by using the equation Q=Cl -
P1/,FT - ((P2/PI)" 12 (P2/P1 )n)1ll 2 thus making it
possible to nmeasure a flowrate in a large flow
quantity range by closing the aforenmenti oned No. 1
swi tching valve 10 and opening the No.2 sw tching
valve 1, while a flowrate in a small quantity range
i s nmeasured by openi ng the af orenenti oned No. 1

S\ j Nng va and osm the No.2 switchin
PETE™ B Trakr R nassbELBmons e foH rate b erasow
CIa|m8accord|n to Claim7 is so mude that a fl ow

quaatity naaggé)moslag 1@%01@%@!'00% Neak switehing salveal@ and

measured by closing the No. 1 switching valve 10 and
opeping the No.2 switchingsvalve Hi, wihile @l flaw tate indai $realthqtiantity range is
rate range up tol O% 1 % of the maximumflow rate is

measised &y dpenimethenafotémentionet Nuwi1t switahing shive 100arkhdlosing
closing the No.2 swtching valve 11. [0036] The

th@w2§w|tbﬁﬁg%|@]1ﬁs claimed in Caim9 according to
Claimi4 Claim7 is so constituted that either one

[0@1§ It he'{f}@ prés ||Né?\‘tlgﬂ a\éaéléﬁﬁ'\eq%)'\‘?i‘,lam 8%ccolihg 1 @%II&'I 7 is so

eto € a norm ose type varve

e %VE‘B%?‘%QB‘% VBABOYEINNR oY e FERruR G ARE R

meuren B 5’%@%&“% £ qﬁéiaﬁfﬁoﬁ%ﬂvg Pneews%ﬁﬁ‘g%g

claimed in Claim10 accordlngto c)mo
SW'@hng valve 11 h‘dh"%a[ﬂo&é@ﬁ? gangs ue to10%-1% oaém%maxanum flow
pressure on the upstream side of an orifice,

raferisseeasurgd bycapsnirg the Netleswitching valvarld and clnelngdwao 2
stream side of an orifice, and a tenperature detector
switchingdwdtleeti1a tenperature on the upstream side of an
orifice are made sharable with both differenti al
[00363s s UTRe tpyéserit imentioaras. claimed in Claim 9 according to Claim 4 or
Claim 7 is so constituted that either one of the No.1 switching valve 10 or No.2
switching valve 11 is made to be a normal/close type valve and the other a
normal/open type valve, and a operating fluid is supplied from one control
electromagnetic valve Mv to driving cylinders 10a and 10b of both switching
valves.
[0037] The present invention as claimed in Claim 10 according to Claim 7 or
Claim 8 is so made that a pressure detector 2 to detect a pressure on the
upstream side of an orifice, a pressure detector 3 to detect a pressure on the
down stream side of an orifice, and a temperature detector 4 to detect a
temperature on the upstream side of an orifice are made sharable with both

differential pressure type flowmeters.

[0038] The present invention as claimed in Claim 11 is characterized in that,
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[0038] The present invention as clained in Claim1l is
characterized in that, 13 with a differential pressure
type flow controller conprising a control valve part
equi pped with a valve driving part, an orifice
installed on the downstream side thereof, a detector
to detect a fluid pressure Pi on the upstream side of
an orifice, a detector to detect a fluid pressure P2
on t stream side,of an orifice, .a detector to
wifite gifers Lmrw%ﬁimeaﬂ%\wgoweﬂerﬁpénst @aqwﬁmEga'aP part
an orifjce, and a_  control caonmputatjion circui
equippesHuith i valvexdriying, pagh an@asiiisg insialiedton the F’OWnStfeam side
wherewith a fluid's flowrate Chpa55|ng t hrough an
theneiof,i a-detestar dordetent afluidiprasgure Reop the spsteeam side of an orifice,
pressure P2 and tenperature T detected by the
a détectorto detevt a fluid peesisares P2 andhé dewdsfréameside obah\weifioe, a
a conputed flowrate Qand a set flowrate s is

detédtriccdetet# flaidoteRipiraiuee T the _étrédnwdeaéf&arﬁbﬂlﬁce and a
conputed by the equation Q=C1 - Pi 1,FT - ((P2/Pl )ym

/
con(rB?é@rﬁpMHtloﬁ clre(ivegu ; s)w'&f 8 fB‘AﬁJm% ﬁ‘i}%ﬁlggf eiteLignt .

m and n are const 0039

LG 0 S AEL el @%feﬁ%%smpﬂ%’d b using
i

dovvnstre [ t her eof detector,_to detect a fl
deé??é@%%?@ G%quﬂfé%*a%‘%’\fe&&'rﬁ corprutad flgw mteiQ apd a set f'°W rate

detector to detect a fluid pressure P2 on the
Qsiisermpetes therforgmantionad flwd's flow wie & iscromputedibycthea

tenperature T on the upstream side of an orifice, and
equation@+01 - PofipTt af(PatP1)? r-e(R2P YL’ {pberevCs is a pfoportional

rate conparison circuit wherewith the fluid' s flow
constamt Qndncampntard coyistants)g the pressure P1, pressure

P2 and tenperature T detected by the aforenentioned

[09%9]eCt PhE pr&%ttil'i\ﬁént@hfa‘seél&ﬂf&i PeCIRAN 25s %ﬁ%ﬂt@ﬁ’zéd iAWhat,

rate Q and set flowrate @ is conputed, the

wn\il?mf ?[‘?ﬁ??f‘%@v ’b?g?%ﬁéttﬁﬁé IR BBl ebrhibfisitg a dohtHIVAREGfrt

equipped with a valve driving part, an orifice installed on the downstream side

thereof, a detector to detect a fluid pressure P1on the upstream side of an orifice,
a detector to detect a fluid pressure P2 on the downstream side of an orifice, a
detector to detect a temperature T on the upstream side of an orifice, and a
control computation circuit equipped with a flow rate comparison circuit
wherewith the fluid's flow rate Q is computed by using the pressure P1, pressure
P2 and temperature T detected by the aforementioned detectors, and the
difference between a computed flow rate Q and set flow rate Qs is computed, the
aforementioned control computation circuit is equipped with a flow rate

computation circuit wherewith a fluid’s flow rate Q is computed by the equation
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conmputation circuit wherewith a fluid's flowrate Qis
conputed by the equation 14 Q=ClL - Pi-FT - ((P2/Pl)’'
-(P2/P1)1)1/2 (where Cl is a proportional constant,
and rn and n are constants), a correction data nenory
circuit wherein changes of the pressure P2 on the
downstream si de of an orifice obtained by actual
nmeasur enents beforehand and flow rate errors of the

afor I fhui dosflhaw rate O.are stored, a flow
QP PITrE OB G RN B it i b Begattignal dhostant and
af grenmenti oned conputed fluid's flow rate Qwth the
m @pAITLake GANSLANtS). A oRraalen daiA MameRFifgHit MIREAB:Ghanges of the
circuit, thus a fluid' s flowrate Q being corrected
pressive d2oh the dawnstieanysidessf an grificesahtained byractual
downstream side of an orifice, and the corrected flow

meagwrementebéfordranugandiflow rate drrors lof thed aforeraehtiometifiuid’s flow
flow rate conparison circuit to conpute the

ratdl Qfzre etoredoé floworate abeéction Esthbufation[ciieditlo Ebeect the

present invention as clained in Caim13 according to

aféfefhdhtibAet TonfsutE@ IS bR Fafe @lwittPthe dbttettibh Mo the

control conputation circuit a pressure ratio

cofreEhan ﬁhiag@egrﬁ]dry h‘éﬁér&u%gggg i@ s R r;a?é bobé’iﬁg Lohrett

pr essure reamside o fan orifice an a
AP AT T et on e
sl 8550t o i PR PR ooy fow

critical pressure ratio, the No.2 flowrate
ralegrRinPafishCiEguitdgicompute dhg difierenge of fipw rates WA Q=R'e Qs.

by using the equation Q=KP1 (where K is a proportional
[0@40]st ahbhe piesent inventibh@scclaimedhineClaim i183i acgiording to Claim 12 is

conditions, a fluid' s flowrate Q conputed by the
soadamstituted thatebly Mstallind with eccontrdl @bmputatiorceirduitvdn presisoee

fluid is under critical conditions and a fluid' s flow

rafi@ t6mipataton(@ircuitits eohfsité tamtdtiocofld Miid préssure P then
conmputation circuit when the fluid is under

SRR 5 A G 1 RGBSt BEREAHI ol f o
orifice, a critical conditions judgment circuit to judge a state of a fluid by
comparing the aforementioned computed pressure ratio and a fluid’s critical
pressure ratio, the No.2 flow rate computation circuit to compute a fluid’s flow
rate Q by using the equation Q=KP1 (where K is a proportional constant) when
the fluid is under critical conditions, a fluid’s flow rate Q computed by the
aforementioned No.2 fluid computation circuit when the fluid is under critical
conditions and a fluid’s flow rate value Q' corrected from the flow rate correction
computation circuit when the fluid is under non-critical conditions are inputted

respectively to the aforementioned flow rate computation circuit.

Effects of the Invention
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Effects of the Invention 15 [0041] Wth the present
invention, the structure of a differential pressure
type flowreter and the like is remarkably sinplified,
and it is so constituted that a flow rate conputation
Is perfornmed by using a novel enpirical flowrate
conputation equation which nakes it possible to
obtain a conmputation flow rate val ue corresponding

[0@4 %thtntﬁgs uég%m/}&\l( u '°5'nh"§ ﬁté@qr:}p e Cﬁj %gﬁérentraLf pressure type

rranufactured at | ow cost, and noreover, they take an
flowmetee and the likgis remarkably skaplifiedh and itds ﬁgtqoa\rsmt@ed)that a flow

fitting positions, and a control flowrate is not
ratengoroputatian nsaaelrfqumd by using a newaliempicibalfipye rate mabiputation
hi ghly accurate flow rate neasurenents or flow rate

equation ehichnnrakes ittpossiblé & 4Blaiassompuitation fiswrars&ilte
invention, it is so nade that a control conputation

cofriespohdint SWiBFitherrRgss et ahuc Rith fPﬁéH 8bcaky tABSBNowing the
circult or pressure changes a correction

floWrhé&tar Bnél e ke %@hﬁv%tﬂﬁctﬁréa"éf Iﬁﬁﬁe%stt iy nﬁ?@&rérn%ey take

easy correction even en pressure changes aril se
{.
arAing B 4P care Bnd wiRoRl borksiBintg S q%aeoesreo Pﬁfi a
hi t ual b I d
co‘éf‘r&g&wSgteaﬁéﬁggﬁl'uéoéé‘d néafabal by piessive cbagees
ide of an orifice is under a vacuum (a |ow pressure
hlghly pecurate lawdatrsmepsulenterds of flewHateeerirolin realtive.
resent invention, it is so nade that a differenti al
[0642]s s uAlsot with the presansinvesttion, i issso madethatiacontrgl and

a differential pressure type flowneter for a |arge

cofrputatipracitéityis @qaippegiawitit al doyreetidn idate gremhdry circuit for
assenbl ed. Therefore, highly accurate flowrate

presssdichargés, aMd & correctich ¢it&) foph dopssutatibflow rafs, 8ils

can be perforned continuously over a wide flowrate

engggﬁqa eh&yp Hbrr%&%or[ é\gegrg\;vg\)b(ﬁ\#éeiéﬁe %Qﬁﬁs BAsé oftRE 'sebbidry
side of an orlfrce. Therefore, highly accurate flow rate measurements or flow
rate control can be achieved virtually without being influenced by pressure
changes even a pressure P2 on the secondary side of an orifice is under a
vacuum (a low pressure of less than 50Torr).

[0043] Furthermore, with the present invention, it is so made that a differential
pressure type flowmeter for a small flow quantity and a differential pressure type
flowmeter for a large flow quantity are organically and integrally assembled.
Therefore, highly accurate flow rate measurements with errors (%SP) of less
than 1 (% SP) can be performed continuously over a wide flow rate range from

the rated flow rate (100%) to a small flow quantity (1%) or approximately 1 % of

the rated flow rate, by both differential pressure type flowmeters being switched.
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the rated flow rate, by both differential pressure
type flowneters being switched. 16 [0044] In addition,
with the present invention, the control system can be
further sinplified by making the switching operation,
for both differential pressure type floweter for a
smal |l quantity and differential pressure type
flowmeter for a Iarge quantity, automatic with a

10358017 ﬁéﬁ P8 e s8Nt mvabiipt.dbe conltal Skster can be

act.ic ffects that all types of gases are
f“ﬁéﬁ '%ﬁ’ ¥ spaking theyswijehing ﬁ@ewt@@, qrdeth differential geessure
wi th hi h accuracy even when a gas of less than 1
tYl@Dﬂ@an gter f%@osraaﬁ/qua@ﬂty anddlifierentialepressurertyps floweneter for a
type flowneter and the |ike are structured sinply and
large quantity; @stomatic eith Besinglepsystemadontiobsighargegs [ 0046]
Figure 1 is a basic block diagramof a differenti al

[0p458issune statedrabiove, theqsresehtiBvémstidmacHibves e%éneﬁt ??é‘étlcal

of the present i nvent i on. [0047] Figure 2 is a gram

effeetsSiharvaR typds @ffg%"sé‘é.ta% infdastfe@br &iﬁﬂrflgegf @{Hrgﬁé W|de gow rate

pressure type flowreter in Figure

o gp i1 306 %&ynyﬂ@e R T —
o T A5, o RS e

dovvnﬁtream si de of an orifice is the vacuum [0049]

[ e 4 shows a neasurenent circuit utilized to
obtaln data in Fi gure 3. [0050] Figure 5 is a basic

Brief Rlascrption ehtherDeawings er enti al pressure fl ownet er
according to the second enbodi nent of the present

[0046)ent Figure [1 49 8 Haski block deagramaofumdifferdnitiat sredisags fiowaieter
a differential pressure flowreter

according to the first embodiment of the present invention.

[0047]  Figure 2 is a diagram to show error characteristics of a differential
pressure type flowmeter in Figure 1.

[0048]  Figure 3 is a diagram to show the relationships of “a flow rate, the
secondary side pressure and error” in the event that the pipe resistance on the
secondary side is changed at the time when a pressure P2 on the downstream
side of an orifice is the vacuum.

[0049]  Figure 4 shows a measurement circuit utilized to obtain data in Figure
3.

[0050]  Figure 5 is a basic block diagram of a differential pressure flowmeter
according to the second embodiment of the present invention.

[0051]  Figure 6 is a basic block diagram of a differential pressure flowmeter

according to the third embodiment of the present invention.
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according to the third enbodi nent of the present
invention. 17 [0052] Figure 7 is a systemdiagramto
show t he whol e configuration of a differenti al
pressure type flowneter according to the fourth

enbodi nent of the present invention. [0053] Figure 8
is a cross-sectional schematic diagramof a major part
of a differential pressure type flowreter according

[0?%201228 F&ﬁﬁ‘é t7hs %’%@’érﬂ%ﬁ)ﬁ{?ﬁ {dhow i &Rble %%?@hi’ﬁ[bn ofa

] Figure 9 1I's an e anatory draw ng
e\t el reaf | . ,fferepntial pressur
et s aRE tibe ABWRERF Ebcrind O ohe o eopRirieitgy the
nd. a normal cl ose type switching valve are
m%ﬁ%ﬁgvgﬂﬂﬁ%%ording to the present invention. [0055]
Lgure _10 ig a basic block diagramof the first

lo&%@odi Figyre gf's a crass-pectional schematie diagrammf & major part of a
controller according to the present invention. [0056]
differgotial presswedypea Spwnigtecacatrdiggdatioé faurth smboditnent of the

enbodi nent of a differential pressure type flow

presatmtimvendionaccording to the present invention. [0057]
Figure 12 is a basic block diagramof the third

[0@54]odi Figate Ofis an ekpldratemtdrawing @ﬁé%/ﬁcﬁiﬁg%pﬁa'ré%no%ygéTm of

controller according to the present invention. |

a diffétentiall présSure Hpe fowrhaek fH AdER Y ﬁrg@%ﬂ?géﬂﬁ%%‘vswitching

enbodi nent of a  differential pressur
vafieHida Ofmargees i fiucia PaFE e chiiBied: foaroing g the
PR IVeRonS S G agr am t o show f1ow charasteri stics of
(ofih1, T DEGHGE 10 PS8 bopicrilod Ginsuarmi the st sribasimentota s
differential pressure type flow controller according to the present invention.
[0056]  Figure 11 is a basic block diagram of the second embodiment of a
differential pressure type flow controller according to the present invention.
[0057]  Figure 12 is a basic block diagram of the third embodiment of a
differential pressure type flow controller according to the present invention.
[0058]  Figure 13 is a basic block diagram of the fourth embodiment of a
differential pressure type flow controlier according to the present invention.
[0059]  Figure 14 is a block diagram of an improved pressure type flow
controller disclosed previously.
[0060]  Figure 15 is a diagram to show flow characteristics of an improved

pressure type flow controller disclosed previously.

List of Reference Characters and Numerals

[0061] Q Empirical flow rate computation equation

18



[0061] Q Enpirical flow rate conputation equation 18
[00621 Q Corrected flowrate [0063] @ Set flow rate
[0064] SF Standard flow controller (a pressure type
flow controller) [0065] A Differential pressure type
flowreter [0066] V21-V23 Control valve on the
secondary side [0067] VP Vacuum punp [0068] a Gas
inlet [0069] b Gas outlet [0070] Oifice [0071] 1

fic for as quantlty [0072] 1 " Orifice for a
m%ﬁge éJ 3? teAbsol ute pressure type pressure

det ect ar on the upstream side of an orifice (0074]
[0063l01 ulls $etdlovuratet ype pressure detector on the

downstream side of an orifice [0075] Gas absolute
[00&4iper SFuBtandatd:fiaw controliérd aypessurertype flewalontrolier)

orifice [0076] Control conputation circuit [0077] 5a

[06BSw r At eDiffengntizdpressuce type lowrhefef8] Sb Correction
data nenory circuit [0079] 5¢c Flow rate correction

ot or ool ahe P H i bB8 Sre "
[oégﬂput b \AMEUtng BHHP for conputing a flow rate under
[0068] a Gas inlet

[0069] b Gas outlet

[0070]  Orifice

[0071] 1’ Orifice for a small quantity

[0072] 1" Orifice for a large quantity

[0073]  Absolute pressure type pressure detector on the upstream side of
an orifice

[0074]  Absolute pressure type pressure detector on the downstream side
of an orifice

[0075] Gas absolute temperature detector on the upstream side of an
orifice

[0076] Control computation circuit

[0077] 5a Flow rate computation circuit

[0078]  5b Correction data memory circuit

[0079] 5c Flow rate correction computation circuit

[0080] 5e Critical condition judgment circuit

[0081]  5f Second flow rate computation circuit for computing a flow rate under

critical conditions
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critical conditions 19 [0082] 5g Conparison circuit
for a set flowrate and conputed flowrate (0083] 5'
First control conputation circuit [0084] 5" Second
control conputation circuit [0085] Flow rate output
termnal [0086] Power input termnal [0087] Gas
supply facility [0088] Gas use facility (a chanber)
[0089] No.1 switching valve [0090] 10a Driving

i nder 0091] Na.2 switching valve [0092] 1lla
o8N ngg PRIiSoN gitsedSor asel fiowadate afldzﬁomﬁﬁlqdnﬂl@lv rate
art el ement {0095] 12b Gas outlet part el enent
(008 o6] S'1FiEst qentrol eeraputationwircuit] 0097] 12d No. 2 body
el enent [0098] 13a - 13b Seals [0099] 14a - 14b
[0084Int | DgSecdnd; controlmomputationieirewit ors [ 001001 15a -
15b Di aphragm val ve nmechani sns [ 00101] 16a- 16f

[0688]s agElwW d 0dfput Termibant i ng hole for the No. 1
switching valve [00103] 17b Mounting hole for the

[0086]2 SPbweRinpiit ¥eHigall 00104] 18a Mounting hole for a
pressure detector on the upstream side of

[0087] Gas supply facility

[0088] Gas use facility (a chamber)

[0089] No.1 switching valve

[0090]  10a Driving cylinder

[0091]  No.2 switching valve

[0092]  11a Driving cylinder

[0093] Body

[0094] 12a Gas inlet part element

[0095] 12b Gas outlet part element

[0096] 12c No.1 body element

[0097] 12d No.2 body element

[0098] 13a - 13b Seals

[0099] 14a - 14b Mounting bolts for pressure detectors

[00100] 15a - 15b Diaphragm valve mechanisms

[00101] 16a-16f Passages

[00102] 17a Mounting hole for the No.1 switching valve

[00103] 17b Mounting hole for the No.2 switching valve

[00104] 18a Mounting hole for a pressure detector on the upstream side of

an orifice
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an orifice 20 [00105] 18b Mounting hole for a pressure
detector on the downstream side of an orifice [00106]
21 Control valve [00107] 22 Valve driving part

[00108] Mv Control electromagnetic valve [00109] Sc
Control signal Best Mbde to Carry Qut the Invention
[00110] The foll om ng enbodi nents of the present

i nvention are described hereunder with reference to

OB 18 s a1 s A8 Feam s o

according to the first enbodi nent of the present
an of ion. The said differential pressure type
fl owreter conprises an orifice 1, an absolute pressure
[0Q108) petCamtrol Malvect or on the upstream side of an
orifice 2, an absolute pressure type pressure
[0QtAHct 32 Valve: drivingppart r eam si de of an orifice 3, a gas
absol ute tenperature detector on the upstream side of
[0G1D8]r i MvdGortrol®lestrdamagnetiogzNeat i on circuit 5, an
output termnal 6, an input termnal 7, and the |ike.

[0610D] 8Scdrsitnaignal @ gas supply facility and 9 a gas
use facility (a chanber). [00112] Wth the

Bedt MR Calry IR 188 ifventiBR f! owneter according to the
"p_%vr%mkﬁmr esent 1 ;< fl ow rate Q passi ngd.t[]rough
£ . i tjon
(oG ' The byt ShiahBhE 't priers TleRibS 2k pesBibed

irical fl t ti th
heg%’-ﬂ%@ﬁ&ﬁ&[ﬁé%glﬁgﬁ?% %%"‘?’"S%Sat Ihgncg?rput :d val ue is
. e
W@H‘%:“cﬁi%ﬂrﬁta i g%a%lijé 5'58'%6 ﬂ}a)gﬁahr or%?%@t gieﬁ?%Jr{tﬁi%rcetsgere (ypn a)e

flowmeter according to the first embodiment of the present invention. The said
differential pressure type flowmeter comprises an orifice 1, an absolute pressure
type pressure detector on the upstream side of an orifice 2, an absolute pressure
type pressure detector on the downstream side of an orifice 3, a gas absolute
temperature detector on the upstream side of an orifice 4, a control computation
circuit 5, an output terminal 6, an input terminal 7, and the like. And, 8
designates a gas supply facility and 9 a gas use facility (a chamber).

[00112] With the differential pressure type flowmeter according to the present
invention, a gas flow rate Q passing through an orifice 1 under differential
pressure conditions (that is, under non-critical conditions) is computed by an
empirical flow rate equation as the below-stated equation (1), and the computed
value is outputted to the outside through the output terminal6. Q=C1 +«P// T -
((P2/P)™ —(P2P)M)V2 « « v (1)

[00113] The aforementioned empirical flow rate equation Q is what is newly
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[00113] The aforenentioned enpirical flow rate
equation Qis what is newy 21 introduced by inventors
of the present invention based on the follow ng flow
rate equation (2) based on the previously known

conti nuous equation. 2 1C+ 11 QC=SPl)cf P21 P
2 IRT ic-11 P jj [00114] Wth the equation (2), 6

desi gnates a gas density, ic a specific ratio of a

oA o o
a ture, s constant, and S a
eo&ag (é)sg% an thg BEFVGQLPS&‘(WW'F ceptinugus eqyatiosquat i on

(2) has been publ icly known. [00115] Wth the
af orenenti oned equation (1) according tox#he present

inventign, defignat es %

%ﬂvﬁm Eﬁr% £ Flﬁ I*Ggifl ci gt

i ncl udi ng‘sa cro ct‘Fona red d orifjce P|
an absolute pressure (Pa) on the upstream side of an
orifice, P2 an absolute pressure (Pa) on the
downstream side of an orifice, and T an absolute

tenperature (K) on the upstream side of an orifice.
[00116] mand n are constants determ ned by conputing

[00t14]f NAGthstheequafiod )i § hdesignatesal g@mdéﬁ’élty, V% t 5 sﬁecmc ratio
fl owmmeter having an orifice neasuring 2.

fdi g Pea freasutedor1ig Wpslidan® YideadfearPbrif
¢ anﬁ in F?ﬁe equat i omr;w(ﬁl) becone C1 rég%g%%&slréz dfi the

doWhdtrea glélﬁe%f ?gliscgﬁféé' T¢ Yas {e%%ér;lurghﬂraeg%sq cBRstQﬂF %% a

say that t consta

R, e SR, eSS o

n=1.7143.
Known.

[00115] With the aforementioned equation (1) according to the present
invention, Q designates a volume flow rate (SCCM) converted to a standard
state, C a coefficient including a cross-sectional area S of an orifice 1, P1 an
absolute pressure (Pa) on the upstream side of an orifice, P2 an absolute
pressure (Pa) on the downstream side of an orifice, and T an absolute
temperature (K) on the upstream side of an orifice.

[00116] m and n are constants determined by computing « of N2gas «
=1.40 with the equation (2). With a flowmeter having an orifice measuring
2.0mm ¢ in diameter ¢ and a maximum flow rate of 2000sccm, C1, m and n in the
equation (1) become C1=2680, m=1.4286 and n=1.7143 respectively.

[00117] There is no need to say that the said constants C1, m and n change
depending on the measurable gas type. In the case of the N2 gas, it has been

known as m=1.4286 and n=1.7143.
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22 [00118] Figure 2 is the neasured values to show
relati onships of a set flow rate value (%, pressures
Pi and P2 (Torr) and error (%SP) of a differenti al
pressure type flowneter (100% set val ue 2000sccm in
Figure 1. Flowrate errors are found to be of
extrenely mniml values (less than 1 %6P) to a set
flow rate val ue (%9 if the set flowrate is around

9 10% flow rate=2
loéﬁfﬁ? oEEUR 245 W messuiRvalesto SN asiatnasube ol st flow
| ess th n 50Torr. }00119 However, when a set flow
rafe;yalug 4 q)epr|e§sw@§ tanehPa Gon) andierrar (#SR)eef a diffegantial
i mpractical use because a flow rate error becones nore
presgiufe type/fipwmelgre(] 00% set Valuen2080scon) indigurel s sFibhenate
10(% . [00120] Figure 3 is a diagramto show
errazs aré towndi tpbeodf extrenealy oririnkd véallesr(Jessithan HO6SP) to a set flow
secondary side of an orifice, a set flowrate (%,

rater value (¥YiRhe aetflowpatedis 30004 1 0CRY (10% (df ehé RIH@MYflow
side of a differential pressure type flowneter

raRE0008kEH) Edert Meﬁfg%%eﬁfbssm\é§ /;'a?ﬂ Pé(gg:%f l‘fnogé?égé vaBulihr

event that a set flowrat
%ﬁcﬁ'ﬁTo%C 400sccm 9d 600sccm 9g 1200sccm 9j
scm and 9k 2000sccm (100% respectively. The

flo te of a differentia ess i
[0@%*4 " ottt WHeie SpbiPheteiie siSss st 1adh’ peféqu‘iti s
LI ow rate values (%, as shown in Fig
arSg RPEATISRKUSE BRGHNSS: 3 GW TataskiTOr BearBos mate thiva—4(%SP)
valve and the like are not installed on the pipe
whensa sgtflow ratenvalae istlessitharhOE®k outl et side of a
differential pressure type flowreter, rhonbus marks

[06120) eFigure 3(is@Rliagnam toeshove nelatldmaethlps obapredsure #2(TForr) on
wth a Cv value of 0.3 on the outlet side of a

il oo stk e et g
cofditions on the secondary side of a differential pressure type flowmeter
according to the present invention, where 9a is in the event that a set flow rate
(%) is 100sccm, 9b 200scem, 9c 400scem, 9d 600scem, 9g 1200scem, 9j
1800scm, and 9k 2000sccm (100%) respectively. The maximum flow rate
(100%) of a differential pressure type flowmeter employed herewith is
2000scem.

[00121] Among set flow rate values (%), as shown in Figure 3, square marks
show errors (%SP) in the event that a valve and the like are not installed on the
pipe passage (4.35mm ¢ + 100mm) on the outlet side of a differential pressure
type flowmeter, rhombus marks show errors (%SP) in the event that a control

valve with a Cv value of 0.3 on the outlet side of a differential pressure type

flowmeter is installed, and triangle marks show errors (%SP) in the event that a
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23 control valve with a Cv value of 0.2 is install ed,
and circle marks show errors (%5P) in the event that
a control valve with a Cv value of 0. 1 is installed
respectively. [001221 Nanely, as apparent from Fi gure
3, when pressure conditions in use are in the vacuum
(Il ess than 50Torr), relationships of a pressure P2 and
a flow rate Q change substantially dependi ng on

oo QB 5808 o B BGQRMEY e et shw rors
f ! errors (%6P). [00123] Therefore, at the tine
°?§B)a'gj thé event thase cordrol valvenithea Cpr eale o Otyigdnstalled

flowreter, flowrate errors (¥%5P) are neasured in
regRalively. f or cases wherein the secondary side pipe
resi stance (a conductance) is changed (with 4

[0Qb2R]i t Namelyras apparéntfoomtFigire 3,hme2ﬁl3fe$@ﬁré:b@huiﬁor$§ in use
and correction coefficients to cancel the errors are

arelin theneatuum gesstiem 50T018), réléitué‘ﬁh‘@e?bf @Préds% P3LAd a flow
values Q conputed with the enpirical ow r at

ra@@dﬂha‘hﬁe(shbs’!ﬂrﬁ@ll? Be éhamg ot ;?Plglﬁéﬁrﬁ?tdﬁt%is% fHle’ Stlohadry

using the said correc I on Coef

sidt{the Qbﬁ'rné*sféﬁﬁné'éé%B%H?E'“E@éi@%d%@%‘éﬁa§R§$é'§beerreovr§?%sp>-
(0G5 T ResBirs pF iR o) BfiuctBE o GMawtua brasaurs type
oL TioW el ST, (96 5F) P68 IReBLIGEbin AdARCEdRt Fasasahersin
th%ggl oyed for a standard flow controller SF, and a

gondlary sidecpige fﬁ§lstaé\$§\(atﬂojhdy@t@ncehIStmangadrﬂyﬁh 4
ping conditions on the secondary side, to adjust the

COﬂdka\S andatdil pwints wp they/casesof| Mguten3 )y and djonriction abeffitients to
poi nts) at an interval of 200sccmover the flow rate

caneeldhe @frots @fs obtairkaDinsadvantg. uFhag, b @oﬁsékttmgsﬂ@lﬂﬂétéd/alues
flow controller SF, to neasure P1, P2 and of

Q Sbmpeteenhith tha etz flbwiatd LQUERIEM) Wthatﬂg fl%kc\?&tet 0
measure a pressure P2 on the downstream si of an
cofiputatich &R § LERg the said correction coefficients, highly accurate flow
rate computation becomes possible even when a pressure P2 on the secondary
side of a differential pressure type flowmeter changes under a vacuum.
[00124] Figure 4 illustrates a measurement circuit to obtain error correction
coefficients in Figure 3, for which a pressure type flow controller is employed for
a standard flow controller SF, and a control valve V2 is removably secured to
change piping conditions on the secondary side, to adjust the flow rates of a
supply gas (N2 to be adjusted at 11 points) at an interval of 200sccm over the
flow rate range of 100sccm-2000scecm by using the said standard flow controller

SF, to measure P1, P2and Q of a differential pressure type flowmeter A, and also

to measure a pressure P2 on the downstream side of an orifice each time
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24 adjustnment is made. [00125] Adjustnents of the
secondary side pipe resistance were made on 4 cases,
that is, when no control valve V2is used (or when a
differential pressure type flowreter Ais directly
connected to a vacuum punp with an approximately 1
00mm | ong pipe of an internal dianmeter of 4.35mMmO0 ),
when a control valve V2 wth the Cv value of 0.3 is

e control valve V2with the Cv value of 0.2
a(ﬁiﬁﬁ?éﬁh g@% €ahen a control valve V2with the Cv val ue
082‘%& %le used '100126] As nentioned above, flow
[ justments ofdhe secandayyiside pipe: iRsistance were made on 4

100scm 2000sccm [00127] Furthernore, errors(% SP)
cagep cthab isp whed pe cortroloive Yaisfused (oawhenatifferartiabpressure

flowrate value of A)/a flowrate value of SF - 100%

typefoesleter Aupgirgcty esrmectedPto 4 vasuphas P Wlmmafa;br@wmately
controller was approxi mately 300kPaG and the

100pararidag pips cfcarpintémaPdiaficter 6f 4.85/nk b8! ﬁﬂéh 3 control yalve V2
pressure type flowreter A was continuously evacuat

t (RN
o el 2 i oo ey 2o Wé'y%?@x@ﬁ*e@%% Vallle of 0.2
247 fromthe
s gécon rngﬁ e@%ﬁ@g%% \?ﬁ&'ﬁ? W&@Mﬁr@qé‘? H§ ‘ﬂn pe
traight taln ess steel pipe o
(off2d], b hdhtfired Hive. JoduRisier e s geR atd 1 Qishetween
ly flow rate froma pressure type flow
10@89(“?%6 céF was made to be 1 000sccm the neasured
val ue of a differential pressure type flowreter A was
[0@ 1Al ox withemore, euetscit% §)Fﬁugerarcoenptaed las\followarcarflave rate
and the secondary side pressureP2having been

valuepefoSir maadiow tate malue & A)/a Aowyratesalugiof SR ha00%.
supply flow rate fromthe SF was 2000sccm the readout

[0ef28] dAfsnppWreakureﬂ?ﬁaSwp@stl@tybéCfWé&ﬁtro‘NeY‘@fas
1920sccm (an error E was-4%5F), and the
approximately 300kPaG, and the secondary side of an orifice of a differential
pressure type flowmeter A was continuously evacuated by a vacuum pump Vp
(300 liters/min and the maximum pressure achieved 1.2 + 10 2 Torr).
[00129] For example, when a control valve V2 was removed from the
secondary side pipe, to form the secondary side pipe only with a straight
stainless steel pipe of an internal diameter ¢ =4.35mm and a length L=100mm,
and a supply flow rate from a pressure type flow controller SF was made to be
1000sccm, the measured value of a differential pressure type flowmeter A was
approximately 100sccm, thus an error having been zero and the secondary side
pressure P2 having been approximately 18Torr.  Similarly, assuming that a

supply flow rate from the SF was 2000sccm, the readout of a differential

pressure type flowmeter A was 1920sccm (an error E was—4%SF), and the
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25 secondary side pressure P2 was approxi mtely
29Torr. [00130] Simlarly, by changing conditions of
the secondary side pipe, it was found that, even
under conditions that a supply flowrate fromthe SF
was 2000scm (100%, with Cv=0.3 the error E was - 1%5F
and P2 was 34.5 Torr, wth Cv=0.2 the error E was

-0. 05%8P and P2 was 40.5Torr, and with Cv=0.1 the

O/P nd P2 was 5 T, . [00131] Thus,
Se??"‘ﬁ?'f%&%é %%%WP’PH' S& @fé’" a tabl e has
as, bel ow to show the associ ati on of
[Oﬁﬁ%ﬁge LYEV angingmengitionseof the sasendannsidedpipef it was
orifice and occurrence of errors (%P) at all the set

found hat; even vaderceonditioms. thatraisupply flowseate fioomtHeaSE Seds
val ueCondi ti ons of passage on the downstream si de of

2089somi (106&6)( Wit CumCe3 thmdiror Brwas Pr ¢8R an@P avas 345 Torr,
%sccndownstream side of Error E (%GP) an orifice

withTOv=(.21fie erid) 2 Ma834-(605% SF0aid P2 Was2fD. 51, ihd2Rith Cv=0.1
50100020. 1+1. 9

the error E was +2%SP and P2was 59.5Torr.

[00131] Thus, from the results as shown in Figure 3, a table has been

established as below to show the association of changes of a pressure P2 on the

downstream side of an orifice and occurrence of errors (%SP) at all the set flow

rate values (%SP).

[Table 1]
Conditions of passage on the downstream
Set Flow Rate Set value side of an orifice (Pressure conditions)
0 Pressure P2 on the
%o scem i

downstream side of | Error E (%SP)
an orifice (Torr)
29 -4
34. -

100 2000 > L
40.5 -0.056
59.5 +2
18.2 0
20.1 +1.

50 1000 1.9
22.5 +2.1
32.0 + 3.1

[00132] Namely, with a differential pressure type flowmeter to be used under
the vacuum of less than approximately 100Torr, correction data in the

afore-shown Table1 are utilized to correct actually measured values of the
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22.5+2.1 32.0+3.1 [00132] Nanmely, with a differential
pressure type floweterto be used under the vacuum of
| ess than approxi mately 100Torr, correction data in
the afore-shown Tablet are utilized to correct

actual ly nmeasured val ues of the 26 differenti al
pressure type floweter in the event that a pressure
P2 on the secondary side of an orifice changed for

S EPEALFHEEI 1G58 el RAGEh (R BT kel prpn e

QOsccm,(100% di splays 00sccm for the neasured
Seégl‘g%’y %géogagpé@ggpbaxwg WLIFHMIANEEE si de of an
|fice is 60 Torr, it nmeans that the measured value
[0‘? i%ﬁioSEewxarﬁeleu fesdiffarantiabpressam type floemetenimuse ith
nmeasured val ue of 2000sccmis corrected to 1960sccm
2060seemr(30074) glisniays+20005co0 o4 thé-npasaréd valuesandagaessure
basic constitution of the present invention for which

P2tdrethef dovemstrasino sieié ofaar oxficeois BETHIF, it meaiB tiexare nidwsured
is, acontrol conputation circuits 5 of a

vailigf (20008t ¢rn) inelrieslrtelryP@SPYOFeDe. iThdd
show ng the}fi rst enbodi ngﬁt P?)s equi ppedé:\i\n%ﬁqae]asured value

of 20008€drh WcEréRedRTADBOEER %E'tcorr'f_ét&tif@ g%ra+% J{SOW rate

val ue correction conmputation’circul 0135]
B/~ . t rream si de of an
(0GFIHT: YEiofres Aitaler & £8ic ASTRIAN 1387 bissh husilion for
S| aflowrate enpirical equation with the

whigh 1 Afretoraienddiorreatoraniane & HioRlyBAcLThabE, arontrol

gw out the error (%P) with a pressure P2 fromthe
CoptpUtatian eretifgtoaohe dial pressuse typenflewrseteriin Kigurg 1

much of the said error (%6P) fromthe aforenentioned
shewing thetfisstempodimentis equipped @itinal courepiion data memary circuit

output termnal 6 to the outside, a flow rate val ue
Sb@ndca flow rate valuemornectibn compubdtion cifduitrSecor rect i ng

with the correction conputation
[00135] Namely, a pressure P2 on the downstream side of an orifice is referred
to a flow rate value Q computed by using a flow rate empirical equation with the
aforementioned flow rate computation circuit 5a, to draw out the error (%SP)
with a pressure P2 from the correction data memory circuit 5b, thus eliminating
much of the said error (%SP) from the aforementioned flow rate computation
value Q and outputting, to an output terminal 6 to the outside, a flow rate value
Q' close to vicinity of the value after correcting with the correction computation
circuit 5¢.
[00136] Figure 6 illustrates the third embodiment of the present invention.
With a differential pressure type flowmeter in Figure 5, it is so made that a flow

rate equation Q=KP1 is used for computing a flow rate when it is under critical

conditions, and a flow rate computation is performed with a control computation
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circuit 5c. [00136] Figure 6 illustrates the third
enbodi nent of the present invention. Wth a
differential pressure type flowreter in Figure 5, it
is so made that a flow rate equation Q=KP, is used
for conputing a flowrate when it is under critical
conditions, and a flow rate conputation is perforned
with a control conputation 27 circuit 5 in Figure 5

R ' Fige S e Rl 6B o figBleandiionsn ent 1o
fl [ h hi rd enbodi ,
(01 502 Namelfias <hamit sk e & Wi rcifierenial prepewistype

condj ti ons { udgnent circuit 5e, and a flowrate
flovgmeter in thethird esabediatent, presslite tatio cornplitatiom sireuie5d, a

added to a control conputation circuit 5 in Figure 5.
criticakgonditians judgment ciycyit B¢, andoa Bewurate ebmputdtion circuit 5f for

upstream side of an orifice versus a pressure P2 on

critibal chmaitionsesrenarided tofa edntrl ichimpRitatiordQicRit™s MatiguAs. aFirst,
pressure ratio(y) and a critical pressure ratio (-/c)

the Fati | ticon, i s roed
SOOIy Of 8ol | e CARPUCBIOh 4TI i

réssife P t yal . 138] \Wien
préQuf el a0 SR8 AUPEUNRS Nl beT i a et
: § I\ St ith the flowrate uat i on
rafip B4 Ry biticat BRRSUEE i (v bPSreaoningien” , Ahcethtw sate
tation val ue I§g corrected with the flow rate
cof IR srperiBmstts fie eqvatian AskP1 whent scinder erita
rg.tt.e value Q is outputted fromthe output term nal
cogditiens R ipuidhe camputed valuehe af or ementi oned first to
third enbodi mrents, even when the enpirical flowrate
[0Q1A8dt | Bhengt isfeund ¢o be uader oenscriticaloccnmliticas| arflowalate is
Qis corrected for Q, the flow rate range of
corpuitadwith the flotverate equation @=e - PEEST b{@2/M3T raiPi/pg™"2,
errors of flow rate nmeasurenent values to the range
Aftet arcomputation value Q is corrected with the flow rate correction
computation circuit Sc, a corrected flow rate value Q' is outputted from the output
terminal 6.
On the other hand, with the aforementioned first to third embodiments, even
when the empirical flow rate equation is used, or the flow rate computation value
Q is corrected for Q’, the flow rate range of 100-10(%) is the limit to make
possible restraining errors of flow rate measurement values to the range (for
example, less than 1 (%SP)) bearable for practical use. When the flow rate is
less than 10 (%), it becomes difficult to hold errors to less than 1 (%SP) even
with a correction being performed.
[00139] Then, with the fourth embodiment of the present invention, it is so

constituted that, by combining 2 differential pressure type flowmeters having
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exanple, less than 1 (%5P)) bearable for practical
use. Wien the flowrate is less than 10 (%, it
beconmes difficult to hold errors to less than 1 (%6P)
even wth a correction being perfornmed. [00139] Then,
with the fourth enbodi ment of the present invention,
it is so constituted that, by conbining 2
differential pressure type flowreters having 28
d'ﬁi qurgrent flowrate ranges according to the first to
fRiam lowyate Fndes, aceording jp thenfirsta thirdgrobediments and 2
differential pressure type flowreters for operation,
switching:the aﬁommeatmeﬂea@ﬁ?emﬁamreme e flewmetersifor
over the wde flowrate range of 100(%-1(% as a
opeetien, adcuraterflow mtemeasisembats HAVERRcoré bobsible bVt the
[00140] Figure 7 is a whole block diagramof a
widisffiosv eateirahge b $60(%)-1 (PBas blIvisIB! W ;
fourth enbodgi] nent.@(:;e)f ecrpr)ieng to Fi gumég,%%gfﬁgsttﬁ)aﬂ HIE%SP)
alPheitihét es the No.1 switching valve (NC type), 11 the
No.2 switching valve (NC type), a a gas inlet side, b

t7 i ' i.f i or a snal|
[09199F,, PIUrET. & ingls iogeapBrdm s dErenyBlo RS vps
' : {0l tation circuit, and 5" the
f"%gk’)’??{é? 8%:?%‘1"?@&1%‘§tf8t‘ﬁ§ ?)f@?ﬁ"@ﬁm- E?@@ﬁﬂg %?%sugs 7a1(|) |
. reqti ressure e flow controller for a sm
d?ﬁ'%ﬁ%ﬁﬂ%ﬁnﬂf’tﬁs‘ﬁ%ﬂf‘q N?&g,(N& typely Hathe Nadgawitshing valve (NC
10-100sccm) is fornmed with the No.1 orifice 1, the
typ®), 8 aganinlelside, kagasiqutist sided 1t the No Kegrifisedfar a small
differential pressure type flow controller for a
quasiity. 1' the Ne2rorifice (fardelatge quantity), I50the Nbel ¢artast of
100- 1000sccn) is fornmed with the No.2 orifice 1', the

coNpUutatiormpindit, iand 5°ithe INd.2 Bontranebrhpliation lereeit.or e,
hi ghly accurate neasurenents of a flow rate can be

OR08t) AR ST i 8 e 0 S fow
quiahBfy sid (1] B9oRHale FdePSRI8-1B0s U Yo indd Rith thd o, 1
orifice 1, the No.1 computation circuit 5’ and the like, and a differential pressure
type flow controller for a large flow quantity side (i.e., a flow rate range of
100-1000sccm) is formed with the No.2 orifice 1’, the No.2 computation circuit 5”
and like. Therefore, highly accurate measurements of a flow rate can be
achieved over the wide flow rate range of 1000sccm (100%) - 10sccm (1%) with
errors of less than 1 (%SP) by using both differential pressure type flow
controllers.

[00142] Figure 8 is a cross-sectional schematic diagram of a major part of a
differential pressure type flowmeter according to the fourth embodiment of the

present invention. It is to be noted that the No.1 and No.2 control computation

circuits 5’ and 5" and the like are omitted herewith.

29



controllers. [00142] Figure 8 is a cross-sectiona
schematic diagramof a major part of a differential
pressure type flowneter according to the fourth
enbodi nent of the present invention. It is to be
noted that the No.1 and No.2 control conputation
circuits 5 and 5" and the |ike are omtted herewth.
29 [00143] Referring to Figure 8, 12 designates a

10GREH)  RERTHE 1 FRulER, Y2 dosirined 8o pott o acibicida o

of ..an qrifice, 14b a nounting bolt for an absolute
montingbelttarap edyPepERssUFrdetesiarat o dhe ypsteearn side of
orifice, 15a and 15b di aphragm nmechani sns, and 11 a
anefifice; 14b & meunting pplt fercars absaotesype pressiye tetentoe3 oh the
stainless steel is fornmed by hernetically assenbling
downgéreammside of lasnarifice] 25a andgtsb diaphrigne hesshahish?d and el a
No. 1 body elenment 12c and the No.2 body el ement 12d.

andODIbAdvi cyliredergper sides of the block type No. 1
body el enment 12c and No.2 body elenent 12d, there are

[00RflE NRWHdYND LB LTanRES Rbigég i ermteG.eor%RemqetiecaE)i

switching valve 10 and the sw t chi val v

SsSEEBIRS DL T UAIATEIE ¥ ol FRARA S NS Tty

ere are made nmounti ng

e|%§ﬁ§1§§aﬁ§[ﬁ§h§g lé%@g?feg%rgﬁitpr eam si de of an orifice

a pressure he downstream si de of
rifli respectively. [00146] Though not shown in
(0G4l +Ob Hie UBBRF Sl B i blosk tie, N6 Y Bhcnslemand 12c and No.2
c)get ctor 4 on the upstreamside of an orifice is
b m‘fmeemm dhege are made mountivathole $7a pod 117b) foothe Ne. 1
body el enents 12c, 12d and the like, there are nmade
switching vaives 10 @ad the No.2 slwitahingMalve dt respactivelgat Forthedmore,
a fluidinlet a, a fluid outlet b,
on the undersides thereof there are made mounting holes 18a and 18b for a
pressure detector 2 on the upstream side of an orifice and a pressure detector 3
on the downstream side of an orifice respectively.
[00146] Though not shown in Figure 8, a mounting hole for a gas temperature
detector 4 on the upstream side of an orifice is formed on the No.1 body element
12c¢.
[00147] On the body elements 12¢, 12d and the like, there are made fluid
passages 16a, 16b and 16e for communication of a fluid inlet a, a fluid outlet b,
the underside of a mounting hole 17a for the No.1 switching valve 10, the
underside of a mounting hole 18b for a pressure detector 2 on the upstream side
of an orifice and the underside of a mounting hole 17b for the No.2 switching

valve 11; a fluid passage 16f for communication of the undersides of a mounting

hole 17a and a mounting hole 17b; a fluid passage 16¢ for communication of the
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t he underside of a nounting hole 17a for the No. 1
switching valve 10, the wunderside of a nounting hole
18b for a pressure detector 2 on the upstream side of
an orifice and the underside of a nounting hole 17b
for the No.2 switching valve 11; a fluid passage 16f
for comuni cation of the undersides of a nounting
hol e 17a and a nounting hole 17b; a fluid passage 1l6c¢c

r_.co ni cation of t 30, under sj des of a nmountin
o683 30U GHR ot it Tamintinadolo 16B; and pdbidge
16d for, communi cation of the underside of a nounting
PassAge (184 fahgommuniationgefitheundergide ofig meuntingdhoterigp and a
on a fluid passage 16, there is made an orifice 1' for
fluid outlettb. f1 ow quantity, and on a fluid passage 16a (or
16b), there is nade an orifice 1" for a large flow
(06143}t | Furthevmaore, e filidpiassage 118, fliepe ismAdetdicosficy € for a
arranged orifices 1' and 1 " on the contacting faces

sndll fiow uantity, ahe oard ﬁui&%fassfé?é’ 184%or ﬂ@@ﬂ‘ﬂl%rewﬁ'\éo‘]ﬂl%rg orifice

seats for commruni cati on of ui d passages 16e an

o ARG Wi iR PR e are
S R T W T

ang’o { ng and closing valve seats, opening and cl osing
r?%erformad bet ween the passage 16e and passage 16f

al bet ween .t he passage 16c and passage 16b.
10§ 0307 e FES Sebts for ormRaNigails ohfdc Tssagee Ae eadctsd

bet ween amounting hole 17b and a nounting hole 18b
formed pRdhe updersidesi ofithe Rferementipned mounting Holesd 78iandr £7b

8, first, in the event that a neasured flowrate is
are made tor operi/cloge mithevalean pechahisme 154 aadi 150 fontheVRbMve

10 is made to close, while the No.2 switching valve
swiithing valvie 10 @naido. 2switohitig valges1f B9\wp@ning and closing valve
seats, opening and closing are performed between the passage 16e and
passage 16f and also between the passage 16¢ and passage 16b.
[00150] It is so made that a passage 16¢c communicates between a mounting
hole 17b and a mounting hole 18b all the time.
[00151] Referring to Figure 7 and Figure 8, first, in the event that a measured
flow rate is in a large flow rate range, the No.1 switching valve 10 is made to
close, while the No.2 switching valve 11 is made to open so that a gas flowed in
from a gas inlet a is flowed out from a gas outlet through a passage 16a, an
orifice 1", a passage 16b, a passage 16¢ and a passage 16d. Then, a flow rate
computation is performed with the No.2 control computation circuit 5" (not

ilustrated) to be outputted to appropriate points.

[00152] In the event that the flow quantity range for measurements is reduced
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froma gas inlet ais flowed out froma gas outl et

t hrough a passage 16a, an orifice 1", a passage 16b,
a passage 16¢ and a passage 16d. Then, afl ow ate
conmputation is performed with the No.2 control
conmputation circuit 5" (not illustrated) to be
outputted to appropriate points. [00152] In the event
that the flow quantity range for neasurenents is

I [ess than 10% of .the rated flow rate,
toBRE thalt 1% olfink SV e; head Swiinanaive 107 made
No. 2 i.t chi valve 11 is made cl ose so that a gas
°Hﬁ"o‘0()§ﬁe\3hte HP%?WIEW valyel dtis nade cloge se thaka ggeifiows qut
passage 16e, an orifice 1'for a small flow quantity,
from ggasgetietdr throughna pageagettan apassagestoge ahaitifice 1’ for a
Meantine, a flow rate conputation is perforned wth

smaikflow quantityna ipassage 16f) epassagei 16cLarid & passagd¢6d.
outputted to appropriate points just sane as In the

Mearstimefa flewsateesempatation i pbabaRed Witk tRENY. 1 tdéntrBNge-
[00153] Materials of a body 12, a treatnent processing

codiputaon Bieuit §Utd Bé%uﬁfué‘te@ teaépg?mgzrogg%gg{%%g@ gs in the

val ve mechani sns 15a and 15D, essur

B e ERRE a  he

nown so tha explan hereof are

i 4t e it h. 1.0Q154], W.th the fourth epbodi nent
(081341} Ml oh g Alretinbat osedging of 1hadings sutface of
switching valye 10 and No.2 switching valve 11 are
a Rasss ed{%Y%Qsm v@lve;meshapisms| thasang 48b, pressure detectors
so. nmade that an operating fluid is supplied to
2 3pd 9i dtereperatererdetegtos aag dhe iikey ars peblialy known salthas! 0
and 11 respectively via independent control
explanationsthereof arevarhitted. harewither , ei t her one of the
No.1 switching valve 10 and No.2 sw tching val ve can

[0®t54fadéiththe dourtly embadirfient inrthe afdrecsHowh Figdfe Warlder igure 8,
the other is made to be a valve of a normal open type

thesNo. 1 Saitciting ¥aRe10 8Ad Nd!2 dwitehigRRiNeeH bt RRIdR to be valves
switching valves 10 and 11 from One
of a normal close type, and it is so made that an operating fluid is supplied to
driving cylinders 11a and 11b of switching valves10 and 11 respectively via
independent control electromagnetic valves. However, either one of the No.1
switching valve 10 and No.2 switching valve can be made to be a valve of a
normal close type while the other is made to be a valve of a normal open type so
that an operating fluid is supplied to both switching valves 10 and 11 from one
control electromagnetic valve.
[00155] Namely, in the event that one of the switching valves 10 and 11 is
made to be of a NO type while the other is made to be of a NC type as illustrated

in a control system diagram of Figure 9, switching operation for both switching

valves 10 and 11 can be performed with one control electromagnetic valve My,
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control electromagnetic valve. [00155] Nanely, in the
event that one of the switching valves 10 and 11 is
made to be of a NOtype while the other is made to be
of a NCtype as illustrated in a control system
di agram of Figure 9, switching operation for both
swtching valves 10 and 11 can be perforned with one
control electromagnetic valve M/, 32 and a control
sj gnal, Sc ..ca e magde of chann [ 00156] Figure
arﬂogppmgi§lg@@§qqa@gg,rqueeg€m ﬁa‘#@n‘ﬂf a differential
ressure type . flow controller according to the
l0§1§@e ntiguré d Riliusirates,hedirst embadimens of adlifférentialipressure type
pressure type flowneter shown in Figure 1 is equipped
flow eonteclies aceonding/tal the mresentdnventisny e Thei aforementidne,
and a control conputation circuit 5is equipped with
differehtial pressuredype flownreter stwown irbBiguren dsieq alpbbd\/Wlfrﬁé €ontrol
difference A Q between a set flowrate s inputted

valveoR1 ahe aovdive devingbdr B2 I cBAtrbl plitalisn Qrcwt 5is
corrputed wth a flow rate conputation CI rcurt ba

Hped With atfii‘)gvsratt? ridof 'c%‘blf ?b Wr&éteé ﬁ&\ﬁ‘? OQIhﬁS}é?v%e A

|nputted to |V|n 2ONg

t.r ol 21
Q Beligtn 2 Vel ok oty ﬁg“ﬁﬂ!@ﬁ@@w e SR¢ nifits Eompu*ed flow
i £f t d t
oL B 015 5 e e
trol| to b fl t [00157] Figure 11
sald ok Frter ESioNGS s DG REnGDBUSR it adRIMe Id:part2as 2
pressure type flow controller. The aforenentioned
coatrpk Hgaak é(%tlptfé% peffermanee, fd contend vaivel 2 kis openateidge that the
5 is equipped with a control valve 21 and a val ve

aferementigned flowzrate difiérencec abQrisiImo@teinaird @nzero direttion, thus
is equi pped with a flow rate conparison circuit 5g.

theé a4 HBW rdte pasding ﬂhr@ugh @haarmepabéiﬁgrtoﬁtrbnew to 56 8 et flow
flowrate difference LQis conputed by using t

rateapsected flow rate @ which has been error- correct ed
on

[00157] Figure 11 illustrates the second embodiment of a differential pressure
type flow controller. The aforementioned differential pressure type flow controller
in Figure 5 is equipped with a control valve 21 and a valve driving part 22, and a
control computation circuit 5 is equipped with a flow rate comparison circuit 5g.
[00158] With the flow rate comparison circuit 5g, a flow rate difference AQ is
computed by using the corrected flow rate Q' which has been error-corrected on
the computed flow rate Q with the correction computation circuit, thus a control
valve 21 being controlled by opening/closing toward to the direction where the
said flow rate difference AQ becomes zero.

[00159] Figure 12 illustrates the third embodiment of a differential pressure

type flow controlier. It is so constituted that the afore-mention differential
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Te—— —
the conputed flowrate Qwi th the correction
conputation circuit, thus a control valve 21 being
controlled by opening/closing toward to the direction
where the said flowrate difference AQ becones zero.
[00159] Figure 12 illustrates the third enbodi nent of
a differential pressure type flow controller. It is
so constituted that the afore-nmention differential 33
ressure e flowmeter is eqU| ped with cont r ol .
pressure type ﬁ%‘gmﬁt%fdﬁx‘ﬁéutﬂﬂ% wigh a roﬂa'Vﬁ 3P yalvg driving
conputation circuit 5is eqU|gped wth a flowrate
pa@bggaands@ goBirekearapwgtion icireuit 5 d® equipped witha Howoate v
circuit 5b and a correction conputation circuit 5c
comparisenwiredit SgOMHikD3 chieneetign data nemorpicircdit 6banera eotr€tion
is conputed by using the conputed flowrate Q from
coniputdifor? cirduit\6¢ ateeremdvad.at i on circuit 5f when the
gas flowis under critical conditions, and a flow rate

[0giédie’ RaAfeIyQ fidw eﬂwﬁ&‘éncém@ i9'¢orhPatedBIPLLiRG thd oW

rate Q fromthe No. flow rate conputation circuit 5a
M;tﬁ{ie& ?IS Hﬁéﬁ‘n‘tﬁem‘ %}M Hagé‘goﬁgﬂ?étfdn u’f‘t%f%%fn the
r ol con peni ng 0s1 ng

ga&-‘ﬂ%selﬁfzierﬁc'aﬁ'ﬁé'c@%&ﬂoz% gnd FGIHE! qo{eH P84 A is computed
illustrates t ourt.h od'rret of a differentj al
bysing h}%comw@dffiqw ‘%36.45 ?g fIOeW gq(ie&eﬁgqqt@mrbalrcwt 5a
that the aforenentioned dlfferentl al pressure type
whernothesgas flow is-nenncatiealicondilions sedthat a woatr@bvﬁlv«@m Val ve
21 and a valve driving part 22, and a control
controped byiopeninig/casingSowarc:the; cpmowwhera the said flew cate
conmparison circuit 5g. [00162] Nanely, a flowrate

differehee enc:becdpmes zemput ed by using the conputed flow
rate Qfromthe No.2 flow rate conputation circuit 5f

[oafer] t FRyurgas ilustites thefdarth@rmbodirlent ofdidifetBAtialdtessure
flow rate difference AQis conputed
type flow controller. It is so constituted that the aforementioned differential
pressure type flowmeter in Figure 6 is equipped with a control valve 21 and a
valve driving part 22, and a control computation circuit 5 is equipped with a flow
rate comparison circuit 5g.
[00162] Namely, a flow rate difference AQ is computed by using the
computed flow rate Q from the No.2 flow rate computation circuit 5f when the
gas flow is under critical conditions, and a flow rate difference AQ is computed
by using the flow rate Q' from the correction computation circuit 5S¢ corrected to
the computed flow rate Q from the flow rate computation circuit 5a so that a
control valve 21 is controlled by opening/closing toward the direction where the

said flow rate difference AQ becomes zero.

Feasibility of Industrial Use
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by using the flowrate Qfromthe correction
conputation circuit 5c corrected to the conputed flow
rate Qfromthe flow rate conputation circuit 5a so
that a control valve 21 is controlled by
openi ng/ cl osing toward the direction where the said
flow rate difference AQ becones zero. Feasibility of
Industri al Use 34 [00163] The present invention is

inly far sem conduct or nuf act uri ng
Sals Jﬁé%?é%ﬂﬁmﬁf@gl s widsly &8ablgmai:thi semiconductor
gl}f sjnngiL_ntsa the like, It is also wdely
manuigcturing Tagilities, at ghemical plants,; f@gdgj@ﬁuqyrgmng plants and
quids and the like are dealt with. 35 CLAIMS 1 A
th% ||'|‘$ ot isrisawigelysisable inythe fieldsmieererfluidspucts asgases, liquids
orifice, a detector to detect a fluid pressure Pi on
arldrtbedﬁetareaieaﬁwdm of an orifice, a detector to detect
a fluid pressure P2 on the downstream side of an
orifice, a detector to detect a fluid tenperature on
the upstream side of an orifice, and a control
computation circuit to conpute a fluid' s flowrate
passing through an orifice with the pressure Pi,
wherein pressure P2 and tenperature T are detected by
the aforenentioned detectors, and the aforenentioned
fluid's flowrate Qis conputed with an equation Q=C
Pi/TT ((P2/Pi)tm-(P2/Pi)n)lv2 (where Cl is a
proportional constant, and mand n are constants). 2.
A differential pressure type flowreter conprising an
orifice, a detector to detect a fluid pressure Pi on
the upstream side of an orifice, a detector to detect
a fluid pressure P2 on the downstream side of an
orifice, a detector
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to detect a fluid tenperature T on the upstream side
of an orifice, and a control conputation circuit to
compute a fluid's flow rate Q passing through an
orifice with the pressure Pi and pressure P2 and
tenperature T detected by the aforenentioned
detectors, wherein the aforenenti oned contr ol
conmputation circuit is installed with a flowrate
conmputation circuit %E{ ewith an equation @G Pi/,FT
((P2/P1)m-(P2/P1)§) Q\Nhere Cl is a proportional
constant, and mand n are constant), and further
conprising a correction data nenory circuit wherein
changes in the pressure P2 on the downstream si de of

1. an & differanti@bprassarentypelfiowaetenicompaisingeare otifice, a detector to
bef orehand and flow rate errors of the aforenentioned
f | uidetexct fa fiuid peessufe 1 enthe upbtreameside af Bh@iificat # detector to
correction conputation circuit to correct the

af oideradtial fi@ Prasyiie Pednfthe iddwhsireai sitialo? aw drifickh& detector

correction data fromthe correction data nenory
. . . ¢ L il .
cor f2ubtoct 3 e B it e Wisfrean 8l dranforlget el =
th ide. of. Lfi .
cor eOaEEorFRRaTbA el RaSbUSE fluldfl (il Bl Bhssing through
pressur&%\’t{ay"@ﬁ1 | owmeter as clained in Caim2 wherein
r

sai "¢ &S8Y%€on"'ci rcuit further conprises a
pressure ratio computation circuit to conpute a ratio

of Wherginpresere frzand temparature Jsaredatecteddydhean

orifice and a fluid pressure P2 on the downstream side

of aforememntioped sletentons, and the attrementipned fiuidis tow catietQ is
to judge a state of a fluid by conparing the

af ocemputedwitt ancequatiod Q=@s<ur.& Tr-a((Pa/Ral -a(P4/Ri)d"E (where
critical pressure ratio; and a No.2 flowrate

comgitigal propéitionel EoristamtpaRdne addfr aredcohstarty). rate Q

by using the equation Q=KPi (where K is a proportional

2. Cony @iffelential pressure type flowmeter comprising an orifice, a detector to
detect a fluid pressure P1on the upstream side of an orifice, a detector to
detect a fluid pressure P2 on the downstream side of an orifice, a detector
to detect a fluid temperature T on the upstream side of an orifice, and a
control computation circuit to compute a fluid’s flow rate Q passing
through an orifice with the pressure P1and pressure Pz and temperature T
detected by the aforementioned detectors,
wherein the aforementioned control computation circuit is installed with a
flow rate computation circuit wherewith an equation Q=C1 - P1// T -
((P2/P1)™ —(P2/P1)")"? (where C1is a proportional constant, and m and n

are constant), and further comprising a correction data memory circuit

wherein changes in the pressure P2 on the downstream side of an orifice

36



when the fluid is under critical conditions, thus
outputting a fluid's flowrate Q conputed with the

af orenenti oned No.2 flow rate conputation circuit

when the fluid is under critical conditions, and al so
outputting a fluid's flow rate value Q corrected

wth the flowrate correction conputation circuit

when the fluid is under non-critical conditions. 4. A

di fferenti ressure t fl oweter characterized in

* hatobtaines By At ahBets ARt BaRTaaNsAId Anwdats erors of the
hi gh accuracy over wide flow rate range by
conigferementioned ffblldeih flowirate @arerstonapfes arnucavﬂeweratef eorrection
nmeasuring a flow rate range of 100% 10% of the
maxicomputation ciatuit tosogrechthe afoBdmenfibmedodmpliteal flusid's flow
type flowneter for neasuring a flow rate range of

10%ratelwitth tHeneom@ction.dath Ifrom tiee Eorrédtits ddtd mgmory circuit, thus
switching a fluid to be nmneasured in accordance wth

t he tisé eoMipafdd MNes ffdv@iﬁté o Selh9%ﬂ%ct&i déberitlify'oh ShaRges of

valve, to supply the fluid he ditferenti al
pre -

R 0feRs e, o RULBUALSCARSRIC L e oirice. S Bligut a doyrected

rein each sald differential pressure

typ?ow @ﬁr&%@? (iorrpri ses a orifice, a detector to
detect..a fluid ess on, t he strea sjd
Lori élggrejmt@ép UFe r’ggtlergsfq m?ddf‘ am v,dzergm said
t he dovvnstream si de of an orifice, a detector
det £eptral gamputationsirewit further comnrises arresswe rgtlg @omputatlon
an orifice, and a control conputation circuit to
comgireit to compitesa ratigof afluidyreasuned 1 drethepupstraane side, of an
pressure P2, and tenperature T detected by the
af ooeifiea andreefilid pressuve $2 onrttie tdowrastreaaneidei af aedorifice; a
fluid's flowrate Qis conputed with the equation

Q=Crititicbnd(tion3u@dment €ireditb)judde a(ster of a fididiby c’lbmparmg

proportional constant, and mand n are constants)
the aforementioned computed pressure ratio and a fluid's critical pressure
ratio; and a No.2 flow rate computation circuit to compute a fluid’s flow
rate Q by using the equation Q=KP+1 (where K is a proportional constant)
when the fluid is under critical conditions, thus outputting a fluid’s flow rate
Q computed with the aforementioned No.2 flow rate computation circuit
when the fluid is under critical conditions, and also outputting a fluid’s flow
rate value Q' corrected with the flow rate correction computation circuit
when the fluid is under non-critical conditions.
A differential pressure type flowmeter characterized in that flow rate
measurements can be performed with high accuracy over a wide flow rate
range by combining a differential pressure type flowmeter for measuring a

flow rate range of 100%-10% of the maximum flow rate range and a
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6. Adifferential pressure type flowneter as clained
in Claim4 wherein each said differential pressure
type flowreter conprises an orifice, a detector to
detect a fluid pressure Pi on the upstream side of an
orifice, a detector to detect a fluid pressure P2 on
the downstream side of an orifice, a detector to
detect a fluid tenperature T on the upstream si de of

an orific and a . .con utation circuit to
coniterefifialnBilud idmhodmetet s bieas oG ﬁ%g%terrenee of
pressure P2, and tenperature T detected by t

af orl@%ei% ehthe maxisurp flow rate range am@bumtchmﬂuld to be
control conputation circuit is equipped with a flow

r at éneasysed in accordanceswithithe afatetrrensiohed fldwsrads ranges using
rate Qis conputed with the equation Q=Cl1 - P1, FT -

( ( P2/ sitching palve 1Horgupply thehftuid tECthe differentiab préssaratype
constant, and mand n are constants), and further

Conmbmmétérﬁacc’drdmgttb%ﬁ%tﬁ-HE‘WDW circuit wherein
changes of a pressure P2 on the downstream side of an

O e BT O B g o
| 4k BRSO S B B OG5, Bbctor
AR AR B St o o

computed fluyid s fl o rate bei ng corrected dependin
on éﬁﬁ’%ﬁ?fgé'sH U'QP"%SSH% hpg r%anugqu.a@:m @pda d@?ector

an orifice to output a corrected flowrate Q.

di f tedetact alfluid t@gmr@turypﬁon thenpsieeamirideof an pzntaqe tgnd a
that it is so constituted that by formng it with a

val wentrobigomputationicitedit té cbmpautd afifldid’s fibwrate, byausihgitbe
outlet b, a nounting hole 17a for the No. 1 switching
val ypeessliie Pa, prasstienB2, anddemperdtare Thietdéted bywhéchi ng

val ve 11, a nounting hole
aforementioned detectors, and the aforementioned fluid's flow rate Q is
computed with the equation Q=C1+P1/{/ T+ ((P2/P1)™ —(P2/P1)™"2 (where
C1is a proportional constant, and m and n are constants).
A differential pressure type flowmeter as claimed in Claim 4 wherein each
said differential pressure type flowmeter comprises an orifice, a detector
to detect a fluid pressure P1 on the upstream side of an orifice, a detector
to detect a fluid pressure P2 on the downstream side of an orifice, a
detector to detect a fluid temperature T on the upstream side of an orifice,
and a control computation circuit to compute a fluid's flow rate by using
the pressure P1, pressure P2, and temperature T detected by the

aforementioned detectors; and the aforementioned control computation

circuit is equipped with a flow rate computation circuit wherewith a fluid's
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18a for a fluid pressure detector 2 on the upstream
side of an orifice, a nounting hole 18b for a fluid
pressure detector 3 on the downstream side of an
orifice, a nounting hole for a fluid tenperature
detector 4 on the wupstreamside of an orifice, fluid
passages 16a, 16b and 16e for directly passing
through a fluid inlet, the undersides of a nounting

hol t he tchin 0,

not JopBate 3 is ¢ %H'h%dm"&ﬁ‘?r U@ Bt - i e WP HR—

upst | orifice and a nounting hole 17b

for (r:?/%rér} %Q&Wt 8 RPIeRPoNal copstant, éf‘g M@dd N are he
interior of the aforenentioned valve body 12, a fluid
pas $@9stants), apd fudhenoanaprising astorestion datmmensonyeirchita
mounting hole 17a for the No. 1 switching val ve and

t he wherdity chahgesfofa pressurienid: ooltiee dawnstwearmisidéNof an orifice
switching valve 11, a fluid passage 16c¢c for

comubitained Ibqracmtﬁaltdmsméﬁfeﬁtsiﬁemfelian@aﬁd flow rag @rrérétbf the
for the No.2 switching valve 11 and the underside of

nounifbreenditioned did'é Rewirate &l iy 's@’orﬁb%S %HH‘%} ﬁ?&\k ‘F&t‘e‘ﬁor%ctlon

on the downstream side of an orifice,

pas

o D bir AR e MR e o B A b, Iigagow

do fduid. outl et

£t QAR erfedtpp Mt 5% 8 crectiot dfeef Eée’BP'Va‘H’CU't

orlflce and a fl. det ect or fixed to th

at ortbiiereRBhi fhidsiolaia i Behgisonasted ggpending on changes

respectively, a fluid tenperature detector 4 on the

upstof @Rressere %?ththeofﬂwnsi@am silenef ani oxifige torputgutal ve

10 wherewith opening and cl osing are conducted

bet woEectddflew sater@nt i oned fluid passage 16e and

fluid passage 16f, the No.2 switching valve 11

7. whertedifferentiaé p'res;uwtypel flowmegten icharaptetiggocly theit Was 8o

the aforenentioned fluid passage 16b and fluid

pas seastituted that by forimiAg itWhieh a valve body 12 provided with a fluid
inlet a, a fluid outlet b, a mounting hole 17a for the No.1 switching valve
10, a mounting hole 17b for the No.2 switching valve 11, a mounting hole
18a for a fluid pressure detector 2 on the upstream side of an orifice, a
mounting hole 18b for a fluid pressure detector 3 on the downstream side
of an orifice, a mounting hole for a fluid temperature detector 4 on the
upstream side of an orifice, fluid passages 16a, 16b and 16e for directly
passing through a fluid inlet, the undersides of a mounting hole 17a for
the No.1 switching valve 10, a mounting hole 18a for a fluid pressure
detector 2 on the upstream side of an orifice and a mounting hole 17b for

the No.2 switching valve 11 which are made in the interior of the

aforementioned valve body 12, a fluid passage 16f for communication of
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a small flow quantity installed halfway to the

af orenentioned fluid passage 16f, an orifice 1 " for
a large flow quantity installed on the aforenentioned
fluid passage 16a or fluid passage 16b, and a contro
conmputation circuit to conpute a fluid' s flowrate Q
passing through an orifice 1' for a small flow
quantity and an orifice 1 " for a Iarge flow quantity

nd|n on,th ress.ur 1 e
C o Wpdeie o i afple 128 rahe a.smﬁsﬁmgr\@éw@d the
det ectors 2 ? and tenperature dete
resb’é‘ erside o1 aW%I’\Qghqlﬂé7@({9&'@“%Noéﬂllt3hm95ﬂve-11 a fluid
(P2/Pl)m\1éP2/P1 )n)1/2 , thus making it possible
t haPagsagewoe ferccammanicatige of thewndensidet of aihauatipg hiote 17b
nmeasured by closing the aforenentioned No. 1 sw tching

val Jer the Na@dwitrhirigwalte 12 amdi the hindgrsidé vfa Mounting lsole 18b
flowrate in a small quantity range is neasured by

opefometfluid pfessaredétectn® Mthé‘-d@%ﬁl@éﬁrﬁ%ﬂ@bﬂﬁn ofifice, a
and closing the No.2 switching valve 11. 8.

di ffﬂardﬂﬁéé eﬁB&?férUé&nFr\\(iﬁﬁ:étlbﬁW@Dnéérs?dé‘bf@ ddd?wng hole
Claim4 aim7 wherein it Is so constitute

t
o P?E.fﬁﬁﬁe rog"ife Retectof o iNp YR an Hap 38 ahyfige and a
I h
o pe G Aihetie, & R4 BlasBrr BEFERIE T O e Besifsalt side 6t an orfce
T CBnga Mgdpressire deferiona fved to e afolempaliared mounting
pressure type flowreter as clainmed in Caim7 wherein
it helesstBarane 18h4espetively, adiuid temprratiyedstacond omvthe
of the maximumflow rate is neasured by closing the
No. upstiearyside of anwsifice, thedNajawitchingeale 10 wherewith

switching valve 11, while a flowrate up to 10% | % of
t he operinguand tlosingrare €onductedtetedeh the pforementibred\éiuid

1 switching valve 10 and closing the
passage 16e and fluid passage 16f, the No.2 switching valve 11
wherewith opening and closing are conducted between the
aforementioned fluid passage 16b and fluid passage 16c, an orifice 1’ for
a small flow quantity installed halfway to the aforementioned fluid
passage 16f, an orifice 1” for a large flow quantity installed on the
aforementioned fluid passage 16a or fluid passage 16b, and a control
computation circuit to compute a fluid’s flow rate Q passing through an
orifice 1’ for a small flow quantity and an orifice 1” for a large flow quantity
depending on the pressure P1, pressure P2 and temperature T detected
by the aforementioned pressure detectors 2 and 3 and temperature

detector 4, respectively, by using the equation Q=C1+P1/{/ T+ ((P2/P1)" —

(P2/P1)"2 | thus making it possible that a flow rate in a large flow quantity
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8.

No.2 switching valve 11. 10. A differential pressure
type flowneter as clainmed in CCaim7 or Claim8
further conprising a pressure detector 2 to detect a
pressure on the wupstreamside of an orifice, a
pressure detector 3 to detect a pressure on the
downstream side of an orifice, and a tenperature
detector to detect a tenperature on the upstream side

an orifice, ar de sharable w th th L
Gi 1 fanghis ey Bathr dospade AtRiwEpkianed No. hewitching valve 10
d| fferentl al essure type flow controller conprising
@ndrepenjng &9 %awitching vapeett, wihile aflowirate inra smal quantity
part an orifice installed on the downstream 41 side
t herrange isameasereddyy opening ¢he atorémentioped dout switthing valve
the upstream side of an orifice, a detector to detect

a f110 ahdelesingrthe Nb.2 ewitchingdewstit eam si de of an
orifice, a detector to detect a fluid tenperature T on

thea umtérﬂmrpseséar@fyp@rﬂmmétée%s @ﬁﬁhe’a iRAYRIRY4 or Claim 7
conputation circuit equi pped a flowrate

c OWWérém ™ é&ﬁéﬁst%@ﬂ Qﬁ‘étté]th%rfolnﬁ'd? tﬁ oo’l"’sm&ﬁingvalve 10

passi ng roug an orifice 1s conp d y usi

the A3 ﬁéﬁﬁc%ﬁs‘%"\aﬁit I& @*%?et@ﬁ%e% ﬁé”ﬁ% R

bet en a co w rat and a . r at

Rifr o hAl cren e e fenadd oparaling fuidis R egytrom
|s conput ed by the equation G .P1/TT((P2/ P1
- ( PRNeICOoNt] electrigmagnetic valye My te gEvingaivlindersn aaamc,i 10b of -
and mand n are constants). 12. A differential
pr e doth switghingMabigscont rol | er conprising a control
val ve part equipped with a valve driving part, an

. or i fA differertiah pressucentypediovmeter asatainedda Claien Fokherein it is

detector to detect a fluid pressure Pi on the upstream
si dgo mhdéthatra flow eateFaf§é apttor1009-40%c6f the madiafin fow rate

P2 on the downstream side o
is measured by closing the No.1 switching valve 10 and opening the No.2
switching valve 11, while a flow rate up to 10%-1% of the maximum flow
rate is measured by opening the No.1 switching valve 10 and closing the

No.2 switching valve 11.

10. A differential pressure type flowmeter as claimed in Claim 7 or Claim 8

11.

further comprising a pressure detector 2 to detect a pressure on the
upstream side of an orifice, a pressure detector 3 to detect a pressure on
the downstream side of an orifice, and a temperature detector to detect a
temperature on the upstream side of an orifice, are made sharable with
both differential pressure type flowmeters.

A differential pressure type flow controller comprising a control valve part

equipped with a valve driving part, an orifice installed on the downstream
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an orifice, a detector to detect a tenperature T on
the upstream side of an orifice, and a control
conmputation circuit equipped with a flow rate
conparison circuit wherewith the fluid' s flowrate Q
is conputed by using the pressure Pl, pressure P2 and
tenperature T detected by the aforenentioned
detectors, and the difference betvveen a computed fl ow

rate, nd se flowr te uted, and the
L o s %%eﬂ detestbr o deriva fluft i9oBueck an fhe Upsiream side
equ:(gped a flowrate conputation circuit

Aot t&ef ﬁlﬂe&e%m todetest 2 ltydu RressurgUean the dawnstream
equation Q=ClL PTT ((P2/P1)"" -(P2/P1)")1/2 (where Cl

i s #ide oban orifierla detestaiito detaat arfluich tempetunesT on the
constants), and further conprising a correction data

nmenupgtreancside of aherifice, ahdagmtrol compuEtionstircitBguibped
the downstream side of an orifice obtained by actual

MeaswitteaHohsrale tompanssh ailit WhstwitSa AL ﬁo@frafehQ passing

aforenmentioned fluird's flowrate Q are storab

e BRI dretirer @"%S%ﬁ% X
h .
c ?38‘??%‘%%%;%*# hut%é@Q" %ﬁﬁ%?é{ei*‘%‘t%@@ﬂ?e?%&ﬁgsc" by the
P2
don B BelBert d3ntieed od Bleiiane e e e anie

rate val ye bei n utted to the aforenentioned fl ow
r at CORMHY RE‘S Or%mexﬁionedé luihsfawdaten@ igicomputed by she

t he rovy rates A?;QF % 13. Adiffe gntlal pressure

t yp@auRtion Qi+ BINET - @R/EIE, meifPeiFy)bl Awhare Giie mepnoportional
the control conputation circuit further conprises a

pr esoostant,ardm archp@areconstaots)cuit to conpute the

ratio of a fluid pressure Pi on the upstream side of

12an o differentiab pressttetyperfiovs soriteolld? comprizthgla wohtroP@Ive part

side of an orifice, a critical conditions judgnment

Ci r @duipped witkl8s/alveSdilifg Part2an orifice installed on the downstream
side thereof, a detector to detect a fluid pressure P1on the upstream side
of an orifice, a detector to detect a pressure P2 on the downstream side of
an orifice, a detector to detect a temperature T on the upstream side of an
orifice, and a control computation circuit equipped with a flow rate
comparison circuit wherewith the fluid’s flow rate Q is computed by using
the pressure P1, pressure P2 and temperature T detected by the
aforementioned detectors, and the difference between a computed flow
rate Q and a set flow rate Qs is computed, and the aforementioned
control computation circuit is equipped with a flow rate computation circuit

wherewith a fluid’s flow rate Q is computed by the equation Q=C1 P/ T -

((P2/P1)™ —(P2/P1)")" 2 (where C1is a proportional constant, and m and n
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fluid by conparing the aforenenti oned conput ed

pressure ratio and a fluid s critical pressure ratio,
and a No.2 flow rate conputation circuit to conpute a
fluid s flowrate Q by using the equati on Q=KP1 (where
Kis a proportional constant) when the fluid is under
critical conditions, a fluid's flowrate Q conputed

by the aforenmentioned No.2 fluid conputation gi rcuit
when the fluid is,under critical conditions and a L
il uﬁj’esmf’ﬁtﬂﬂt%a?@d Y SAMRNIIRG ACofRecken datamemary circuit
correction conputation circuit when the fluid is _
und&¥hergin ehandesAf the prpssusa B2 endhe downstream side of an orifice
respectively to the aforenmentioned flow rate

conpbtained byaatualimeasigements beforehand and flow rate errors of the

aforementioned fluid’s flow rate Q are storable, a flow rate correction
computation circuit to correct the aforementioned computed fluid's flow
rate Q with the correction data from the correction data memory circuit,
thus a fiuid's flow rate Q being corrected depending on the changes of a
pressure P2 on the downstream side of an orifice, and the corrected flow
rate value Q being inputted to the aforementioned flow rate comparison
circuit to compute the difference of the flow rates AQ=Q’'—Qs.

13.  Adifferential pressure type flow controller as claimed in Claim 12 wherein
the control computation circuit further comprises a pressure ratio
computation circuit to compute the ratio of a fluid pressure P1on the
upstream side of an orifice and a fluid pressure P2 on the downstream
side of an orifice, a critical conditions judgment circuit to judge a state of a
fluid by comparing the aforementioned computed pressure ratio and a
fluid’'s critical pressure ratio, and a No.2 flow rate computation circuit to
compute a fluid’s flow rate Q by using the equation Q=KP1 (where K is a
proportional constant) when the fluid is under critical conditions, a fluid’s
flow rate Q computed by the aforementioned No.2 fluid computation
circuit when the fluid is under critical conditions and a fluid's flow rate Q’
corrected from the flow rate correction computation circuit when the fluid
is under non-critical conditions are inputted respectively to the

aforementioned flow rate computation circuit.
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