DI FFERENTI AL PRESSURE TYPE FLOMWETER AND DI FFERENTI AL
PRESSURE TYPE FLOWETER CONTROLLER Field of the

I nvention [0001] The present invention is concerned
with inprovenents in or relating to a differenti al
pressure type flowreter and differential pressure type
flow controller (together hereinafter called a
differential pressure type flowreter and the |ike)
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make it possible that a flowrate of a fluid either

bielibof the lowenlieml ity or non-criticality is measured or

controlled with accuracy and in real tine even in a
pool] f IThe present nyentimyis combemned withumprovesaehtgrin oncdelating to
of the Invention [0002] Heretofore, for sem conductor
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of difficulties such as a | ow responsi vi_t_)l(/li a poor

maadiaciuigd ahadowLopt ARd yithha struetusa)l sioplieity, pndaifgd ina state of

| ar ge nunber of operational problenms, a limted ]

spacalled intine, ganckat thelgarae time, oaake ibipossible thet adlovarate wf a fiuid

i nfl uenced by pressure changes and the like. 1

either under of criticality or non-criticality is measured or controlled with accuracy

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

pressure changes and the like.



[0004] Simlarly, with a buildup type floweter and

the |i ke, there have been seen sone difficulties such

as being difficult in measuring or controlling a flow
rate in real time, not being able to use in a state of
inline, an existence of restraints of a pressure of
gases subject to control, a separate line required for
nmeasurenents and the |ike. [0005] On the other hand, a
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it. Therefore, if Iarge pressure changes of the fluid
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non- conpressi bile break), a substantial drop in
eftects isuclyas havingawariyno mstrainds of the typg of ghsesvsubjest to control,

cannot be avoided, thus resulting in a failure of
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To solve these difficulties with the aforenenti oned

beihg bblecdbarbeb @RS irered) YiRfe. f | owreter and the like, a
pressure type flowreter and the |ike has been
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floﬁ)ngaqg of %he 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,



and the flowrate of a liquid Qis conmputed by the

t heoretical equation Q=KPlI under the critical
condi tions. [0008] However, even with the said
pressure type floweter and the like, non-critical
conditions occur when a fluid is in a small flow
guantity range (that is, when a pressure Pi on the
upstream side of an orifice and a pressure P2 on the
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close), thus resulting in large errors in a flowrate

or a flowrate control value Q
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largecevetsopia flowfrateonedsyremerdwvatlie/ Gl arca flgwrrategegntral value Q.
flowrate Qis conputed by an equation Q=SCP1/T 1/2

[0008Er e NBmely,anitia bssonveatidmaipifferentisl pressude iowimptergong
through an orifice, Sis a cross-sectional area of an
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Critical conditions for the velocity of a fluid to
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n=7/5=1.4, and rc is Rc=0.53, 3
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"?
(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
rcis determined by the equation P2/P1=rc=(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 R¢=0.53,



while with non-linear type triatom nol ecul ar gases, n
is n=8/6=1.33, and rc is Rc=0.54. [0012] To solve
problenms with the aforenenti oned conventi onal
differential pressure type flowneter (or a pressure
type flowreter), a flowrate value conputed with the
previous theoretical flow rate equation derived from
the assunption that a fluid to be used under
whmmhiﬁdrplaieamﬁab triatom-melecwdar-gases| ASS nbBI6E=1.33, and rcis
conpared with the actually neasured flow rate val ue,
Ri=p sglerive an enpirical flow rate equation having a
plurality of parameters '= SCT11 2 - P2m (Pl -

10512], = FEoRe propismadith MEAoRifihiried ReplbR ifofhital
piShEpE 5@%@8"@%@“*’%@% R GRREE Ao Taf Ve,
oAt Irecarevists PeqielicAbibaistarendt @?&%ﬁmvyﬁmﬁe@

wth the fluid of conpressi b|||t bei ng 1ntroduced by

assyeptiosy thaba fluibtobe ysad undee ﬁﬂﬂrﬁﬁlt'cﬁlr@ﬂﬂ't&ﬂsd§ed in
TOKU- GAN  No. 2001- 399433. [0013] Wth the

nar-oompeeasibilecis compared avith thevagtaally mgasureshilaw rateavalue, to
proportional constant Kis given by SC T 12 and

derivepan empincainfloandite equatiari haging st plocalitpofipatzottereQc’=
tenperature | Pi designates a pressure on the
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equation Qc¢' that suitably matches with the fluid of compressibility being
introduced by inventors of the present invention, and disclosed in TOKU-GAN
No0.2001-399433.

[0013]  With the aforementioned empirical flow rate equation Qc’, a
proportional constant K is given by SC/T"2 and computed from conditions of
substance and absolute temperature T. P1designates a pressure on the
upstream side of an orifice and Pz a pressure on the downstream side of an
orifice. kPaA (kilo Pascal Absolute pressure) is the unit. Further, in the
measured flow rate range of 10-30sccm (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=0.50492

respectively.

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



dependence on the range of a flow rate to be neasured
and the type of a gas. The aforenenti oned val ues

m=0. 4715 and n=0. 59492 are val ues that hold true when
the flowrate is in the range of 10-30sccm So, m and

n don't hold true when the range of a flowrate is

10-1 00sccm or 100-1 000sccm and accordingly they

devi ate fromthese values. [0015] Figure 14 is a block

depargience an the ranpe of edigw eate do dbefheasuredtara thertypé of a gas.

whi ch the aforenentioned enpirical flow rate equation
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n_orifjce, ~a control valve, 22 a valve driyvin
(0B351" ' Fidlire s block ciagram gtan iproved ressuleifigw Controller
conputation part, 23b a pressure ratio computation
fopwhich thecafarementionaceerapifival Howdateraauatiomdca  Fhiswas
rate conputation part, 23e a flow rate conpari son
presicuslyRiiscloséed by ipverdors of thd giresentrinventiomandpe (MAIAHGAN
side of an orifice, P2 a fluid pressure detector on
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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 Pz (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



equati on Qc=KP when under critical conditions (23c),
while the flowrate is conputed with an enpirical
flow rate equation Q'=KP2 ' (Pl - P2)' when under
non-critical conditions. [0018] As stated above, the
value of criticality rc is given by an equation

(21(n+l )),V(n-1) , (where n is the specific heat
ratio of a gas). Wth bi-atom nvol ecular gases, rc is
equatroQcak® wihem under tiitioahconditions (23a)ypwhile the flgagats is
rc is rc=0.54. Therefore, rc is witten as rc=appr ox.
cdmputedORIt® bnAerhpidipal fidve ratefdqiiation QAeKPe MRerPa" whkn under
flowrate @ and a conputed flowrate Q is computed

nom-khtidalfdoPditionse conparison part 23e to operate a
valve driving part 22 to control valve 21 so that the
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[0020] Curve Ain 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



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 KAl -HElI No.10-55218
PublicBulletin D sclosure of the Invention Ghoect of
the Invention [0024] Wth the aforenentioned inproved
enuesd eventiy fte fangensftaesmali dlowhguantitke shown in Figure
14, flow rate neasurenents or control can be achi eved
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us excellent practical effects being
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cannot be achjeved with accuracy arise in reality.
t re, wwth the said i nproved pressure
e flowreter and the |ike, a neasurenent error (%SP
[06?-4]%FS)W ith hemeforemeptiened Iepipvedinjessurg tvmﬂowmai%ﬁe%the
set flow rate when a pressure P2 on the downstream
likei shovari irelRigare fl 4 cliow bateaneasuramants of cbotrel ¢ambe achieved with
appr Dxi mat el y 200Torr, thus resulting in occurrence of

cohpéhiativelyi lagh ancmaayﬁﬂthemousmte [s0iA27$matl flow quanity eoige up to
of the present invention to provide a differenti al

a;ﬂfrﬁﬁﬁh‘étél 10 fithe MBIRUNAAGWIrER 43 Rowh by CaweqORi Figure 15,
d sinpl e In structure to solve the problenms wth an
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previ ousl nventors of the present
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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



achi eve highly accurate flow rate neasurenents or

control over a wwde flowrate range fromthe nmaxi mum

flowrate (1009 to approximtely 1 % of the maxi mum

flow rate, and even when a pressure P2 on the

downstream side of an orifice is in the vacuum and

makes changes, by storing the error data obtained by

actual neasurenents beforehand in the nmenory devi ce,
achislvd highlyoacouwatediow ratefrhessureatents onpontesliover aavideslow rate

in reference wwth the correction data. Means to
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pressure P2 and tenmperature T detected by the
Aahieye e Dbjeett ors, the aforenentioned fluid's
flowrate Qis conputed Wth an equation Q=G -
[0628] [ - The présatRrhyentiqrpas plRjmed 1r2 Claihret és flindamentally so
proportional constant, and mand n are constants).
cdrid@RRAéd With arderehtianpressutype fleWwmheted comptsingar? otifice, a
fundanentally so constituted, with a differenti al

degéa%ﬂts 8eloP8 fiuid fife POBRthe LURStra8msidé of an orffice, a
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aforementioned detectors, the aforementioned fluid's flow rate Q is computed
with an equation Q=Ci * P1/y T - ((P2/P1)™ —(P2/P1)")"”? (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



af orenmenti oned detectors, the aforenmentioned control
conputation circuit is installed wiwth a flowrate
conmputation circuit wherewith a fluid's flowrate Qis
conputed with an equation Q=C - Pl AFT - ((P2/Pi)’
_(p2/pl) n)1/2 (where C1 is a proportional constant,
and mand n are constants), a correction data nenory
circuit wherein changes in the pressure P2 on the
afdrementicred detdetors, the afoiamertionelot aontexd cosnpatatica circuit is
measur enents beforehand and flow rate errors of the
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flow rate correction conputation circuit to correct
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conputation circuit, a pressure ratio conputation
afgreragntionesl dyepftow rate CE) are stosablg, andiadlqy eateogrestionn
the upstream side of an orifice and a fluid pressure
cdraputation eirdeitvies corsach thie gdoreimantiomedfdareputed fleid’s flowrate Q
condition judgnent circuit to judge a state of the

with thedcdryectivrpdataricor ke cafrecioredaiaomecharg ajrotig,dhus the
pressure ratio and a fluid's critical pressure rati o,

cotfifuted fidRi'S fibWdite &f Seifl§ BovicdtdPlepéndiHg ontchafRRB W&
the fluid's flowrate Q by using the equation Q=KP1
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nder critical conditions, us out putt
vqulé)g,rate Q conmputed with the aforenentioned No.2 flow
k) ‘conputation circuit when the fluid is under

jfic condi t.ions, and also oufputting a flujd.s. .
obhl, + 3he rapert ioyeianes e i i $ BfpSpdlo clim 21s so
correction conputation circuit when the fluid is under
constitited thataby installing,gwith agcontrol computation circuit, a pressure ratio

computation circuit to compute the ratio of a fluid pressure P1on the upstream
side of an orifice and a fluid pressure Pzon 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 proporticnal 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.



[0031) The present invention as clainmed in Claim4 is
fundanentally so constituted that flow rate
nmeasurenents ran be perfornmed with high accuracy over
the wide flow rate range by conbining a differenti al
pressure type flowreter for nmeasuring a flow rate
range of 100% 10% of the maxinmum flow rate range and
a differential pressure type flowreter for neasuring a
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range and by switching a fluid to be nmeasured in

coMShRtEA BeR MW %té 'i‘l‘?eé’glﬂéﬁ@ﬁfg ESHBE performeatith ﬁﬁﬁl%ccuracy

using a swtc ng valve, to supply the fluid to the

e S e T
fof FeRs LAY, f?’owaitggapgétoyéﬁof/’%mﬁ% Hixug foyyag range
ans| 2 citsgonial e BeiTe, e Teader F essyingrboy 8 RErange of
the upstream side of an orifice, a detector to detect

10%+1%icd the mssdmum fiow satetleage ey switching @ fhid ip be

orifice, a detector to detect a fluid tenperature T
measutred in@storkanceiwith thie zforementionegd fiow rateckamges|using a
computation circuit to conpute a fluid' s flowrate by

swifohivly Vélee ploesigpplethélfluidite tisel aforthentioded Wiffgrential presdure
detected by the aforenentioned detectors, and the

t?‘g%@m}b@nedflwdsflowrate Qis conputed Wi th
he equation Q=Cl - P1/-FT - ((P2/Pl)" -(P2/Pl )n)il 2

OB STy foR A cufio Sli, A plochin o
R S s AR b el fforenua
PRSI P BonnalerLeaP PO G Getarar i BBe & ol
prggsltgrg? ngﬁ’ Ftr{gﬁae S;gnqtf)égn% s?ée SP ar? Blrli‘l::g ea dgteoclz(tacgret%tdetect 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 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 C1is 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 {o 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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pressure P2 on the downstream side 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 Pi, pressure P2, and tenperature T detected
by the aforenentioned detectors; and the
af orenenti oned control conputation circuit is equi pped
pressuredPFdrothier davenstozarm side ofoan orificelia defeetanto detact a fluid
fluid's flowrate Qis conmputed with the equation
tefdpetaturd’T/onlthe dstidahh sidle-of(@roiide, aht/a Cortvétesoenpsitation

a proportional constant, and m and n are constant s),

cirRuft 96 CBRIPURS abRlidts MBWDYate BY usiid th@”ﬁé@élﬁ‘recﬁ’ﬁ?ﬂééﬁsmé %, and
pressure P2 on the dovvnstream side of an ori

tef :egétgféj'g?)éét%?g{i%g t ore onegqﬁ%t tgpsaqﬁdamg Elaf\év Q
sy oo ?%ﬁ%ﬁ@@“ﬂ“&%@ﬁ Fate

coppytaien GHCUbMReTRAET § TEITE ot rale ulscomited WitLing Gauation
flow rate bei n correcteg2 dependi ng on changes of

a

QpeesBuveT PUPsHP ' he—(RuR e D e 2 aeeCols anpropertiqnas ceastant, and
output a corrected flowrate value Q. [0034] The

mandgeate constanishra cerrettiomaatai mediogy rirquit wherein changes of a
fundanmentally so constituted by formng it with a

pregsure Pxashythkdgwastretan side bf an dhificel obtdimed by astudl ui d
outlet b, a nounting hole 17a for the No. 1 switching

m¥asitermhts BefReRand and Bb& rale’ Brrbay oftthe drethantionelifiiéd’s flow
valve 11, a nounting hole 18a for a fluid pressure

ra%ebqgts%reﬁ ?Hd %ggmr Pa%rc%fr;@&ﬁgﬁ Sofif Lﬁ‘é‘tléﬂ Eikdfito édrrect the

mount I n pr ssure detector 3 on

afé*é?@%%%@ecﬁos@@eaenﬁ@a@@xvt@ 1 67t BB Helepdne
coarepﬁem Ite;) éﬁbq{&l CtL'J"IFFﬂE SQHtég ?lmcég ng r@}geaebemg corrected

undersi des of a pmounting hoI e 17a for the No.
depgnding o changes aba presaiaF20h the downsireag Slsiequ an orifice 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, fiuid 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



fluid pressure detector 2 on the upstream side of an
orifice and a nounting 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 comunication of the wunderside of a nounting hole
17a for the No.1l switching valve 10 and the underside
of a nounting hole 17b for the No.2 sw tching valve

fluld pressiirelddtecters® ag ¢hd Gipsfreamcsideoh an atrifica and a hounting hole
undersi de of a mounting hole 17b for the No.2

1 7Nk ethe N2 QWH@hiia% valvik 1 havhititigresindde o tise Imberdri ofghe
hole 18b for the fluid pressure detector 3 on the

afSRMSHtRR VIR bSH%%Q 8iutd 5§ss@fé+eﬁfar BommRdficdtth 6fthe

connunlcatlon of the undersid a nounting hole 18b

urfcfé b8 % 'r‘dbﬂn Ghole f7a H)?ﬁﬁ&W1t?‘)r\ﬂBhngeva‘i‘€é[Nﬁ‘éanﬁatﬁb

de 0 an or| e and a flurd ou
ur%ﬁéigﬂ‘?a %BHE@@%n?'ee"ﬁabeFoi&#%i*fosf%éh‘?ﬁo%%%"‘1 Al
pq%%ééﬁ?@b"e? §3mn§1°#$$}i°319@féﬁﬁ§?§tle3§%e &gmmﬂnﬂ b 17 for he

stream side of an orifice,
Na 2 St araive il anciperniereidg Qflao@pﬁgtlm Bojes #fafardhe fluid

between the aforenentioned fluid passage 16e and
préssire dedestagd ancthe ddvensteain sidet eframgrificealafluid passage 16d for
wherewi t h openi ng and cl osing are conducted between

confvauniziation o the andersidelofta peasding Hodd 18bdof thei filid pressure
passage 16c¢, an orifice Vfor a small flow quantity

dét@&bﬁb'cﬁﬂth@adév\fﬁétréé?n Lhie of &1 8rficd hrdedIdid vutlePiBSS figidl

, anorifice 1" for a large flow quantity

pr*a? de?@ctBPztdI&h%flgisgn"é%% RIS drl BiiftePasd adklig F’eé%hre

passage a control conputation circult

ST Ml B i PP A 8 i
o e ol M 510 PFERR L0 ot ik 7R

af orement i oned pressure detectors 2 and 3 and
switching valve d 0 wherewithropening padiGlering aps cardygied hetween the
equation @=Cl1 - Pi/.[-T - ((P2tPl)m 12
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 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 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 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)" —

12



(P2/Pl )n)Il 2 thus nmaking it possible to neasure a
flowrate in a large flow quantity range by cl osing
the aforenmentioned No. 1 switching valve 10 and
opening the No.2 switching valve 1, while a flowrate
in a small quantity range is neasured by opening the
af orenenti oned No.1 switching valve 10 and cl osing
the No.2 switching valve 11. [0035] The present
(PeAP4¥Y ? thug snaking Nedskiblétcamaasurea fiodi rage troa Girgierfiov
iIs so made that a flowrate range up to 100% 10% of

qudnBty RAGELEY EIbSg'tRE @férememRRsmetatb. hYsviitepig dall @ ONend
1 switching valve 10 and opening the No.2 swtching

L | r R 0 0 . .
oRERINEiE nip 2 iifeing BN viile AGwsBIc i Sl Py fehge fs
| ihg. val. 0 ' A ' | :

B E b e @ rEntaed NGLF sPigfing VA 1 3Rd closing
Claim9 . accordin oCaim4 or Caim7 is so
th%&ﬂwgﬁ‘gﬂ%‘t’géiﬁther one of the No.1 switching
valve 10 or No.2 switching valve 11 is made to be a _ .
[083%]Ihal 1 bepsesentiavaniionaselaingd inElim &acersding 'Pcfg'éﬁn 7isso
type valve, and a operating fluid is supplied from one
mada thatla flew eaterrangg g tiocl Q&&V@Wf the maximum dow raleds s
10a and 10b of both switching valves. [0037] The
measiredtbyi clasing ithe Nas1 shwitchieg vahvelll Giamd idpemingthe Ng.2 o
Caim7 or Caim8 is so made that a pressure

sviRhaf] @dlve 14 Owlié edflovd rate 4ahgE @pao10%e1 % pRtheanaxiaiute flow
of an orifice, a pressure detector 3 to detect a

TR0 B oS TR OB g, Mo

L o e Pk A

[Ogﬂglr ggﬁﬁg{&g%é}ﬁﬁ{lqi{ﬁﬁnaﬁ%glg%gg cllln b'i‘ai% § iaE:nc&r%lir%gSto 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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with a differential pressure type flow controller
conprising a control valve part equipped with a valve
driving part, an orifice installed on the downstream
side thereof, a detector to detect a fluid pressure
Pi on the upstreamside of an orifice, a detector to
detect a fluid pressure P2 on the downstream si de of
an orifice, a detector to detect a fluid tenperature

with amdiffidrentilyresquredipee flolv contillef tomprising @ contesitvaiie part
conmputation circuit equipped with a flowrate

cgfgﬁﬁ@:f WRR'S IV Hh@lngVﬂiﬁf A drifice ihbtalied %nfth@\ﬁd'vﬁts?reﬁm side

ssing through an orifice is conputed by using the

thglrﬁeé%i}#‘ BEtelotor tB'dRTS IraefILEJ 4 g?%@r,jst}rﬁ 'mgfn"’\ﬁlérdjasi PQFJ §ab&Ht dVorifice,

rementi one erence

a glet i fo AeledtA e phr Sk BoHroy e tuhst B SR drhFosifid. o
SRR Go e PR T i s SEAE o,

and mand n are constants %1039 The present
contrpbsempHtationcgirsuitinuinpad withaifiow saterramiparisoneuity
that, Wth a differential pressure type flow _
whearawitbla tluidsdigw rater(@ passiogtthujugbmwerigm is cargpuitegday using
wth a valve driving part, an orifice installed on the
thd pressure @1 predsurd PeandtemperttecT dietécted biydhé aforemerdioned
pressure Pi on the upstreamside of an orifice, a

dedgitBrd, @hdithe dffetEhca@ bbhwdeh Qb@ﬁﬁmt@d fawaatd Qeand a set flow rate
downstream side of an orifi ce, detector to detect a

Qi %%ﬁ?&ﬂéﬁett% %réﬂﬁ%nﬂﬁﬁéd ﬁaﬂ*ssﬂdiﬁ rfe ﬁsWeWﬂu@ by ik

con utation circuit eqU|ppe

e P B R e Bl e e

P2 and t er ture T det ed by the af or enent i oned
c°6‘§¥aé'l§’t"i')'?£%%’ﬂ@“tq{€ Cogs ence bet ween a conput ed flow
rate and set flow rate I S, conput ed

(0639 oriEhe iRsRSRNtdBYRNtISN 2o ABIa ToMAIM Bis ch%rastﬁﬁlzsﬂélathat
with a flowrate conputation circuit wherewith a
with aidifferentialpresswedyps flosngantedeh gompasingua co ool alve part

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 fiuid 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
Pz 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 G is computed by the equation
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Q&G Pi /T p2lpl)m _(p2lp,)n)11l2 (where G is a
proportional constant, and mand n are constants), a
correction data nenory circuit wherein changes of the
pressure P2 on the downstream side of an orifice
obt ai ned by actual neasurenents beforehand and fl ow
rate errors of the aforenentioned fluid's flow rate Q
are stored, a flow rate correction conmputation circuit
to correct the aforenentioned conputed fluid' s flow
- @=Ate R Wi h((Fhep gorremy/Pon) ‘tawhelé ONis Aproportioraltdopstant, and
data nenory circuit, thus a fluid's flow rate Q being

di : ; i,
R H R or RS nXonRRubh Bl ARy Srodit AEREHchafiges of the

side of an o

PE 5 5 B shR o4l e Bt s bb Ay futd®
oS b an ey e ARk B e Preshigneuid's flow

according to Claim1l2 is so constituted that, bé/
rataQ are siaged,i a flow rateneersctionrsnippitation gireitiq corect the
pressure ratio conputation circuit to conpute the
afcgementioned tomiputes teidisrflovprateQ with theporiestion dateefrem the
an orifice and a fluid pressure P2 on the downstream
corrgletiont data memioky ciecuity theus & iflaid’s flowdate Qrizing dgreated
circuit to judge a state of a fluid by conparing the

dEHEN ARG BhitRE RHaRGEPUE & Preysaps P2 Onlthé dBwaBEreand $ivé @f an orifice,
critical pressure ratio, the No.2 flowrate

ahd W&&%@Ed ‘i‘lioW%Jtté véﬂ&ﬁﬁ?&i%%@@é}g ) tﬁefdf&wmérﬁfo?le@l flow

by "usi'ng the equation I's a proportiona
onstant) when .the fluid.is,. I Clelgt | — (e Y
rel @ AapRget ciewi I ol eratBRBee dr obEftes, 405 Qs
fore tioned .2 fluid co tatfjon circuit,.when.the .

0Brl] o b mpaeniipvention oS clmRdie WA 43 gcppding © Flalf 121s

rate value Q corrected fromthe flow rate correction
saopmsiituteddhat ibydostallingewith a sontrgl eomputatiga circuit a pressure

non-critical conditions are inputted respectively to
ratibeoatputatiemcircuittd ¢dmputedhe ratonpfiadluid pressuoiPy on the

Ef fects of ' the Invention 15
upstream side of an orifice and a fluid pressure Pz 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, 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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[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 flow rate conputation equation which makes
it possible to obtain a conputation flow rate val ue
corresponding with the neasured value with high

[094f]ur aWith thaysresbhonvetion)ehe stravitee of aaliffierehtial pressume type
be manuf actured at | ow cost, and noreover, they take

ﬂo%ﬂnéfé'r a8 thelike .@@h%ﬁb%uﬁ%ﬁﬁe&w drienitls SPOGHStRLBHINSE a flow

tting positions, anda control flowrate is not

raLé%ﬁ‘lEUfé‘ﬁgn@?éhﬁrﬁéd aly Irrﬁﬁé}‘éﬁl ﬁﬂ%ﬂﬁ?ﬁr ra?é“é’@rlnb[]ﬁbtion

accura oW r t asurerren s or ow rate
trol
o Db i it b8 R Bl ho 1P EfESBle
cograseanlinagyih fheegsuredvalys withigh el fisralowing the
circuit for Illsﬁtngm ation flow rate, thus enablin
|

floveagtes gnddbe ermangiaciired &t jow ensingad rapresren Yhey take

the secondary side of an orifice. Therefore, highly
arcipline faren, fanscarabe usedsvithovs sopstorints ehitting pesitions, and a
can be achieved virtually w thout being influenced by

coptres flowaatecisay dfluenesd meariy st allbyRressurchehargesn énabling
side of an orifice is under a vacuum (a | ow pressure

higHly laReraté HEWORTE fridasuréféais drfiow riteoaitror feal time.
present invention, it is so nmade that a differenti al

[o@&%FSUhfsot Xﬁﬁ\ ﬁwb%?éﬁrln@é’rﬁtlﬁ ?ﬁ@'sb rhh @y ﬁ’é’taé‘éd)ﬁtyoland

fferential pressure type | ownet er or a arge

cARAREER N it HERY sy
neasurenents w h erro OSSP, ess . tha %.S,
PrESeIT B TIBP S, St SO D LRy 6%% o putgieR gy f s
range from theratedflowrate 10099 to,a s flow
ertsabans ieapy cormaption exgp Mamﬁr@éﬁyrelcf% s qrige % S?ffqmafv
rate, by both differential pressure type flowreters
sﬂmoﬁgn orificehelfheredore, highly accurate flow rate measurements or flow
rate control can be achieved virtually without being influenced by pressure
changes even a pressure Pz on the secondary side of an orifice is under a
vacuum (a low pressure of less than 50Toerr).
[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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[0044] In addition, with the present invention, the
control systemcan be further sinplified by making
the switching operation, for both differenti al
pressure type flowreter for a small quantity and
differential pressure type flowreter for a |arge
guantity, automatic with a single-system control
signal Sc. [0045] As stated above, the present

[0D4}ent Iroadditibn cwitls thex prdseatinveptiant theadontrel Spstem ¢arabe
all types of gases are neasured or controlled over the

furthé&esifrphfied @?@nalﬂﬁ%ﬂﬁa wivitbhing @pefation, deybatheliffeveatlalepressure
gas of less than 100Torr is used al though the

tydk bRARIE! R _apérﬁéﬁ H[Jgntgttyl%%ldf&iﬁ%igl %Fé!%@ufé"'ﬁjdei flwrReRr for a

structured sinply an ow cost. Brief Description

f i ; i j ' l.ock
i QiR AR WA sTHRLS Gt Cortred SRiral B
ordi,ng,t.0 the fipst enbodi men f th r .
(0B5Gen: A bteBdbhveri pEant VBNt aehitieS eXRgHnt, prgstica
characteristics, of a differenti.al {eﬁs re type .
effecti et al tyResrolgases aremeaniired;os coBUrgsd oxerthguids, flay rate
show the rel ationships of "a flow rate, the s,econdar¥
range withrhigh @ceurasy avenovhen a gasofdoenthan 0 toreisgissd although
resi stance on the secondary side is changed at the
the idiffierehtial presswedype fledmeter and thaike areastructuced simpinand at
orifice is the vacuum [0049] Figure 4 shows a

lowsstir enent circuit utilized to obtain data in Figure
3. [0050] Figure 5 is a basic block diagramof a

Bﬁgff[j@g@gﬁ%' ﬁ?f m@mm?y owneter according to the

secon pbodi ment 0 e present invention. [0051]

OB 2P 13 B4 ARS8 8T ndefidf gl oumeter
ac%réing e ﬁrrétt eimrb\ﬁe ir¥1ieﬁ{10f tﬁ% 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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[0052] Figure 7 is a systemdiagramto show t he whol e

configuration of a differential pressure type

fl ommeter according to the fourth enbodi ment of the

present invention. [0053] Figure 8 is a

cross-sectional schematic diagramof a major part of a

differential pressure type flowreter according to the

fourth enbodi nent of the present invention. [0054]
[0B68r e Figure 7ais sesystemadiagsand taehoy thé whalevicoofiguration of a

operation systemof a differential pressure type
differenial presbare pedlowmeler setoirentd thesfosthtembodiment of the

val ve and a normal close type swtching valve are

BEBhOKEEntREEOr ding to the present invention. [0055]
pFlggure 10 1s a basic block diagramof the first

di : b f j ‘ I
103 T oF e Bisth affss B TPhaSerBhEE tiggaXm ot 2 tlop par of
Fiqure 11 is basi ¢ bl ock di agr f the s
oA s yPE Hobrar 6 cto B fle o fpdHipament of the
controller according to the present invention. [0057]
Presgr IBvemtions o pasic bl ock di agram of the third
enbodi ment of a differential pressure type flow
[0854} r oFigure Lisanexrjanatonndraying &h@ switching eperatioppystem of
Figure 13 is a basic block diagramof the fourth
a diffeoeritiat pressiure typti fildwmeter far whicksa moemalppen type switching
controller according to the present invention. [0059]

vadlvegane alrorhsal 21d¥e0ype dwighing wdlveare eppioyeti acasdingdo the
type flow controller disclosed previously. [0060]

pres&Nf iAvéftidre @ diagramto show flow characteristics of
an inproved pressure type flow controller disclosed

1055k Ly ¥ e e Rla fesF EICICHEG NG i ST eRodMERt 18
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 fiow controller according to the present invention.
[0058]  Figure 13 is a basic block diagram of the fourth embodiment of a
differential pressure type flow controller 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
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[0062] Q Corrected flowrate [0063] s Set flowrate
[0064] SF Standard flow controller (a pressure type
flow controller) [0065] A Differential pressure type
fl owmmeter [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
Oifice for a small quantity [0072] 1 " Oifice for a
[0062]ge QUEoriecied IO# 3hteAbsol ut e pressure type pressure
detector on the upstreamside of an orifice [0074]

[0d6B10] UQR PetaRMIFflet ype pressure detector on the
downstream side of an orifice [0075] Gas absolute

er : ritfbil
OSSR coffoldamesaneyps denclariblen

[Oé(jéfﬂw rat GD%WWH%&I#/WQS@O I @8] Sb Correction

a nenory cClircu OW rate correction

oG o0 ol s OB Bl i oo o
utatiogn circuit for conputing a flow rate under
[0} i cgf’ M PHAY 19

[0068] a Gasinlet

[0069] b Gasoutlet

[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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[0082] 5g Conparison circuit for a set flow rate and
conputed flow rate [0083] 5 First control
conmputation circuit [0084] 5" Second control
conmputation circuit [0085] Flow rate output term nal
[0086] Power input termnal [0087] Gas supply
facility [0088] Gas use facility (a chanber) [0089]
No. 1 switching valve [0090] 1 Ga Driving cylinder
[0082)91] S$Comparigarhcirquitfal aset f0Gdate and gobputéd ffow rate
cylinder [0093] Body [0094] 12a Gas inlet part

[0@83eNs’ Fitdl@¥hlrolébmpatationtdiglitpart el ement [ 0096]
12c No.1l body elenment [0097] 12d No. 2 body el enent

(0§84°8] 5%88cond BgniRGFIobARASh ot - 14b_Mount i ng bol ts
or pressure detectors [00100] 15a - 15b Di aphragm

oNghee, PRSIl BRI 103, 1o Passaes (0002) e
o0 LoHER AR "6, 0,2, e ng v ve o0n0n
[Ogé)?]t re rara]sssiudp%lyoffacili?y orifice 20

[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

[0098] 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 vaive

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

an orifice
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[ 00105] 18b Mounting hole for a pressure detector on
the downstream side of an orifice [00106] 21 Contr ol
val ve [00107] 22 Valve driving part [00108] M/
Control electromagnetic valve [00109] Sc Control
signal Best Mode to Carry Qut the Invention [00110]
The foll owi ng enbodi nents of the present invention are
descri bed hereunder with reference to the draw ngs.
{00 0wa]1 1 18b Mauntinglhole far & asessuné deteatbraon the déwastream side of
differential pressure type flownreter according to the
arf orifide enbodi nent of the present invention. The said
differential pressure type flowreter conprises an

[ogmé]l ce1 BorifbldBRe! Ut e pressure type pressure
detector on the upstreamside of an orifice 2, an

[oéﬂ\?;\ﬁ UQQ\Q@&? ,Lilv,ﬁ? p'aYtpe pressure detector on the

st ream si an orifice 3, a gas absolute

(oo BVCE . ﬁ%&t&ém@@n%ﬂfg#gétre"é‘f‘lih?? S, an out put
(OBl e ol STl y faci1iy and 9 & gas use |
Bfal I |t a chantber) . [ C%llz] Wth the differential

: z Xlcording to the present
[ nventl on, gas flow rat e Q passing through an
[00%10]i cEhe fulimmng @inbastientsof therpresemtdnventinn asrdescribed
(that is, under non-critical conditions) is conputed
hebpgurader veitl’pi'efé:miceftbdhedaawingquati on as the
bel ow stated equation (1), and the conputed value is

(oo ’%lit Fl%.)(ﬂ:ré q ik kRebAiE BIoER didgrawe Bf & iiferahtialtpressurertape
6. Pl~ T - p2/pl)m _(p2/pl)n)ll2 . . (1)

ﬂoWé‘té?]ac&%%i rzé & fﬁ'@aﬂ"rgi %Bedﬁﬁ'éhtrdf‘iﬁé pre<uMt ﬁﬁ\ﬁé‘\tlon The said

equat 1 on what new y
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 ocrifice 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 terminal 6. Q=C1+ P// T -
((P/P1)™ —(P2/P)")V2  + « « (1)

[00113] The aforementioned empirical flow rate equation Q is what is newly
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i ntroduced by inventors of the present invention based
on the followng flowrate equation (2) based on the
previ ously known continuous equation. ( 2 { K+1 S PI
rR K 1(~}x~ ]1]Y (2) [00114] Wth the equation (2), S
designates a gas density, K a specific ratio of a
gas, Pi a pressure on the upstream side of an orifice,
P2 a pressure on the downstreamside of an orifice, T
intodiiced eynipeentars of tHe pregent investiombasad dn3he following flow rate
cross-sectional area of an orifice. The said equation
eqﬁ.u%hoﬁilﬁ) DS b ihé pravioddhp Rhowh @OhTiRLIoWE BRuatieh.
af orementi oned equation (1) according to the present
i nvention, Q designates a voI ume fI ow rat

converted to a gtandard t oef
g:&lu_dlﬁ A os2 @t oNaI oriflce 1, . Pi (
absol gt e pregsare kP-a.)l up Pram sigle of an

orifice, P2 an absol ute n the
downstream si de of an ori f| ce, and T an absol ute
tenperature (K) on the upstream side of an orifice.
[00116] mand n are constants determ ned by conputi ng
it of N2 gas is =1.40 with the equation (2). Wth a

o) BN 1! SRR b 5s BB opeci rte

and n _in the equatlon(l) become, C1=2680,_n¥xl. 4286
of &P, 1 A7ATRSSHESR 19 VRFam e of o AETER. R #5195k PP the
say that the said constants Cl1, mand n change
dowe)sineainn gideroftamcorifices Trapee teaperafuee, R a gasconstantoand S a
the N2 gas, it has been known as nrl. 4286 and
crossts@dtivhal aked 604r 8lifi€e.giheesdidiexuation (B phas bder publicly
to show rel ati onshi ps of a set flow

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, P1an
absolute pressure (Pa) on the upstream side of an orifice, Pz 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 nin 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 N2gas, it has been

known as m=1.4286 and n=1.7143.
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rate value (%, pressures Pi and P2 (Torr) and error
(¥%8P) of a differential pressure type flownreter (100%
set value 2000sccn) in Figure 1. Flowrate errors are
found to be of extremely mniml values (less than 1
%6P) to a set flow rate value (% if the set flow
rate is around 10(% (10% of the maxi mum fl ow
rat e=200sccn) even when gas pressures Pi and P2 are
[cohtR) Flgure dsihe nieasussd vahues t6 @Ghiow relgt@msbis of a set flow
However, when a set flow rate value is |ess than
rafedd(die (%) pressliaseR1 and Ps €Tornzrcénron(%8Pe obadiffsrential
flow rate error becones nore than -1(%8P) when a set

pre&QYetgHE NYdRet 610096 Set (altie LOOBscom HLRRJur&1IUIRoW rate

is a diagramto show rel ati onshi ps of "a pressure

er&ﬁgg‘l’é 'Fc% rﬂﬂ%ﬁé‘ﬁf éﬁ@ﬂ?@éﬁnﬁhgﬁvﬁueége% {HanCresP rfi@‘a set flow

errors and pi pi condi tions on

A GRETIR h on g ChERRHIE RYEGHE rai ow

ra%)@iﬁéﬁ?mia%\e@ﬁv ey oSRroR D] e PA g Lbibr b vacuum of

1200scc 1800scm and 9k 2000sccm (100%
lesetian:0 Ty The maxi mum flow rate (100% of a
differential pressure type flowneter enployed herewith
[00$19]20blosaver, Wit 2 et Aowrgte waluglislessd an\ﬂél(%ésd iffagulties
as shown in Figure 3, square marks show errors (%SP)

arise infpeacticahusé hetaase alfioav patd drive beichmesrmormthan —1(%SP)
installed on the pipe passage (4.35mm (p 100mm on

whidrea@et el ratelealot isiglisithanam{¥®! pressure type

fl owret er, rhonbus mar ks show errors (%SP) in the

[0 Gg@]gu{: ?@Parg‘f?%ﬁ@w"\‘eidi Qgs\tﬁlauﬁre%un% B2 Ordrr) on

et SI erenti a sure type

th%o%%ﬁ?ﬁ{’%% side 8*’%{1%'”? R 2 SBEBU AP, va|°ve(°7°§?*ﬂﬁ°*c@5ﬁ’9

cog%;tp,r@ on t(?\ezselc%nldg%} sa,‘lldleeo a di ﬁerentlaf pressure PypehfPowmeter

according to the present invention, where 9a is in the event that a set flow rate
(%) is 100sccm, 9b 200sccem, 9¢ 400scecm, 9d 600scem, 9g 1200scecm, 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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(¥SP) in the event that a control valve with a Cv
value of 0.1 is installed respectively. [00122]
Nanely, as apparent from Figure 3, when pressure
conditions in use are in the vacuum (|l ess than
50Torr), relationships of a pressure P2 and a fl ow
rate Q change substantially dependi ng on pi pi ng
conditions on the secondary side (the downstream side
covtrohmalyeiviitrca)Gv valus of @s2iistinatatled, amdnigclegnarksehow errors
(¥6P). [00123] Therefore, at the tinme of adjustnents
(%8P pindtht fesentthatla ¢ortsd valvetwitte a GV oaloetafr0. 1 i3 imstaliatie
errors (%6P) are neasured in advance for cases wherein
re&E@d ondary side pipe resistance (a conductance) is
changed (with 4 conditions and at 11 points in the
0 LU L an ffeh&d ; ;
(08828, PN 5 oo BRE B FREHS SiESS oS g ichriiions in use
j I I t '
T HF ka1 Tt SrteliofoPY e EralepriyR agng o flow
0 tation circuit usi,ng the. said carrecti
rafée G G, RUDStaR AN STeREBUInG: o1 PIRNP coaqilions ap b segandary
.beconmes possi bl e even when a pressure P2 on the o
side ttha dompstreame sige of a fof@ieé-riguﬁlfew%% v €hangipg errors (%SP).
fl owret er changes under a vacuum [00124] Figure 4
[00123]st Theeafore, @b tha timesoftadjustents oba slifferentiamressure type
correction coefficients in Figure 3, for which a
flowreeten ftow yate driore/ (USSR Y arel measuredripladyadcé éor cases wherein
standard flow controller SF, and a control valve V2 is
thé eeBEAALY SidS PiROrelsistafdiE0Co i ubtarice) 48 hahgets (with #he
secondary side, to adjust the flowrates of a supply

cadRtidnYaridCatof ﬂght&firetﬁe ¥asé %fF?{jd“rbg‘i}), ahd 8BrrbBlicH ¥aéffiSients to

200sccm over t ow rate range 1 00sccm 2000sccm

cam%e%ie%rg%’gé %g:g%ﬁ%ag}? ggg%liin# w 'ﬁﬂ{lst w clo‘f'ltectiﬁg glow?ée values

neasure , ‘erentral® pressu
o bR una uaes B S BeR T SB thE bt
coirﬁpuntgt?gh circuit 5 using 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 (Nz to be adjusted at 11 points) at an interval of 200scem over the
flow rate range of 100sccm-2000sccm 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 Pz on the downstream side of an orifice each time
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[00125] Adjustnents of the secondary side pipe
resi stance were made on 4 cases, that is, when no
control valve V2 is used (or when a differential
pressure type floweter Ais directly connected to a
vacuum punp with an approximately 1 00mm | ong pipe of
an internal dianmeter of 4.35mm ~5 ), when a control
valve V2 Wth the Cv value of 0.3 is used, when a
adjostmenit ivalade. V2 with the Cv value of 0.2 is used,
and when a control valve V2 with the Cv value of 0. 1

[00$25]s e AdjUstibAtd ofthensitbhdandside Pise rddistancé vese Wade on 4
nmeasured at 11 points between 100scm 2000sccm

cds@Qlthak id; Wﬁé??ﬁé‘@bﬁtro!e&dl% %0 ¥ $¥ad (’éﬁ‘rvﬁ'lérpg'@lﬁé?énﬂél pressure

foll ows: lowrate value of SF- a flow rate value
ol ML AR B B e oy

YRR b TSR L i e
w=¥ﬁ‘ﬁxe?§”“ eoeieh B vngd %n%i‘rg o valEVarButie v alye of 0.2

-2 Tor [00129] For exanple, vvhen a control valve V2

is wgedy v@@nfa @ww@al\@v@wﬂaﬂbe Svoealye 960.1 i 4seidm t he
secondary side pipe only with a straight stainless

[08128]) Aispeentiorad above, flaw ditesraese nigasted Bl pointa between
length L=1 00mm and a supply flowrate froma

1(00seasR080saame. fl ow controller SF was nade to be 1
000sccm the neasured value of a differential pressure

[0bYPR | FArRBHABr effds (APPPPWerBESMpuledas felidws: (4 FloMrate
error having beén zero and the secondary side

vali€BPYFE. F@f!&i\ﬁ%@v&l?ﬁ 'of ﬁgﬁ%rﬂ?:?% Pz%ib%)ﬁYuelngQFr 00%.

arly, assumn ow rate fromthe

e AR AV
ap}%%p%@%t@akggg#@pa%hg %%ggrqga% Stl.lg Sf gltl ecwsr"i |cl3|er3 %f I.;:Zdi%%rséntial
pressure type flowmeter A was continuously evacuated by a vacuum pump Vp
(300 liters/min and the maximum pressure achieved 1.2 + 1072 Tom).

[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
1000scem, the measured value of a differential pressure type flowmeter A was
approximately 100sccm, thus an error having been zero and the secondary side
pressure Pz 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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[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%sF and
P2was 34.5Torr, wth Cv=0.2 the error E was -0. 05%P
and P2was 40.5Torr, and with Cv=0O.l the error E was +
298P and P2 was 59.5Torr. [00131] Thus, fromthe
secendanyssids psesaure iRz wagapproxjimatelyaB9tomas been
est abl i shed as bel ow to show t he associ ati on of
[00h30l0 e Sirflarky, byahangihgBoraitidieof Hevseebndary sidd @ipd, itwas
orifice and occurrence of errors (¥%6P) at all the set

folih@that! alén Valdesordiidils thaf alupphl fiéWidiet fréMheTSF was

passage on the downstream side of an orifice (Pressure
BB L1005 St ELTRRETRY e RSP 288 o
WS i 90300 400398 95nd s 485382 nd b Cv=0.1
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 Pzon 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
side of an orifice (Pressure conditions)
Set Fiow Rate Set value

% scem Pressure P2 on the
downstream side of | Error E {%SP)
an orifice (Torr)
29 -4

100 2000 345 -
40.5 -0.05
59.5 +2
18.2 0
20.1 +1.9

>0 1000 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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32.0+3.1 [00132] Nanely, with a differential pressure
type flowneterto be used under the vacuum of |ess

t han approxi mately 100Torr, correction data in the

af ore-shown Tablet are utilized to correct actually
nmeasured val ues of the 26 differential pressure type
flowreter in the event that a pressure P2 on the
secondary side of an orifice changed for any

différeptiabprassare typedibddheterin theoevant thaffa prefisufePeonithe
pressure type flowreter in use with 2000sccm (100%

setbhBhAYSide O AntsHiickBhanged T8Rany efcuibiapcednd a
pressure P2 on the downstream side of an orifice is

0B Ra T Eor SkafpRTH 4 el BRSsUE dype fphimet s gt
0 ' t
20 (g% HsgE 2PRBRLERartlehRedSiRASRI ang g ressure
PRt GPuRSeSBte Bb~h SEASIF ALARE: [ Sveat Bbihe Thasured
is, a control conputati onoci rcuits 5 OL a
valie (200scem) infludes ap eripsé % R\pretét- | Hhengiegmeasured value
showi ng the first enbodinment is equipped with a
of 2900seenda carrestadtootdolscenuby comectingifos H2%w r at e

val ue correction conputation circuit 5c. [00135]
[00634] vy FigureSeitlastrate®2 lnasic bonstitutisn péthe griedenbinvantion for
orifice is referred to a flowrate value Q conputed

witlizh tise Bfbranfdntivhédcormentivn niddnsdd eniplovedv t Thatte, a control
af orenentioned flow rate conputation circuit 5a, to

cothpafieh chél‘gts% 0Pk dift&ehtind ﬁr@zss@re%?ﬁ%hﬁn&%r i Pigurd e

correction data nenory circuit 5b, us elimnating
SN 4 R SRRl R o 58 MR e B ru
SRS VB e R b BBap By 2t v e, 0
(0RT551 uNeraRlues prRESLTR PaoBie doRGHroar sl ol Abuuiice s réferred
tolanf\lltfvctralat%n\}alue 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 Pz 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 5c.
[00136] Figure 6 illusirates 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

circuit 5 in Figure 5 when it is under non-critical conditions.
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Wth a differential pressure type floweter in Figure
5, it is so nade that a flow rate equation Q=KPl is
used for conputing a flowrate when it is under
critical conditions, and a flow rate conputation is
performed with a control conputation circuit 5 in
Figure 5 when it is under non-critical conditions. 27
[00137] Nanely, as shown in Figure 6, with a

[0018TEr dleimelly, a5 slsown dn Fiquee 6 Withreediffierential ipeegdure dype
enbodi nent, a pressure ratio conputation circuit 5d, a

fldwirnkteran th‘é)ﬂﬁr*dt &PBsdintisieng ?ireﬁdré ¢atio BEmpakition ditouit 5d, a
rate conputation circuit 5f for «critical conditions

cr@fcﬁ ﬂorﬁsojh & gﬁ%?ﬂ rcﬁ%uﬁ GEPHﬁ&*a' i Fété%rﬁFﬁ)Lﬁatléh Eirélut 8f for

ratio a pressure on the

crﬂﬁgf %ﬁsfﬁsdgreoéddgéeh oré fcbﬁf?ol @rﬁ;‘g&aﬂoge!rgalf 8'iff Fi PD&JrQSS First,

ream sl an orl erm ned

rati critical. ssure rati
)l L amscressiiR & ?%waﬁgea@a%%f)ﬁﬁwﬁpg Verslls 4
perforned with the equation KP% when it is under
prassured; on Hsrdensineam side,af puOrifie i estermneg 2Ndea pressure
[00138] When it is found to be under non-critical
rafiorfdi xarsha criticall pessunedatie (va@secompared. t Aads aflaw rate
rate equation &=C - P1/,1-T - ((P2/Pl)m-(P2/Pl )n)I'
camputatioris pedomped aﬂithdhem;luaﬁo@@é(l%mhenﬁtésl undenhcritical
flowrate correction conputation circuit 5c, a

caoreitiont, eslofdpRivthieatempatadevdlles out putted fromthe
output termnal 6. On the other hand, with the

[oefl QsF”Wﬁéﬁﬂ%* Cfl.h"roslb Béuha@ﬂﬁorﬁah@@bl%ﬁamongvsmIowm@.s

he ‘enpi ri cal ow rate equation is used, or the flow

#ﬁ%@eﬁgﬁﬁ*‘frf?n%@s%@ R g=ER R (B PP
NGB VA CF il L AR

bearahl e for_practical us Wyen f]ow ra
cqraputaling Girgyit E%a cpireriediave ralpve L&Pt 'Stq}‘tﬂﬂqtt%d E’PPUP& output
to less than 1 (%GP) even

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 difficuit 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

different flow rate ranges according to the first to third embodiments, and
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with a correction being perfornmed. [00139] Then, wth
the fourth enbodi nent of the present invention, it is
so constituted that, by conmbining 2 differential
pressure type flownreters having different flow rate
ranges according to the first to third enbodi nents,
and 28 switching the aforenentioned 2 differenti al
pressure type flowneters for operation, accurate flow
switthingrthes afosementioned @ diferentialpressinectype flowrhetersfare
flowrate range of 1 00(%-1 (% as a whole, with

opratios, adcuratesidvin eate Iméd&Ppmenitd habe become fd3ibi@bver the
Figure 7 is a whole block diagramof a differenti al

widleSfigw r&etrﬁﬁ% of"lom(%j-Q(%zféﬁQirﬁhB@ Wathtdifors @fNéss than 1(%SP)
enbodi nment eferring to Figure 7, 10 designates the

a||\{<p.1 vvrtchlng valve (NC type), 11 the No.2 sw tching
val ve type), a a gas inlet side, b a gas outlet

0P8, Féé%?-?\%e%% bRy iiefh, "‘?'dlffe)@f@w*?r&e%e
ﬂoc‘:v@rr”r% raqctsﬁi‘ﬁﬁfﬁc?iﬁé’% °'t g thrﬂnz‘a%”rﬂr yBeierarB"?g% .o

sma
teg h% 1 switghingyvaive,(ING dyre)s 3h gee 540 %@wriewgserﬂve (NC
is formed with the No. 1 orifice 1, the

typenaua gesdnet sideuba gasautietiaide,i K éhe Mol grlﬂccf {fer arpmal|
pressure type flow controller for a large flow

quardity)i, 1§/ the Ne.2 orifice (far 4 large rqataatitygn§dhe Nd. 0 @obtrol
000sccm is formed with the No.2 orifice V, the No.2

coraptatish icrBui] 4riii5t the' No 2nébritidi eompugdteirogicsuit)i ghl y
accurat e measurenents of a flow rate can be achieved

[OGY-@‘T] t 'F\Pan"i‘é@ea Hif@ﬁéﬁﬂ"éi%ré@élﬂ@ thpe HoWASTRSNILA fP @ 8mall flow

errors of Iess than 1 (%5P) by using

o AGY RS VRO G o
orqrceg{,amqe ?\Io.? co'r!nra'rjlputartD oaﬁr E:rrcurt 8 and the like, and a differential pressure
type flow controller for a large flow quantity side (i.e., a flow rate range of
100-1000scem) is formed with the No.2 orifice 17, 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 1000scem (100%) - 10scem (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. [t is to be noted that the No.1 and No.2 control computation

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

[00143] Referring to Figure 8, 12 designates a body, 13a and 13b seals, 14a a
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differential pressure type flowreter 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 like are omtted herewth.
[00143] Referring to Figure 8, 12 designates a body,
13a and 13b seals, 14a a 29 nounting bolt for an

absol ute type pressure detector 2 on the upstream side

moluntiag boitifor sr abidiuta typeupressgredddteclon2 amtrabepdtrdam side of
type pressure detector 3 on the downstream side of an

aRbiificé€.e1 4b15anamﬂin§55blﬂf'oarahrmmmq? préBsuré@ @etddiér 3 on the
and 11 b driving cylinders. [00144 ﬁéA]\ body 12 made o

f
dGWALIEShSidd SfénioﬁfiEg“@éjaﬁdg 1 %Brdﬁmr;é@tr? MhecRBARAN, | a

a gas inlet element 12a, a gas out ement 12b, t
d f 12c and the No.2 body el enent 12d.
af@&iﬁ?ﬁq@ﬁ‘sﬁgggﬁ%er sides of the block type No.1 body
I nt, 12 d . 2. _body elenment, 12d,. .there are made
oRAAT By 22 s Greeikss sEeT RuoRed byliarmnalicaly
valve 10 and the No.2 swi tching valve 11 respect&yelﬁ@
agsamblingd gas inlghelementidas 3 aassoutiet alement ¢ty the Narh pody
nmounti ng holes 18a and |8b for a pressure detector 2

elomeamd 2¢@nd tbehle2dwdyrelament 12dce and a pressure

detector 3 on the downstream side of an orifice
(00446 c tOw tHeyuppéiCsidés ofitheuiglbck typesNovinbody Elegnand 12c and No.2
anmounting hole for a gas tenperature detector 4 on

bod\eelepsdritei@a, tale & rﬁzﬁd@fﬂddrﬁiﬁﬁirﬁalémm@nam Hher e Mo.1
body el enment 12c. [00147] On the body el enents 12c,

S\%ig%iﬁ@ Jahviderd bk& thd BRI 2 s@fteniRBdalvd ﬁ ﬁelzs&)%i%ﬁfgg.esF&ﬁﬁermore,

~and 16e for communication~of a _ a, a
o ¢ il Beredtlfiels I8 DetG s it e Pepali ot for o
orBR4TN BB SFthd Ghotfodih $id4'bFal BHASS Bha'h Sashll 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 16c¢ for communication of the

undersides of a mounting hole 17b and a mounting hole 18b; and a fluid
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of an orifice and the underside of a nounting hole 17b

for the No.2 switching valve 11; a fluid passage 16f

for conmunication of the undersides of a nounting

hol e 17a and a nounting hole | 7b; a fluid passage 16c¢c

for comunication of the wundersides of a nounting

hole | 7b and a nounting hole 18b; and a fluid 30

passage 16d for conmuni cation of the underside of a
passatiel T8y fovlceniibnigation of tHeuunkdersidessf Hmdudiifig Flole 18b and a

Furthernore, on a fluid passage 16, there is nmade an
fledidutieepl fora small flow quantity, and on a fluid

passage 16a (or 16b), there is nade an orifice 1" for

. A o - o Fi :

{ogMQLQHriHé‘f\hﬁ%@rBd 5¥Iéﬂd’¥)5%é§é1 '{H FH i¥5bdé Bnfariide for a

ere are arrange

rﬁggil @ﬁd%gtﬁg% \ée ZSE@WPQ@Q&? h bé {é?‘ﬁdﬁfaég'han orifice
’ %2%/3%%% ﬂ%ﬁ@@f n v an %@%9@2%@3“ 1%3r'e§¢§§h§r§uére?o
open/cl ose with val ve nmechani sns a _an or th

amgnaed gifizes] R4 o thepcemigctieg taces;af both jody elements 12c

5{ openi ng and cl osing val ve seats, opening and

#8dng are performed between the passage 16e and
passage 16f and al so between the passage 16c¢ and

[0pd49h g d htkmalvée 884s0br tomnsurdcatioadef fluid passagess $6e ahdd6d
comuni cat es between anmounting hole 17b and a

fopeatdmihenderdides af thé BforémeRitiohéd hidntingfivilés nBatamd 17b
Figure 7 and Figure 8, first, in the event that a

ar‘éﬁﬂﬁHéQ@ opEhRYbd ﬁh'v%h)erh*léch i9fsf 1 ﬁ@HSbrféf‘% the

1 swtching valve 10 is nade to cl ose, Whl

W%@mg%%fr\{‘éhffd@na No'% s | rc]"li?ﬁlg tlf %ge ciﬁs@n %/alve

rom a gas
s é,'s%%*"?é%‘ﬁga%%@assa %6%9@%%%3% &beipa%%ge%e and
pgsg%réeqlféf%wd also between the passage 16¢ and passage 16b.
[001580] Itis 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
illustrated) to be outputted to appropriate points.

[00152] In the event that the flow quantity range for measurements is reduced

to be less than 10% of the rated flow rate, the No.1 switching valve 10 is made
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conputation is perfornmed with the No.2 control
conputation circuit 5" (not illustrated) to be
outputted to appropriate points. [00152] In the event
that the flow quantity range for neasurenents is
reduced to be less than 10% of the rated flow rate,
the No.1 switching valve 10 is made 31 open while the
No.2 switching valve 11 is made cl ose so that a gas
opf¢rowhiledihe No.2switching vaind ¢1 ismadeaigse so treat sagad flews aut
passage 16e, an orifice 1'for a small flow quantity,

frem§589atidoh thraughRIspasaled 6and pastags 268, dfdrifice 1’ for a
Meantine, a flow rate conputation is perfornmed with

srhB# D& %ugj-arﬁﬁ’y‘]tar (ssaBBMBi! ékh@@a&é 168 ahd% paééédr%e‘lt 6d,

out put't to appropriate points just same as |

f i ge.
MERRfm; AL G B Rin § pisted it MERE! 1 o890,
of the inpner. surface qf a,gas passage, diaphragm .
cqpyiatigh gt Snto Beodinunda b SppRpiare ol iRk Saffe 2s in the
and 3, a te eragéjre detector and the |like are
Ca5eLPl IReasYh tg for lroe dew At FANGher eof are
omtted herewith. [00154] Wth the fourth enbodi nent
[00A58he Materialssafenpody §2r @ treatmentprggessiag of the iner surface of
switching valve 10 and No.2 switching valve 11 are
a gad passadpe, diaphragm vhlva mecharlisros dda andtbb,apressurei detectors
so made that an operating fluid is supplied to

2 antl\3, agempdratiee defecter amdithellike afe publichhkmewivabtest O

and 11 respectively via independent control

eI SFAtiHERBBRIdI Grd dhYiftéd herswgier . ei ther one of the
No.1l switching valve 10 and No.2 swi tching val ve can

OB TES S 18 gt oty 1 KO Blorel el PG S Fioure
8o AP T8 S N BT Al to b vaves
of AOTBRGIORS bRe S AieRJNaas Joal Aoodérating T 5'Sibplied t
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,

and a control signal Sc can be made of one channel.
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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
switching valves 10 and 11 can be perforned with one
control electromagnetic valve M/, and a control

signal Sc can be nade of one channel. 32 [00156]

Figure 10 illustrates the first enbodi nent of a

[001E6Er dngurel 1pillasisaties thy first eébodivent oba differanttal ipieseure type
to the present invention. The aforenentioned

flsWicontranéd é’éco%iﬁ@f’(é e Pyéh%rﬁ irRibR!  ThEWoldmdntibined 1

i s equipped with a control valve 21 and a valve
difteheiti® P@s&r%ﬁ?ypgﬁ%rﬁeﬁ?@hb%n iﬁ%lgb'l.teai 'ié’@q&igﬁléfti' 'v@tg'sa control

I's equl ppe OW rate conparison Cir

. Lff . .
vl 2182 YRR et 2. 863 iR FEmRRRich bt 5%
fl.ow .rate conputed wi.th a flow rate gonputatio
equipties Mibea R 28t carnanisan Srauichs whetedtitfipw Brte iterence A
di fference AQ being inputted to a valve driving part
Qletween a setflovorateilgminputiod from ghe OHQQ%?%H&FOWPU’(EC’ flow
control valve 21 is operated so that the
rak¢ & eorsputeshwiih Bl fiaw ratecomputatiom ciscuitba és computad, tkusithe
a zero direction, thus the gas flow rate passing

sdit flowgiatedifferefce A Q being gnputtdd ol 4 edlvealnivingapar 22fasoay
rate . [00157] Figure 11 illustrates the second

catitn @igiaint  Withahid périsrimiirical adoptelvalve2inie dpepited so that the
controller. The aforenentioned differential pressure

afoYdifieh im&fﬂw\hgsié &gerérﬁe':m‘.’! i€ muved tSWé'th%r&Vidﬁ cflon, thus
val ve a 2, and a

contro 1 an val ve driving part

B oy AP ok SO RO o e

Eath conmparison circuit 5g, a flowrate difference AQ
3% “Sconput ed by using the corrected flow rate Q which
n error-corrected on A)he comput ed fl

has_beer _ mp ,wrat?Q
[OQi el + dguwrer V1dlustrates S seaendMbodirnent ofaydiffegential pressure
control valve 21 being controlled by opening/closing
typeflandcardralles Tthe aforemeniipred difiegential pressure type flow controlier
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 s
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 controller. It is so constituted that the afore-mention differential

pressure type flowmeter is equipped with a control valve 21 and a valve driving
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said flow rate difference AQ beconmes zero. [00159]
Figure 12 illustrates the third enbodi nent of a
differential pressure type flowcontroller. It is so
constituted that the afore-nention differenti al
pressure type flowneter is equipped with a control
valve 21 and a valve driving 33 part 22, and a control
conmputation circuit 5 is equipped with a flowrate
part 2Raand @ncanitrot compdation circuit B is equipped witht s flowmatey
circuit 5b and a correction conputation circuit 5c

cérhparnsowErslit 5§ WHiBla dvigition dathlAvmony ircliif 58 BAAGEcdRection

is conputed by using the conputed flowrate Q from

ccgrﬁguﬂ?ioﬁd? AW 5. rggigq,ggatl on circuit 5f when the gas

W 1S un er critic ondltlons and a flowrate

0010 S Wfabin 'ﬂ%l@%?@?*fﬁ?veﬁ% 'ﬁ%u?@?‘f‘%ﬁ% 'SF? Eﬁﬁw
%“"ﬁnmeﬁqrgr%sféfm@eﬁﬁﬂ R daior AReCstRén e gas

toward the direction where the sai | ow rat
flow s Bpdereritical serdjtiers. Anda ﬂPWCTf@ﬁa' Erefifs ﬁl& is computed by
illustrates the fourth enbodi nent of a differential
uging $he cempuygkflow gatecQrfroroithe No. 1 flowsrate cempitation eitpuit S5a
that the aforenentioned differential pressure type
whénthe gas flow iBinpu-eritial sordjtiopped thatt 4 cantealnialve 2¢ds ve
21 and a valve driving part 22, and a control

coftralieddly epersingidsingtdvwardahe m@m Where thegaidrfitverate
conparison circuit 5g. [00162] Nanely, a flow rate

dlfl‘bférﬁfeem t?eoo@iéss%é‘fB”pUt ed by using the conputed
low rate Qfromthe No.2 flow rate conputation

COARS, e AR R 4 MR
usi n

B8 A GOREIRE; - i o6 8ot ieh M SRraeblifien diferenti!
pl{e%tgﬁr yggwgteﬁ' lll‘? ngu?é is e%%paetdl with %I con roﬁ vgl%esqu 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 5¢ corrected to the
computed flow rate Q from the flow rate computation circuit 5a so that a control
valve 21 is controiled by opening/closing toward the direction where the said flow
rate difference AQ becomes zero.

Feasibility of Industrial Use

[00163] The present invention is widely usable mainly for semiconductor
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valve 21 is controlled by opening/closing toward the
direction where the said flow rate difference nsQ
beconmes zero. Feasibility of Industrial Use [00163]
The present invention is wdely usable mainly for
sem conductor 34 manufacturing facilities, at chem ca
pl ants, food-product processing plants and the |ike.
It is also widely usable in the fields where fluids
mancfecsring facdlitiels| guchismicahplants; food-preduct geadassing plants and
35 CLAIMS 1 A differential pressure type flowreter
theoiikey, itss agscawidely Osalsle im thitefields avhdre fluity swdh as ghsesl liquids
pressure Pi on the upstream side of an orifice, a
af@ueshies afeddesletpt 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 conputation circuit to conpute a
fluid's flow rate 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 =G Pi/.1T ((P2/P1)m-(P2/P1)")1/2
(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 Pl on the upstreamside 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 side of an
orifice, and a control conputation circuit to conpute
afluid s flowrate Q passing
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through an orifice with the pressure P1 and pressure
P2 and tenperature T detected by the aforenentioned
detectors, wherein the aforenmenti oned contr ol
conmputation circuit is installed with a flowrate
conmputation circuit wherewith an equation @=C1 P1/,TT
((P2/P1)" -(P2/P1)")112 (where Cl is a proportional
constant, and mand n are constant), and further
conprising a correc@OlddM$Eat a nenory circuit wherein
changes in the pressure P2 on the downstream si de of
an orifice 36 obtained by actual neasurenents

bef orehand and flow rate errors of the aforenmentioned

171 ui & dfifférePYial pre8siedtyBe HoWnmeter comipfisthg ér‘i’an &é,9a detector to

correction conputation circuit to correct the

af or gagiy b‘i‘gﬁdj g@@@ﬁ ?ﬂgf’n'th‘é @g?.%r&él%"%d% 3k Sn‘ﬁrﬁu@et B%etector to

correction corr I on

cor ?@%{9&53@&R’é‘%%a‘;eﬁ%hiﬁsfg'swﬁtés%? B85 S, Btector
cor r B880 Tl teRetouiaondhe ibsirean P arigriics, and a
pressure type floweter as clained in Claim2 wherein

sai deortmliGompuiation ciseuible eampute a fluidhlow raippassing through
pressure ratio conputation circuit to conpute a ratio

of aan lonifidge withstherpres$urerPt, he upstream side of an

orifice and a fluid pressure P2 on the downstream side

of awhereif iptessure Rerand teaipetatuie i are datectedity thier cui t

to judge a state of a fluid by conparing the

af or grREmeAficled BBRIGGE, AhE B bR rédchiionad fldidd AbW rate Q is
critical pressure ratio; and a No.2 flow rate

conpeérﬂgufé@ With %H'éqdaﬂ&%gﬂm R/ - UL, it QW P£/P‘i)ﬂ)‘@(where

by usin equat 1 on (where K IS a’proporti‘ona

ConsEr g plioh At b AR sl e,

conp‘gtc@?‘?rsﬂ :%\I qrg§§|freqypg‘ﬁ8£vn9e or co'\rl%p%s{ng an on% ce, 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 fiuid 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)")"2 (where C1is a proportional constant, and m and n

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

wherein changes in the pressure Pz on the downstream side of an orifice
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when the fluid is under critical conditions, and al so
outputting a fluid's flow rate value Q corrected
with the flowrate correction conputation circuit
when the fluid is under non-critical conditions. 4. A
differential pressure type flowreter characterized in
that flow rate neasurenents can be perforned wth

hi gh accuracy over a wide flow rate range by

conbbbiairnedbyatfial addsarerneasshafordnapd dnidiivRirate éredrs of the
measuring a flow rate range of 100% 10% of the

maxi gissieAtohéd Auld sy 18@ @ até s@éﬁab@ %ﬂH'aaroWrrSﬁeSéBr?ectlon
type fl owreter for measuring a flow rate range of

10% &%r/fﬁﬂfatito iRt Bt AbForhBRESHE toRButed flyid's flow

swtc nmeasurea 1 n accor

var VB8 “ﬂﬁfﬁeﬁ%bﬁ%ﬁ%ﬂshﬁ% ol e tPlrate Fagohy SHl, thus
5. e darabliee, s FguSale Bindientarbebachandinap Shanges of

in CIa|m4 V\hereln each said differential pressure

t yped Presiuse &2 abinerdayasteeasm sidecef anofiigs; de @utpw a corrected
detect a fluid pressure Pi on the upstream side of an

ori fflew rate lte@&.or to detect a fluid pressure P2 on

t he downstream side of an orifice, a detector to

3det eAudifferehtialcpressgrertape flowhwatet he claghsieddalsing2 wherain said
orifice, and a control conmputation circuit to conpute

a fleoritrdl cohfPutaifdreciRouitRirther bBﬁlpﬂBé@%j#é@Slﬁb .ratio computation
pressure P2, and tenperature T detecte

af O_rﬁfﬂ?ﬁtt b%‘?plﬂ@taefaftigrﬁf a fiinel &rgﬁstﬂ'ﬁcﬁ ec{fﬁ?\g tﬂi’ﬁl‘éam side of an

fluid s flow rate nputed wth the

o b ARG ol
O o srtFafFebBlioR LB S o R 2 Siate r e BV Gppparing
f O\Athn%ta%re%)gﬁtllr(:ltnse%scoargpgtgcifﬁrggsur% rgtelct) %gdoa 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, 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.
4. 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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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 side of

an orifice, and a control conputation circuit to
conpute a fluid's flowrate by using the pressure Pi,
pressure P2, and tenperature T detected by the

af or differantizh pestere tHiper flowmetertfoemaasuang at flow eate range of
control conputation circuit is equipped with a flow

r at e10%APW eltthemaxiftish flowhaterdrige and by lswnt@hﬁ@ 4 flgid to be
rate Qis conputed with the equation @C - P1,FT -

( ( P2iridaslited h%&héﬂ&é@@h (H@Sfd?eﬂan‘hénéd ﬂbﬂ%ﬁé F4Hds using

constant, and mand n are constants), d further

chang S ﬁ%%?ﬁ%@ﬁﬁwbﬁﬁ%%@?%@ﬁm HBshe fipe

and SRt ARBRRd CEs s cnont inESf i ds
ZL%Vﬁbi‘%qrsﬁ%@?nrééé’ér%?thg%88@%& oF AS CP 6 (A7 IBh evherein sach

computed fluid' s flow rate Qwith the correction data

f r onsai diffeseptiakpresswattypediapimeter eempiises amqrifice, a detector to
conputed fluid's flowrate Q being corrected dependi ng

on cthetegta fluisf prespuresBuor i upstredra sikbevaban esifics, aldetsfctor to
an orifice to output a corrected flowrate Q. 7. A

di f f dateot a fuidopressurecP: ym thd Hownetreamaside af harorified, &etector
that it is so constituted that by forming it wth a

val vip deteut éﬂui@lft@iﬂﬁ@é‘tw@ Torpthe Whdlredn sRie & an?lcafn+ ¢8,@nd a

outlet b, a nounting hole 17a for the No. 1 sw tching

val Vesntddd coﬁrﬁ;ﬂgén’tﬁdng dgﬂgecoﬁﬁ’ut%oé ﬂﬁlB%lﬂl%?até ylﬁ"’\& the

val ve 11, or a sur e

s Xg) p&%%ﬁ#%?* rgﬁlﬁsfhgé@i%@afg%i%@% 8 o

t h t .
€ éjfg\pgng’le{xt?c?nrgds detectors, and the aforementioned fluid's flow rate Q is

computed with the equation Q=C1+ P4/ 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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of an orifice, a nmounting hole for a fluid tenperature
detector 4 on the wupstreamside of an orifice, fluid
passages 1l6a, 16b and 16e for directly passing

through a fluid inlet, the undersides of a nounting

hole 17a for the No.1l switching valve 10, a nounting
hole 18a for a fluid pressure detector 2 on the
upstream side of an orifice and a nmounting hole 17b

for floweatdoQds soimpuitédhwithahe equatiohi@+Car el e ((F/PHB —
interior of the aforenentioned valve body 12, a fluid

passgrRP OB 4 (whee® OTiNA propetionsl Gshstigt, HAd @ ande afe a

nmounting hole 17a for the No.1 switching valve and the

und eéérhéiﬁnt@j,l FhdRivMek &?nib?i'ghglg Rofrattiér8at¥omémory circuit

swi tching valve 11, a fl ui passage 16c¢ for

co | [ [ ' :

For MRere cBndos bFF pHeSS S ety eodhiin e s G & Brfce
nount | le 1 faor the flui ressure, detector 3

on- t PREARE pEliR) uiedsultRants o RHhaLAre g §itedmors of the
passagel 6d f or nmunj cation_of the underside of a )
PounairgRBlighed fHARICH raSin s starabigoand polovs e tomection
downstream side of an orifice and a fluid outlet b, a

f | ui eerppPutationcirguit de correct the afpeernprtignasheanpetedrfivigs flow
orifice and a fluid pressure detector 3 fixed to the

af or eate &} withdbe gorection dateofrem theaoaregtiogidata memory circuit,
respectively, a fluid tenperature detector 4 on the

upst theasroosnplged fluals flowfrateQ hding Norretterivdidéparidigg valchanges
10 wherewith opening and cl osing are conduct ed

bet wefed prduaupé P2 BARAE dedRdtreb SideRFTAEFiIcERS cliut a
fluid passage 16f, the No.2 switching valve 11

wher g\ j ad cl osing are conducted between
the a %@%ﬁ@ﬁw r%geeg;ﬂfl ui d passage 16b and fluid

7P ARl Sl e e e B PR e

10T, asiutiited st by fonming it withs vaiv bodly 3 provided with a fiuid
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 vaive 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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af orenenti oned fluid passage 16a or fluid passage 16b,

and a control conputation circuit to conpute a

fluid' s flow rate Q passing through an orifice VWor a
small flow quantity and an orifice 1 " for a |arge

flow quantity depending on the pressure P1, pressure

P2 and tenperature T detected by the aforenentioned
pressure detectors 2 and 3 and tenperature detector

4, rtepandersigleyof ogousting holee1 2a)fortthe INdOF Elitchifig/ vialve and the
((P2/Pl)ym (P2/P1 )n)ll 2, thus making it possible

t hat uadédsie 6P4 ﬂjlddhtiﬁﬁ'fﬂélq?f)'f@ﬂ\th%hﬁﬂtﬁ dwitcting eale 1'1S a fluid
nmeasured by closing the aforenentioned No. 1 sw tching

val vBaddhgeP 6t f?i?%hﬂﬁuﬁi%aﬁoﬁ%ﬂl@bﬁ@er‘éﬂevﬁ alhodf‘(ﬂb&yﬁ\o"i’e 17b

flowrate in a smll quantity range i's nmeasured

OPenighin R, 2 LAREAREAEH Mid the HbrGAL Br ¥2hé{§ntm]g°ho|e18b

and 03|ng I'ng valve

Bl GBSO T SPGB q"r?e&am{nce a

ei t her, .one of 1 switching,valve 10 . or
SWi t wfirpgl%g%i&ﬁ)n@mmaelcﬁaowf he yndensidg ‘éfs% mq;wng hole

val ve_and the other a normal/open type val ve, and

oper 18b fay the pressuse defastordion therdovmstream side of an orifice and a
el ectromagnetic valve M/ to driving cylinders 1 Ca and

| Obfluifl oullet h, aflidcpriesguneadietestor 2 omithii fistremmh iside of an orifice
pressure type flowneter as clained in Gaim?7 wherein

it iand adluithgressiad detdctenvd firddtd thedsforsménRtidridt) mbdidting
of the maximumflow rate is neasured by closing the

No. Holé%Bﬁ%ﬂ%MW?é’@e%@v@lvda ﬂﬂﬁf‘ﬂeﬂ%érﬁﬁlré"?je?ector 4 on the

switching valve 11, while & flow rate up to 10% 1 %o

(e BRI o 0 A 0l

\égl o p%}ﬁ%% %ﬂﬁ c@;sgﬁénfa?é g&ﬁ@?lgfa&bg%ﬁgéﬁ tI%ey g%reme\rlmgneé 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 passage 16a or fiuid passage 16b, and a control
computation circuit to compute a fluid’s fiow 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 P4, 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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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

of an orifice, are made sharable with both

differential pressure type flowreters. 11. A

di f f eange isahegasursd yeclosipg thé aforementiohéd Nocb spitckinggalve 10
a control valve part equipped with a valve driving

par t andmpenirig Ne.2 switchihgdalve 11hevhilevanfidweate ihla smadt quantity
thereof, a detector to detect a fluid pressure Pi on

the piigd iBaALasEied B opshing thd SRremefRbSEd No.1 switehingtvalve
a fluid pressure P2, on the downstream side of an

Or | 16 SndIShE O N £ SARESR vaiNd i d_temperature Ton

the upstreams an oritrce, and a control

conmpyt aki Ci ' j ' £ | r .

8 onpr i Shft AEEb b BRnatt bl chitnefilpIApfy 4 s Craim 7
passi .through an . orifice i.s conputed Si the
o e culipin 18 5B actpfiiod Wik ciel RRBICL e B! SultEhipddaive 10
by the aforepenti oned detectors, and the difference
bet weENOZ eWiiphing yatveoll isdnadeta ke anawralglose typevalye and
is conputed, the aforenentioned fluid's flowrate Q
i s cthepethedanprmaliopen tyne valverandeparetingAiuid js\supplied from
-(P2/P1)")112 (where C1 is a proportional constant,
and omecdntrobelectomagnetic yalvé Mv fo drivihgroytihderds 10a and 10b of
pressure type flow controller conprising a control

val vBothedwite valved. with a valve driving part, an
orifice installed on the downstream side thereof, a

gdet eNdi’f'ferbﬁtié’Ieﬁr?.ﬁéun% tgb% EwPh&eF HE %ﬁheﬁ Nn'C18inY PSAR&RI it is

side of an orifice, etector to tect a pressure

P2 og, WD S ERPYRS o 1808 Dot B ARARIFRR fow rete

to de nper atur e _ streamsrde o
Or i {10 S @i CHBLIRG & NEPH SR aivs 1 b P bRRSSG 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.  Adifferential pressure type flowmeter as claimed in Claim 7 or Claim 8
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.

11.  Adifferential 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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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 between a conputed fl ow
rate Qand a set flowrate @ is conputed, and the

af orenenti oned control conputation circuit is

equi pped with a flow rate conmputation circuit

wher eigiettheeedf] aidetectdrt tovdetactea Quidspressyunet Roorbthe bpstream side
equation @=C1 PTT ((P2/Pt)01 -(P2/P1)")112 (where Cl

I s aopappeifité oadbtettirtbaidtectanfluid fredsure42, o the downstream
constants), and further conprising a correction data

MENMDEeCdfTe biifice/Beddtbitos hrBEREt Affluid forRh&@tiresT bR tRE
the downstream side of an orifice obtalned by actua

neas H%ﬁ?@éﬁ%u?{)%ﬁ gﬁ@g?,aé}gj 5'08Wtrgﬁé§mﬁ[|{a‘ﬁ6ﬁ cult ge%uipped

af orenent1 one | ow rate ar e’ st orabl e,

flo te rrecti . C tion ci.kcuUint. to,correc .
the Wi EnoR rpE A Barshl BH B witrellith 3 fhid SR i ypassing
the gorrection. data fromt correcti on dat g nenor

L fPUS BRGEats comPited By Uemodne RIBssHloRn PERSe P2
dependi ng on the changes of a ressure P2 on the

down30d éfrperatarecf dstegmd by tae afpremendioped detedtars; apd the

rate value Q being inputted to the aforenentioned flow
r at ediffergnod betweeni a computeas flowpatecQtand alsef Bowmate Q6 is
the flowrates AQ= -Q . 13. A differential pressure

t y pecdmputedh tive afdremeationéeifloiels flow Chte i 2omipented by the
the control conputation circuit further conprises a

Pr esegiligticrAQEC 1 RRTIUY @)™ CH(PHPY 602 Ganaate: ik BSroportional

ratio of a fluid pressure PI on the "upstream side o

an Ogddtst, 3R it shii rePGsiRRE). P2 on the downst r eam

side of an orifice, a critical Conditions judgnent

18} LR ol R O e B kB SRR e o
ggh;%f@%pga%@ ;J{L \E?I&g:clgﬁfingaggrt,aanl\lgﬁﬁcé {nos\{\él{e%tgn the downstream

side thereof, a detector to detect a fluid pressure P1on the upstream side
of an orifice, a detector to detect a pressure Pz 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 Pz 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 equationQ=C1-PJ/ T -

((P2/P1Y™ —(P2/P1)")"2 (where C1is a proportional constant, and m and n
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conpute a fluid's flowrate Q by using the equation
=KP1 (where Kis a proportional constant) when the
fluid is under critical conditions, a fluid's flow
rate Q conputed by the aforenmentioned No.2 fluid
conmputation circuit when the fluid is under critical
conditions and a fluid's flowrate Q corrected from
the flow rate correction conmputation circuit when the
fluid is under non-critical conditions are inputted

Lgfrg(a%'laeit (?’@ns‘(%ﬁtg)d '&Fx?_fuﬁé@lr E5MRBHSAG &FedrtéMohdidta memory circuit
wherein changes of the pressure Pz on the downstream side of an orifice
obtained by actual measurements beforehand and flow rate etrors 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 circui,
thus a fluid'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=Qs—Q'".

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 fiuid

is under non-critical conditions are inputted respectively to the

aforementioned flow rate computation circuit.
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