-, €8eTL8: 6pIxU Apparatus for the correction of terrperature drift for a

,yressure sensor, a pressure control apparatus, and a pre fl ow
_rate control apparatus Field of the invention The pres lﬁ ﬂ

relates to a pressure sensor, a pressure i:ontrol appar at us

pressure-type flow rate control apparatus for use mainly in %@ﬁconductor
manufacturing facilities, chemcal plants, etc. Mre particularly, the
present i nvapparatuscionthe mraﬁm(ﬁttmpﬂ}ltﬂmdldftrfoeapi‘csguteestpmraalptrasdréft -
for use in a B ssuretsen ﬁ B8 surﬁ cont r ol Egarat? and a

pressur e- tyc;?é' BRPPLAHES, Apf A RYESSINRAYRSG Hlaw ratgcoptyo AW v detects the
pressure of a fluid by automatically negatl ng or correctl ng a terrperature
drift, thus controllln&wthe pressur at e of

out put of B¥skgEepdotdednyention maasurl ng the pﬂlﬂ’ﬁwmmmmmm&e fI UI d dr| fts
as a result of a tenperature change. 15 Descrip rior art In

sem conduct or manufacturing facilities, chem cal pldmss, etc., a plurality
of gases asFinhhﬁT"thallmveatlencommnl y suppl ied at specific flowrates, and are

reacted in are i on vessel roduce an object or target gas. In this
process, if theaﬁ%@Fﬁe&F m@fﬁ%té%l ISR f PEIHHE F%‘é}fo%\écﬂﬁ‘r‘sé‘tlfélcfintf fPRaafhs and

chem cal repghiQfe- f}{p@ R UAMS (Pbgraﬁﬁ%f hseGRANKGHR 'démfc@ﬁ&fc%& rH%u%c‘tl‘fﬁ

gases remsu n unreacted in the produced object gas. Especla ere the

mat eri al gafaeﬂbtlas, shéthigaiplbite, cte. More paslcaladan@erprqsﬁntga‘senmp Icomemsappanatusr der

for t materia rea necessary

to conlror BEbdrestaRpae o aludsbi ¢ ety RL ot R R kg shalal PRFERO « o,

the flow rainds Mmtssgasepe Rowaakadntrelaipphi@tusedvhith actgbattlp@etes® thé plebire?8f a

foll owi ng arrangenents: an orifice is nounted in arﬁfgﬂgﬂa theoretlcal fl ow
i ]

rate for mulfuif &y setomaticallt regatipgar ¢otercting @ tempesaieig senipotisg Bice t he
flowrate 86 F%mu fa@@o#ﬁﬁlﬁuxgﬁ'eré?r} ﬁ?ﬁqt ¥8§res§tﬂg€%{ﬂ8}% {o'r%a&ﬁ %ftﬁé the

gas passin e orificeg1s ca sing oW ra or nul a.
In the flowreste dfahenﬂln:d drifstas hassulteda terapetatord dengo, the fluid is assuned
to be nco ressi bl e, l?nd the flowrate Q¢ is expressed as: 30 ¢ = KP21/2
(Pi _1p2)1/ ewpgnpf ¢ BripRarty essure on an upstream side of the orifice,

P2 is the press %%e&ﬁbo%ﬂu&@%ﬁﬁdfﬁ&ﬁi‘lﬁg figil ks, tch@mﬁ:ral plakis, et@naipiﬁnﬂﬁy 8f gases
proportional constant which depends on the fluid tenperature.
as materials are commonly supplied at specific flow rates, and are reacted in a reactlon
vessel to produce an object or target gas. In this process, if the material gases are not
supplied accurately, then the chemical reaction proceeds unevenly, and it can occur that
20 material gases remain unreacted in the produced object gas. Especially, where the material
gases are flammable, there is a danger of gas explosions. In order for the material gases to
react in a well-balanced manner, it is necessary to control accurately the flow rates of the
gases to be supplied.
Hitherto, the flow rates of gases have been controlled through the use of the
25 following arrangements: an orifice is mounted in a pipe, a theoretical flow rate formula is
selected that can indicate as accurately as possible the flow rate of a gas passing through
said orifice, and the flow rate of the gas passing through the orifice is calculated using the
flow rate formula. In the flow rate formula that has been used hitherto, the fluid is assumed
to be incompressible, and the flow rate Qc is expressed as:
30 Qc =KP,"? (P, — P,)”?
where P; is the pressure on an upstream side of the orifice,

P, is the pressure on an downstream side of the orifice, and

K is a proportional constant which depends on the fluid temperature.



in‘the flowrate fornmula, the flowrate is calculated fromtwo pressure
, paraneters P 1 and P2. However, since the actual gas flow conprises a
~conpressible fluid, the above theoretical flowrate forrmula is not very
precise. On the other hand, if the ratio P2/ P1 of above-nentioned pressures
is reduced below a critical value of about 0.5, then the flow velocity of
the gas passing through the orifice reaches sonic velocity, and it is known

that under sonic Wehedomratedpuniladhe floyHatetinealewated Sony ByoRrpssuesparapetRiFH | t
A bt | Ot et i )
i s known thp BO%cA, Ghid i AbmBGAd bl A §€)(;di],§rfegs‘r?]@e {llfugﬁtjﬂsel ayyLate

sinply depends orly on the upstream e pressure
accur at el y thheretiedl dlogf rage fodmulanmpnetseinbprecikt. Drithp agder hend, hff thei gatiot héP afi f i ce.

For approximate flow rate control. of . an i nconpr.essi ble fluyjd, therefore,
the ¢ hoor ot FRaE mergPEpEs e aredced 5oy FSRBA ey gbow 8. e B dap
criticsl COVQ%(}_i't}Pd}sthé B%s faséing thitowBhaHE officd readie8 s@rf]_@%l%&i'tﬁ%#uli it 19 Rh &R ﬁ}ag-g

formul a: Q=KPH"is predom nantly usedofor controlling the Owrate o

fluid. Werendsr sérde velbcithemditfdnsythe teeretioalfatradaiis used, the neasurenent of
the fluid pressurﬁgigﬁk and/or P2, is a prerequisite. That is, in the case
of former, the simtltaneous nmeasurenent of P 1 and P2 is 20 necessary, and

in the latter casei$h®withatdsasmnis @ftichh@®ndivhs 8RMasTd, P TSt fmpiys
required. In order to neasure fluid pressure, is necessary to install a

, it
pressure sefpspds eply pe thy ypsireanysisle presswrg Fe. and yédds agsrraigly the Be¥es very

sensi tjpve t L Wied s r e sensor tenperature i medi ately
becom%ts) equgcfntlé}gssﬁlﬂghgf&ﬁagéﬂn%g?%tggggﬁiwI n ot her 25 words, equilibrium
bet ween t he fl ui Bort apppedimbterflwirabncbntiobof @npesmprasseble flutd) ¢hesefopthei s

i mredi at el y _est gbl ifﬁ)hed. !n order to neasure the fluid pressure accurately,
it is necesdsPyrled) flouifteiorRElasi ze of the pressure sensor to such an extent
that the flow of gbhegpli@ipl Jsyéndi sturbed. Accordingly, it wll be
appreciated that equilibriumis reached very quickly. On the other hand,

t he gaseous fl ui i usedWmnigr etiticadi gdndithans (PpeP i <caboun.b b ithetiesrsticd dlova@ite he
quidlrows as {ar as possible at a constant tenperature. However, it is
known lshat g\%lluaa period of many hours, the tenperature of a flow of gas
fluctuates consi @eralPy. Furthernore, when a gas fluid is replaced by

anot her gas, it can happen that an high tenperature_gas, flows for a _certain
period of tine, Wﬂr%qmlaamBWSF@ﬁ%Pa&rng@g &efﬁqw-% of gftuid. Where cither of these

flow rate formulae is used, the measurement of the fluid pressures, Py and/or P,, is a
prerequisite. That is, in the case of former, the simultaneous measurement of P; and P, is

20 necessary, and in the latter case the measurement of the upstream side pressure P is
required.

In order to measure fluid pressure, it is necessary to install a pressure sensor in the
fluid. The pressure sensor therefore becomes very sensitive to the fluid temperature, and
the sensor temperature immediately becomes equal to the fluid temperature T. In other

25 words, equilibrium between the fluid temperature T and the temperature of the sensor is
immediately established. In order to measure the fluid pressure accurately, it is necessary
to reduce the size of the pressure sensor to such an extent that the flow of the fluid is
undisturbed. Accordingly, it will be appreciated that equilibrium is reached very quickly.

On the other hand, the gaseous fluid flowing through the pipe is controlled so that

30 the fluid flows as far as possible at a constant temperature. However, it is known that over
a period of many hours, the temperature of a flow of gas fluctuates considerably.
Furthermore, when a gas fluid is replaced by another gas, it can happen that an high

temperature gas flows for a certain period of time, whilst a low temperature gas flows for
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-anot her period of tinme. Accordingly, if a fluid of fluctuating tenperature
is measured using the sane pressure sensor, then the tenperature drift
~characteristics of the pressure sensor output present a problem such that
the detected pressure of the fluid needs fo be corrected. Prior art
pressure sensors invariably display a ten%erature drift, irrespective of
the met hod of pressure detection. "Tenperature drift" means that when the
anbi ent t engnether mreoch@fmn@l Awerqon&isgﬁaéluybﬁvfsfbtct@ﬁag tpamperathes io megsiredfisinge

butput ar i rhE Sipf BRARES sotOF InehaRe bR E B Parableghfes st dlrbiite delih
have a bui | utput présened piobleen QRATIEN SR demte;zil pressute, of ke flgid @l@edetb ®e cofredtb®

tenperature drift is 0.05% C, for exanple, then an output drift of 4% wll
10 occur when t IQT&%F%?PW%HE‘H&H%@&W dispay atempergiare ﬁrﬁ%slgramsc@%@@hg are

avai | agl e | BeiBlloPhsdlind LA, YR SeralR\f tfiShodhs Hidi Anfdn FGMLEAT Sxanpl e:

A strain gauge converts pressure | a voltage suc pressure
pl otted on tampaiasoe aﬂmndxliespreskshm senstir chiregeaxhs owtputr shopdssutosensdquliinges

voltage. O course, if the | ute ssure i.s.zero, then the output

Vol tage. wi 1 BBl breirics B doudTuBER it CiRERTSlaed £ el Benpure.
absol ute pressurgomé PRsQHE Péhrsofé@lla{'@ﬁ3u1Y’t1-lhlterﬁﬁ>e?§tureT&%lp%ﬁ§h‘if%h c%ﬁﬂ?”&ut EfGor ded
when zero pressure iS applied to the pressure sensor s cal

" zer o- poi nt haveitiHthe’ temrr¢retureedtpftet%ﬂ U¥'6/°8 forexarhplehiden en outpui dr!ft oﬁ%%u&'lll whi ch

is th fluctuatl zer 0-,.noi nt rring in accordance with
terrpe?gt ure c@HﬁWﬁ%n h\e te%%‘fff‘%‘aﬂ ?}ﬁmges fr?lgtzeg gﬂessur e drift". On the other
hand, the tenperPietuge Stnsdrs aftf avialisble ﬁﬂmfougﬁlfmﬂérﬂwpe@mmtﬁd avhigin gatgstour e
IS applled is called the "span output drift". In order to obtain an
accurate seN@BIDIG A BAIN EpYLe CONKATSIRLHIIP ipl9 avgliage SLfCBrthfﬁleHl BIEsSYIRIptied on

out put driff, e?dgglhﬁxoeﬂps Y Bdinaf dxid co cﬁ'ld§ &?(éﬂtf)ﬁ h%ﬂsh CIRHEE, iF BidtabkdGte

pressure sensor has nd zero- poi nt out dri I'ts Zzero-pol nt
vol tage i s fre§suje 1sAbmot}&ashnmtplhtatolmgaemlt lb*ﬂezeacmsaotlultieemee@uhz& with athe 25

f|UIdISl (x 102 kPaA), i t.he output voltage is 20 nV. Wen
the flldid t'é‘ﬁi?é?ea‘flt?rbédl'}tﬁaﬂﬁﬁé‘éreuﬁﬂQPtpﬂr}L%%l@gEB‘H@F‘ls?ons t he out put vol t age

natural |y devi at g%efkéRBt s@tpiMecdiibBwhetisdry phdsite i p{phsd ﬁ»btﬁyﬁregﬁﬁ& kaRefisspan
output drift. In practice, since some zero-point ou is always present,

t he span outabled thrizero- mmmgtplet’r’ bThertampelptué%ényﬁ ef thy zat%mlat@dptﬁywtlw is the
zer o- poi nt yol.t OAsds at e
control app ?%W%gmtlﬁ C EONETS! gut & C%Q% gé%%?cr??d ?g‘ﬁtﬁh élé{'gtr%f %h%\é}’g% K

measuring agllépsiie ‘erro- pmdepragsaﬁesdﬂm’ Pn-thebthar hmwn&lbrtaﬁparsﬂuﬁkedrm esmursensBz
tenperature fluctuation characteristjcs, call eg zero-paQi.nt output drift
and t BB spafitBkqRserved Mhen Rressyre s apgkes issatledt su%r&l}touwt fiifje lgrordgséo

Preéssure  ,ptain an accurate sensor output, it is necessary to adjust for both zero-point output drift
and span output drift.
More specifically, assume that the pressure sensor has no zero-point output drift,
and that its zero-point voltage is 0 (V). Also assume that when the absolute pressure of the
25 fluid is 1.0 (x 10> kPaA), i.e. 1 atm, the output voltage is 20 mV. When the fluid
temperature changes under these conditions, the output voltage naturally deviates from 20
mV. This fluctuation is the above-mentioned span output drift. In practice, since some
zero-point output is always present, the span output drift at any arbitrary pressure is
displaced by the zero-point voltage.
30 As described above, in a pressure-type flow rate control apparatus that controls a
fluid passing through an orifice by measuring an upstream side pressure P; or a
downstream side pressure P,, temperature fluctuation characteristics called the zero-point

output drift and the span output drift are included in the output voltage of the pressure



4 sensor. If the output voltage is converted directly into a voltage,

. therefore, the pressures P,, P2 will contain errors. If the flowrate is
~calculated in accordance with the aforesaid flow rate fornula, then those
errors will be introduced into the calculgted flowrate, Q. This is the
probl em of tenperature drift in pressure-type flow rate control apparatus.
5 The zero point_and span tenperature drift characteristics of a pressure

sensor ar e ¥PFqreHdhs ouBUtOItAERIS canYarisd directiy imtasy v ltagerberetore, the pressnses Riabl e
to obtain : S i Lk ing the
t enper at ur ?mzd‘?@?%%%yﬂgé)%‘g y%t%\%cr?ﬁh gdxécgll(l:l cqjl g?%flgrl%%;}a ﬂ} @E fago(?éasﬁﬁ%%(}wgct of
t he appar atmas foanulapther dtose grrom il batintraluded into the calculatediflogy tate, tQve Thisds ent

invention to nmeasure.accurately. the pressure.of a fluid by automatically
correcti ng,t?l? ﬁF‘gﬁfdﬁ of tempsratie d%‘iﬁr‘B_lHr%)ss‘HF'tX%@‘?%Fat%B‘P‘itflélaggar?ti% zer o- poi nt
out putsdrift andiid 76 psinPMddHan WrhfdratBfe BifPERSRW RSN PreSatSREsdDhre
tenperature fluctuations. It i's another object of the present invention to
provi de a pliffsrcnt as bedweerodiffarsphiprasayse senspra Ipisalesivabie toygivain hpwceusate sersat r ol
apparatus usi.n uch .a. pre [ NSOl C rol. pressure and fl ow
rate accur a?uéPl?/‘ b%ﬁ%‘gralrn C rﬁ%gofH@gozr?éer%é{l%%ﬁ%ﬁ%%ged?t%c[&)réfrt‘i ft and/or span

out put dri fSuinarP ©fTiRsEivestigensor . The invention of claim 1l relates to an
apparatus for correcting pressure sensor tenperature drift for use in a

pressure sensor ferorgipguliihgn ehiectof tieapparabs for qorigetng wrpgrasyp dritl us
conpr i gi ng g 3 . ri fluid, a
20 Tetdr y rish LY bR AR IRRRioRlo HRASH AL BRRRIERFR DuBLS, e and
a pressure aromaticatlyicprrectohg) fhrqughraccoatrbbsipaitat comra softvaeotheezeta-pajntreans
whi ch cal cul at es aﬁzﬁr@?ssure sensor o‘{.}a:&ut drift armugﬁP fromdata in the
menory mean@tRdk qusﬂ%o'ftgﬁﬁfg#&? CRHENRFA%OT CAPRFI P JEPRY A out put
drift of theuRiRRANIEIsHRDHRS of)Betlofend}Redent Piveltit 6 RtGIIAE Fids R Bdtftrofir i f
amount, thereby correcting the tenperature drift, such that even if the

t enper at ur eappRratusind axBessheeriype flowhatefcpuirel appargtig using suchhepieesuKe sangor, to
accurately. The, invention-of claj ' r f Ot [ eGl.i

Cenper s ur <o) PRGH YRR e Reiely D AonPRAR B poaRin SR it g o,
control val spanbatpupdes sfifte mresstifeaknsdnd a pressure sensor for neasuring the
pressure of a fluid, the appfr_atus for correcting tenperature drift
conprising a menbhSInyeRE GistaimilielaiRs ta ap @pRArMEH I SPTEHEESSTIe fersor
tenper at ureteﬁ@gra Vfﬁgri Mo Rdd'i atsp?&%}re sOoPHr iakiiing B0 re@sdrggpgpﬁfdﬂgﬁdd“ ft
correcting neans ich calculates a pressure sensor output drift anount
from dat a i apparsusemprisingeatesipetagire sénsorf fon ntasurimgehatemperatirange sluidad

negat ﬁg t he out put dritft of. the &ressure set?lsglgl.cﬁtn thetbasi(i of the 5
cal cuPBt ed BETPIK DEHISHPT SRENES rPREOLRIVERH & L HGMPREYTE ARG P RTTFEC 5795
such that ey@putdrift, A8d EItéihﬁ;rétﬁfmﬁffﬁ&dﬁe@tiﬁ?ﬁﬁgﬁﬁwhikﬂ@al@tﬁl@&§ dpeestiirefsbitofl 1S
accurately controll'ed. The invention of claim3 is an apparatus for

correcting ewnwelrit amenn fiont datein the eampry Mepss whenthe mpRratee shargesy ol
apparatus ¢ e'gﬁfeg thethe Rt dbileGH tlfléjéregsﬁ{:ét §eﬁ%ﬁr'o'AQhé L&‘é& quflfcal@uléte& gﬂ%{lpéirift
val ve provided *n a pi pe on an upstream side of sal oritice, an n

upst r eam si sigoynehsiebe coeesiag thpr ©mipekachrd dtifipech tiwe evan if tieacmperatune of fiuidr ol
val ve for detecting the upstream side pressure Pl1, such that the flow rate
of a £Puid ﬁ?ﬁ‘g?%gﬁtfiﬁ‘gﬂfﬁs‘{rﬁém&q ERSErATCHatHont r ol | ed on the basis of
the upstream si depPloeinestiaRl HisARRBHAAMS f6rR0rEQIHREMbad & FRE TG 14k Sn a
drift conprising a tenperature sensor for measuring the tenperature of the
10 fluid, apwsswe sontmhaspataus eqnoprising acongiohvilve fdygresswn cohieoltandparessuree of

the fluid and an. output. drjft of t tream si.de.pressure sensor ngd a

! omper at ur oo s Ring St S B b AP R R ES G P e s

out put dri fgorpfridikiCa HiRsiokE MRS AL stBENS 8 FelhticBetabch the flulteehBRtte ARAAS When
the tenperature changes, and negates the output drift of the upstream side
sensoROon t PressyEsseaseroudpt drifia pd 3 tempgrativg drft corresting meansuyhich ¢aleulateniar epy

correcting : i E i ure of
the fluid f‘t)%gstué%%éggé,E Htif%‘geﬁt;d@wﬁﬁda‘{&eﬁ(‘%?’qf“l&uﬁ gﬁécg‘%*@gy {é“fgﬁlﬁsbgﬁ‘%“gtgp B el y.
The i nvent i mmpefatwk@hmgts,i mdawgapphe atitpst drdft of therpeessunegensenpe tlethass of thef t
for use in a pressure-type flowrate control apparatus conprising an
orifice for controlling flowrate, a control valve provided in a pipe on an
upstream side of said orifice, an upstream side 20 pressure sensor provided
between said orifice and said control valve for detecting the upstream side
pressure, P 1, and a downstream si de pressure sensor provided in a pipe on
a downstream side of the orifice for detecting the downstream side
pressure, P2, such that the flowrate of the fluid passing through the
orifice can be controlled on the basis of the upstream side pressure, P,,

o ~N- — e



6 The invention of claim5 is an apparatus for correcting tenperature drift
_as claimed in claiml, 2, 3, or 4, wherein said nenory neans stores a
~relation, which exists at zero pressure, between the fluid tenperature and
a "zero-point output drift" of the pressure sensor, and the tenperature
drift correcting neans cal cul ates a zero-%oint out put drift anount when the
tenperature of the fluid changes, and cancels the zero-point output drift
on t he basilafatedheutpul drift aineentzibersbp epmectiveithe tempeonatire drifiesusbyhat evereift i ng

the tenperature.drift. The invention of clai.m6 is apparatus for
correct | ng e Gipbranyy SpiE o il AT b Taltly BRRIELYS, | °0
nMenory neans st oT@SinfedtRInaificBimBnid an appiratas Rirlcoaetingreaperarrd it @rpemn 4 he
fluid tenperature and a "span output drift" of the pressure sensor, a span

out put dri fRIessHERIRYPe flowWdateconHpEapPaTabiH corIPESIRE #B oy fige farcontelling Hev jate, d
t t 0 | at . | [ d
enper gt ur eco%%{‘gagﬁ% Pnl%?ﬁieh € ggJefo% A @%@éﬁ%d@ W 84 offidd, Bn@gﬁ’yﬁsgrteh@hsg&de

to or Subtracted e output of the pressure sensor suc
t enper at ur eprdssufd sensorquovidedt bxlweekhthe orifiendndothe obnted] aviaivie Toi detamingplzar at us

for correcting tenmperature drift according 15.tQ .any one.of clains.1 to 6
for ot + i psatm apEaressue 6 anch o5 R e e O 4 M Rl R euebuRL S ¢

for controljd a6 SR theliaSiS DL R A 6146 Bfesulreny, §Ad BppaBithefor PRSIt | ON
O The Drawings FIG 1 ies aa1 schenl%??% di agrﬁar% (ggwflow I?I?aate C(;)rrltrol g

accor di ng ttempheatye dsiérrompnigingta tempersiungseaserfes mgasuring he temperatue of thent r ol

appar at us il.ch operates under. critigal 20 conditions. .Fl 2 kS A

SPro! 11 ea Brifea S BRPR FRaGE iafins briRion RaiPRpS B rbE s o e B e
drift in a @Itp&%ﬂffﬁoﬁth@ﬁﬂéctfeﬁﬁ\i didd sreszaret sendor agndar taingerature Grift Boiréetiiy means
expl anatory di agram of the correction of zero-point output drift and

nor mal i sat i whichzslcpatgs the grgou of ths|oxinut driff of thegirsHsasn side sersppiomglata in the
nmeasuring t | ft L @S ' Fagr t he
et o poi nt - Bemat Ansiholip eSS aa oty e ontph Pty O AR i
pressure sesidosensdil A thé basds of didacpl@nated ambent@di thepudutplrtidtift, (HSRAN cOREEIg the
tenperature character,istics 30 of, ressure sensqf. ElIG 7 is detail.ed
Sohomde: o DieBRIadiTs Gr i ush et cush 1 S erpegne pedd Bucmés ol it ot o
control  appaialcs be controlled accurately.

The invention of claim 4 is an apparatus for correcting temperature drift for use in a

pressure-type flow rate control apparatus comprising an orifice for controlling flow rate, a
control valve provided in a pipe on an upstream side of said orifice, an upstream side

20 pressure sensor provided between said orifice and said control valve for detecting the
upstream side pressure, Py, and a downstream side pressure sensor provided in a pipe on a
downstream side of the orifice for detecting the downstream side pressure, P,, such that the
flow rate of the fluid passing through the orifice can be controlled on the basis of the
upstream side pressure, Py, and the downstream side pressure, P», said apparatus for

25 correcting temperature drift comprising a temperature sensor to measure the temperature of
the fluid, a memory means for storing a relation between the temperature of the fluid and
output drifts of the upstream side pressure sensor and the downstream side pressure sensor,
and a temperature drift correcting means which calculates output drift amounts of the
upstream side pressure sensor and the downstream side pressure sensor from data in the

30 memory means when the temperature changes, and negates said output drifts of the
upstream side pressure sensor and downstream side pressure sensor on the basis of the
calculated output drift amounts, thereby correcting said temperature drifts, such that even if

the fluid temperature changes, the flow rate of fluid is controlled accurately.



FIG 8 is a flowchart of a zero-point output correcting neans 62 according
.to the present invention. FIG 9 is a flow diagram of the operation of a
.Span correcting neans 66 according to the present invention. 5 FIG 10 is a
schematic diagramof fluid control accordgng to the present invention using
a pressure-type flow rate control apparatus whi ch operates under
non-critical conditions, FIG 11 is a detailed schematic bl ock diagram of
the control circlhgingentnef claim SHs@n apparptys foreerrecting temperatiradiififes tlabmed at e

control accgqrdgl. 0t . I t i i V.

pressure-t y%ecﬂlﬁgbvtzf %’t (;(3}646 %ht%?eglpgaé&p%aeb{gﬁgw\%ﬁsr% %ggerl% 8 W&?\c ee%gsrtlso%t-zgm tical
condi ti ons. pricesuey, awechititddftuig tehpdraprecnda ‘Reessdifitcoutp erift’ oftHeadreéssaent r ol
apparatus; 4: orifjce; 15 4a: orjfice hole; 6: upstream side pipe;.8:
downst r eam ¥R %‘idpé,e tei'@?”ﬁﬁ%"t‘ﬁlsfé?ﬁrﬁcﬁég prrassrilates Agsro-pept opigithdtift eam

si de PE €SS UL B Rah thedmbératdr BPBe3iuid EhahBES Ahd cabels AR YR bofnt b&tLL drifl /-
flowrate calculating neans; 18: flow rate setting neans; 19: conparison
circuit; 25020k basik véethdrcaleslatgslmerapeint d2e amounft theteby sbirectinghe tpmwpetaivie; 26:
regul at or; %]' supply side pipe; 30 28: valve; 29: control side pipe; 30:
val ve; 32: ﬁ%‘nber; 8 34: vacuum punp; 40: offset D/ A converter;40a: DA

converter for roughingehtitit sTRMim401 an Rbpareas f&Icbatctin tempalanaeiiif hyeRim&soc:
buffer; 40d: buffer;40e:. buffer;41: CPU; 42: fixed anplifier;1042a: offset

t er mi nal ; 44in h3s 30514 WAgisin falémenery pgpnsat0res arphtion usdeumty asbiarsopressuteer ;
50: cgpstan r.aft ; -Rh I tor:56:. fixed
anpl i 18 per ; 5@9&%%&82%1%%?@?&%‘5&5%%%%& Efrﬁ%?grrlﬁf t(8 §;ﬁ:lg ?%Sg(?rfg%é&r?’g’ansg?%z: zero
poi nt cor r eaitpigirifeansyi @6kl culaad frgmnaahaefibry mean wientkcfluiidgempanmiré8: gas
tenperature correcti ans; 72: Al D converter;74; fixed lifier;2576:
fixed ampl i #Agesygad %%uﬁg@aﬁ\tﬁér%? owput 41 epmiimgildseito or yflhrie hos] e
pressur e; P2y Govurshd FatBusd S9sdt a8 thalihd AdperaalCcdiifafs@drbéeqy rate; Qs: set
flowrate; 0Q flow rate difference;v0: zero point drift volta 9 v:

out put vol t age; Vhe jmvestinmraef oladint 7ig@n apparatus for correcting temperature grei\ft according
15 to any one of claims 1 to 6 for use in a gas supply system, in which gas is caused to flow as
a fluid, for controlling the gas pressure and the gas flow rate.
Brief Description Of The Drawings
FIG. 1 is a schematic diagram of flow rate control according to the present
invention using a pressure-type flow rate control apparatus which operates under critical
20 conditions.
FIG. 2 is a simplified block circuit diagram for the correction of zero-point output
drift in a pressure-type flow rate control apparatus.
FIG. 3 is an explanatory diagram of the correction of zero-point output drift and
normalisation.
25 FIG. 4 is an explanatory diagram of a method for measuring the output drift of a
pressure sensor.
FIG. 5 is a diagram of the zero-point output drift (ZERO DRIFT) temperature
characteristics of a pressure sensor.
FIG. 6 is a diagram of the output drift (SPAN DRIFT) temperature characteristics
30 of a pressure sensor.
FIG. 7 is a detailed schematic block diagram of a control circuit for a pressure-type

flow rate control apparatus.



Description of the preferred enbodi nents By anal ysing the zero-poi nt output
_drift ‘and span output drift of a pressure sensor S caused by a tenperature
~change, the inventors have succeeded in devel oping a nethod of correcting
the tenperature drift, not only for the pressure sensor, but also for a
pressure control apparatus, and a pressure-type flow rate control apparatus
in which the pressure sensor is used. Enbodinments of the apparatus for
correcting tenpeflat Griea dlow chartef agzeyor peiBiuguput gpaectipefmenns 6§1aecocdmg tethe
appar at us acgorg{n?_&qlthe present invention will be described below wth
reference tBYH £\ ngs. FIG 1 is a schematic diagramof flow rate
control accordi nEIG. 9 it B€lopr diagbin dfNEsPcradnUSiatgac@fRERY hRahyfRadcbRllng at e
control apparatus which gperates under critical conditions . In said
pressur e- t yigdhe pisognt #rvendeht r ol apparatus 2, it is a prerequisite that a 15
fluid to be suppky I: chitl I 6. . ity
ot the Tl ard 1 E’%ﬁg%i SHTai€ ekl 4i2b¢ A8 CbhARBeorinG to %ﬂc%ﬁ%rﬁg.egﬁﬁ‘\g&%‘tf"g’w
rate can t heimf opesdee-gporbssmt antrQl appdfths Whiel speretes andeeasnsceidicalnl y by an
upstream si de pressure sensor 10. Said pressure-type flow rate contro
apparatus X Pses said orifice 4 having an 20 orifice hole 4a, an
upstream si de pipgs. Gl ifa Ao ScBamhsd BiBclPiiRBrath oftfe BRitid] 8RBMBHTRIRE@SSUr €
sensor 10, a tenperature sensor 14, a control circuit 16, a valve drive
unit 20, and a coift.rldlis ¢ s¢hematie diagram ebfew sate gpitealjagcording dorfheipsessntan

electrgnic circuit..a m.croconputer nd LLELD, RLOar as_lts

pri ncilgal Clgx%rﬁ}?gnt{sgm'g al%wg\r/oevre% eaf?%fb'ég%etf}(g ?#% P %:r%}ﬂl gﬁ%q%@%%)cr}rlpo 9525 an
el ectroni ¢ @ideeHort-cilieonditiordn el ectronic circuit and a personal conputer
Said control circuit 16 conprises an electronic circuit system such as an
anpl i fi cat i BefersnceNumber§ an A/ D converter (not shown), a flow rate

cal cul ati ng neans. : latd .using an enpirical flow
rate formul a, an?'llélérgr‘;a%?g?%é%itg%é @ngg?fgg &%({g?ﬁ rr%Ss’m' tting a set flowrate
& for the flui d4: aiftea conpari son neans 19 for determining ~Q (= & - Q),
t he 3& differenc _b%%meggﬁyhe calculated flowrate Qc and the set flow rate
Q. THe flow rat @ §PfFeP¥ice 00 may be calculated as @ - Q. On the
upstream si de of gg@sfledniBidepEs; Pressure-type flow rate control apparatus 2,
the foll ow ng conponents are connected: a gas tank 24 containing an high
pressure gas, a 8:dpovnsteam aidePip®6 for regul ating properly the pressure of
the gas in the hjgh-pre I .and a valve 28 for |eading said gas
froma supply siggL?ﬁ%g%ggdggggiF%Q%%%%rol val ve 22. Further, on the

downst ream si de tf: dohastrénpt side grepsiessansert ype flow rate control apparatus
2, the follow ng, conponents are connected: a control side pipe 29 for
flow R§ 5 gas atlﬁéggpﬂﬁﬁﬁiﬁpgﬁ;flom/rate, a valve 30 for feeding said gas
to a chanber 32, ;@andnfolM@etitm punp 34. The chamber 32 is a reaction chanber
for producing a target gas fromsupplied material gases. For exanple,

mat eri al gases HP7:dloov G ¢abeulatisgensisist ure gas in the reaction chanber.
Next, the contra)_qperaiio%.of th_inproved pressure-type flow rate control
10 apparatus 2 2f'l erag(%:] HE&HBE on t he upstream si de, a gas under

speci fic pressure:icompdiifin @uito the supply side pipe 27. Further, the rate
of gas flow to the uPstrean1side pipe 6 is controlled by the control valve
22, wRdse openi ngliivéliecliiyF #PRNY: sai d val ve drive unit 20. At the sane
time, on the do ﬁ&)ﬁgmﬁﬁa?’ t he downstream side pipe 8 is naintained at a
set |l ow pressure by the dry punp 34. 15 By neans of evacuation by the
vacuum punp 34, Zheasdtankstream side pressure P2 within said downstream side
pipe 8 is held sygstqgtially | ower than the upstream side pressure Pl, and
is automatical | y*&dPEEHER that critical conditions, i.e. P2/Pl, <about 0.5,
al ways apply. Fop7.tdipslysRRSfRps; the velocity of the gas flowi ng out of the
orifice hole 4a is sonic velocity. The flowrate Q of the gas passing
througl the orif2&ealvecan therefore be 20 calculated by Q = KP i . The
upstream si de pr§§§%hgoﬁﬁm%§ geasured usi ng the pressure sensor 10. To
measure the pressSure accur 8 'y, the upstream side pressure sensor 10 is
installed with i86 vabresor part in contact with the gas flow. The sensor
part is designed_to be dinensionally very small so as not to disturb the
gas flow The tedpeDdMBF% of the sensor part is therefore 25 al nost equa

to the gas tenperature T. Furthernore, the gas tenperature T is neasured by
the tenperature sensor 14. Said tenperature sensor 14 neasures the
tenperature near the orifice 4, so that the gas flowis not disturbed, and
if the gas and the orifice are in thermal equilibrium then the two are
identical in tenperature. The orifice tenperature can therefore be neasured
as the gas 30 tenperature. The upstream side pressure P, and the gas
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proportional coefficient Kis calculated fromthe gas tenperature T and the
. physical properties of the gas. Furthernore, by using the upstream side
_pressure Pi, the calculated flowrate Q can be determ ned by Q = KPH The
set flowrate & is inputted fromthe floy rate setting nmeans 18, and the
flowrate difference 0Qis cal cul ated as %Verr)Q: & - @ by said

conpari son neans 19. In order to calculate said flowrate difference
(err)Q the forndt:aapempanp; c - G may be used. Said flow rate difference
(err)Q is output e.V .drive unit 20, and the opening of the
control valve Zzﬁ(ﬁgf%sgtnl?}r}b?? e3M§r0 as to reduce (err)Qto zero. By neans of
thi s openi ng adj 4G4 DEAtconbvdreer ipabuglaadjsstaentpr essure P 1 of the gas is

adj usted so that the 10 calculated flowrate Qc obtained fromQ = KP 1 is
equal to the set44h: QfArcnerterdorfine adptineibove, the tenperature of the
sensor spart of th&.pigssure sensor 10 is equal to the gas tenperature T,
and if "the gas tenperature T changes, then the tenperature of the sensor
changes correspod@l: bgffgr; However, the pressure sensor is tenperature
dependent, and th(gIeh u&gut vol tage of the pressure sensor drifts as the
temperature 15 ch 53 “I>The correction of this output drift will now be
described. FIG 2y.icpg sinplified block circuit diagramfor the correction
of zero-point out put drift_ in the pressure-type flow rate control
apparatus. The oﬁﬁpﬁ)‘tﬂd\ampﬂlﬁgﬁ v of the pressure sensor 10 is anplified up
to the,pressure . a fixed anplifier 42 and a variable anplifier
44, T?}g pressur ex%'loﬁ)?tggeté{ %{asl inputted to a CPU 41 via an A/D converter 48.
20 Furthernore, #heatiablpumptifiet;he fixed anplifier 42 is also outputted to
anot her vari abl e glrrpl,i fier 46, and the output of said other variable
anplifier 46 al s :gj’la%@etaﬁ’é’hgiﬂéssure voltage V, and is displayed as the
upstream si de pr%swcd?live@é};a di spl ay panel. Assune, by way of exanple,
that the upstream side pressure sensor 10 used in this enbodi nent outputs
100 nV when it d&9:eonsaninemperoturg bathyr essure P, = 7 atm i.e. 7 (x 102 25
kPaA).SIf t he upg%re%m si de gressur P1lis controlled in the range P1 = 0
~ 3 ()1 102 kPaA) df Enggpﬁ:s SEHEYFAY: then the out put voltage v of the
upstream si de presSiked aipligier, 10 will be in the range v = 0 ~ 42.86 nVv. |[f
t he maxi num vol tage 42.86 nV of said output voltage v is nornmalised to a
peak val ue of S\ 1tA{@annH@T@ifrpl ification is 117 tinmes. The anplification of
117 times is 30 I Lk odi nrent by an anplification of
100 times using %gérﬁ¥§r§t3}é;%¢??rlpéecﬁiggsegﬁgban anplification of 1.17 tines
usi ng the vari abéZ zanppdiit eeectlidy moghs46.

20 64: memory means;
66: span correcting means;
68: gas temperature correcting means;
72: A/D converter;
74: fixed amplifier;
25 76: fixed amplifier;
78: A/D converter;
DP: vacuum pump;
P,: upstream side pressure;
P,: downstream side pressure;
30 Qc: calculated flow rate;
Qs: set flow rate;
AQ: flow rate difference;

v0: zero point drift voltage;



12" However, the output of the pressure sensor 10 drifts as the tenperature
. changes. The output drift displayed when the pressure is zero wll be
~called the "zero-point output drift", and the drift under any arbitrary
pressure will be called the "output drifty. The zero-point output drift is
corrected by adjusting an input voltage t0 an offset term nal 42a of the
fixed amplifier 42. Specifically, correction of the above-nentioned

zer 0- poi nt out put: QuERUE poltagesf f ect ed by an offset D/A converter 40. That is,
when, with the e the output voltage v has a certain val ue
VO, - VO IS applo?e@%%%l??ﬂéltaggfset term nal 42a to reduce said zero-point
out put dri fDescaiplmge)f\th)epmfmeﬁemdmemsult even if a pressure vo is
inputted to the fixe erllerr 42 tng ressu s zero, the
effective i nput VHPR )j%ng e\?8r°4p‘(mt Q}BI?‘“ 303k ﬂ‘étp‘i %WFS%‘EE PHEOTdri f t
is corgect e&uséﬁ"&‘y %at@e%h&@yﬁ{eﬁﬂenﬂﬂs H%ﬁb&%&e@m@eﬁelﬁﬁﬂg%ﬁﬁ&ho&@ﬁ for
rough adj ust nent having a buf f 40c, a D/ A converter 40b for fine
adj ust nent QditeREI)g ﬂwemgeratumjdm%rnongmly fam@e@rqswmowﬂf algo fge.pressugl r eady

deser b, TR 450 aRRHBY o FALPRE AP WEhSERE R B T

circuits fodensc@@yglisedd) ust nent and fine adjustnent to cancel out the
zer 0- poi nt out put drlft voltage vo, thereby correcting the.zero-point

output drift. FIEmbadimenisofdsqanpaetesior enrg'glﬂasﬁempefaéws-%ﬁ@fa@rqswre type
corr e‘ib' on ﬁ‘%ﬂ? hdl%g'bzgl nS ag-&?dlﬂg s ?f’es eﬁ\éegnltl‘aﬁ Swifl lB@ dH:f%%ltb&? ggfbgzln\gﬁh

pressure Pl ate axi out put voltage v
pressure vodefeagﬁ:e\t’otlth&hawmg’shat t he pressure range is P1L = 0 ~ P1 m and

t he maxi num pres e.is Plm = 102 | cPaA t hat when t he ga
t enper at ur e 'FI)' isﬁ#{b 1ip ﬁéd}eé?aélcﬁlb"r%ﬁ?mggflﬁ‘dtmtﬁﬂ”f‘? ll"‘é’CQfamg to t}? RyCSHL Assurrg >

that at thejyEadRUBinY aeﬁékb'h?e Fhetowi AR RRRSIppARNIsFHITEIPYpdRAtEs hifdeY brifcat0- 8
nVv. The fi ne dotted I't ne between vo and v, shows the tenperature

characteri sctqndstw@fs irhiﬁ@ﬁremgmeél@ewmonml anpRratusg if is apppequsite thatshe
of f Seé ‘tit er t %Zgl\il&?thgﬁ | Qéndg cétlcayggndflo(l’fs Ie ?nat Yh%sv'e?ocﬂg%?m Vfﬁgfl ?ﬂq'mg

corrected t own as er 0-'Adj

maxi mum pr esgwfan Blificé 9ds at\sdnit veloeiy. ’Phe‘ﬂbvBrate é’an&hereﬂﬁe Be BMres'Ebdfa:out put of
pressure sensor 10 is therefore corrected to 0 42.8 nV by correcting the
zero- poi nt out puR WKPft. This correction is shown as the thick broken Iine.

30 Next, normal i ALl 00iQfedBRdRhES Mf@ﬁ@%ﬂsﬁlgr s§ur‘é‘§l soffgout. Wen the

out put of the pressure sensor is ter Zero-Adj, that is 0 ~
42.8 nV, it is nBaidpkdsswd-tyme fow rate control apparatus 2 comprises said or1ﬁce4having an

20 orifice hole 4a, an upstream side pipe 6, a downstream side pipe 8, an upstream side
pressure sensor 10, a temperature sensor 14, a control circuit 16, a valve drive unit 20, and
a control valve 22.
The control circuit 16 comprises an electronic circuit, a microcomputer, and a built-
in programme, as its principal components. However, said control circuit 16 may comprise
25 an electronic circuit alone, or an electronic circuit and a personal computer. Said control
circuit 16 comprises an electronic circuit system, such as an amplification circuit and an
A/D converter (not shown), a flow rate calculating means 17 for calculating a flow rate Qc
using an empirical flow rate formula, a flow rate setting means 18 for transmitting a set
flow rate Qs for the fluid, and a comparison means 19 for determining AQ (= Qs - Qc), the
30 difference between the calculated flow rate Qc and the set flow rate Qs. The flow rate
difference AQ may be calculated as Qc - Qs.
On the upstream side of said improved pressure-type flow rate control apparatus 2,

the following components are connected: a gas tank 24 containing an high pressure gas, a



peak value of 5 V. In other words, to anplify 42.8 nV to SV, the
_anplification provided 13 by the variable anplifiers 44, 46 will be 1.17.
_As a result, the two-stage anplification is set at M= 100 x 1.17 = 117.
This correction is shown as "Span-Adj". Tge maxi mum vol tage V', is
therefore given as Vm= M (v, - vo0). The ! utput v of the pressure sensor 10
under an arbitrary pressure Pl is anplified to V= M (v - vo). Said
anpl i fi ed owgwator Y6 ifer regelpiceg mraperly thiaeraskure T tlgaslin tha dightprdssuregasttaal

conditions,_this | liid line indicates V,= a Pl. The pr tional
constant a a(n‘iloa)va}‘seepk;irggis%é?ﬁ%g g sad Re8 O?Ib%gqpp@oﬂg? Bt g\iﬁ%ﬁalfl ﬁ%rﬁbo g a&g%er ature
Tis To. FIG 4 Fathen oaxht dowhdfeymbiideasfane oipraveteprbadreofype@asihicnt@nirbe

output drift of a pressure sensor. The pressure sensor 10, as incorporated
in a pressuiiPatase. theo@llpwing compenents ate capprsete asontrd sigsuvinedd fos flavérmst ant

t enper at ur f’ﬁagiﬁ ghi?ﬁe ufat PR PR U R AR f%g{ngfsggegg Yo bbbl 320615 ator 52

di sposed outsi de constant tenperature re connecte he
pressur e- t yyaeulith@ontpedde The ohamber 8Qpa4 edausorbshambpt fie produeingrasasiat gasrdrhi n

the pipe is held at zero (vacuum), .i.e. Pl = 0 (x 2 kPa by the vacuum
punp DP, aniPP %“Z‘é‘iel%}?';)%ﬂs%% %BD?WPIW‘W‘E“%SP%&@ Wé%ﬁff"%@‘ar"é‘ﬁ%@%@éé’hsor
10 15 is ne@swWaeHomshdnkert enperature i s changed. Furthernore, by sw tching

over the valves, the pressure PL of the reference pressure generator 52 is
set at a speci fiNeyprbssonteol oparation of thetimpravedrprassirertypei ffove tragemadrol t he

I ' d. i . I
of . #Srper Pl LA S GoRE LN e Alshn R LB 8l Shesticslie Bl £ 71T

(ZERO DRI FTs)u_Fpﬁecﬁt_oﬂheﬁﬁjpﬂ)esi&@pi%@ 27. MlitheBhBEiags 6t @ iflow o pheeHesmGaR pife 6
tenperature T, whilst the ordinate_axis represents the relative ratio k (T)
of the zerosgentrlledyghe contiol wakye 22 agleose openipg istagHatgd by sald|viakvs datve omit

Cndi cat . . . . et . e _
e ndi caeeiany saoie pd iR hohlchm S0 nf o ifiedeh b Bl s RRUufRpR L
zero at 60G sébvabmetur® bP%headry §bfip 38aid rel ative ratio k (T) is converted

into e zero-point output drift voltage vo and appljed to the
aboveaﬁenti oned ¥f‘heé?s‘$ VAFYRLion 5 theyicupn gump 43%4"8%@?%‘96#(181%55“6 P

char act eri sfitki sidaaRiredm §1a6 pRiétaoid heldrsubdtart AN VAR thdn thefupdrdahLggaIr e
sensor. The abscissa axis represents the gas tenperature T, whilst the

ordi nat e axpressuredfic andis autpenatichlyit sef sughgthaterigicgleonditionp an. Bl ptabout §.5 ¢

vol tage v at;._a given prassure. e t rift; was asured.at .t hree
di fferent parlgggu?pé)z}f' F?)-I'g‘l,lé%-a %fn’ g{éove?o)%ltyggtl%ﬁ ,0 Wénrﬁjontﬁt()?\%gsorg%e#l(?rfn ¥ hat
as the presguieveldvitygEhe floweate W) plthe dad pdssiaf dirgegh the bgifitd ¥ cat\thepefb e
tenperature, such, far exanple, as not higher than 60C, it was found that

the dPffer indlated by QsskPe can

The upstream side pressure P; is measured using the pressure sensor 10. To
measure the pressure accurately, the upstream side pressure sensor 10 is installed with its
sensor part in contact with the gas flow. The sensor part is designed to be dimensionally
very small so as not to disturb the gas flow.The temperature of the sensor part is therefore

25 almost equal to the gas temperature T.

Furthermore, the gas temperature T is measured by the temperature sensor 14. Said
temperature sensor 14 measures the temperature near the orifice 4, so that the gas flow is
not disturbed, and if the gas and the orifice are in thermal equilibrium, then the two are
identical in temperature. The orifice temperature can therefore be measured as the gas

30 temperature.

The upstream side pressure P; and the gas temperature T are obtained as voltages

and converted into digital signals by an amplification circuit or an A/D converter (not

shown). Said digital signals are inputted to the flow rate calculating means 17, and the



‘be ignored. Correction can therefore be nmade using the average drift,

. assumng that the output drift is constant at all arbitrary pressures. 14
.FIG 7 is a detailed schematic block diagramof a control circuit in a
pressure-type flow rate control apparat us; The pressure sensor 10, fixed
anplifier 42, variable anplifiers 44, 46, A/D converter 48, offset DA
converter 40 are all the sane as those in FIG 2, and wll not be expl ai ned
further. 5 Praporggnaliceptbicient Krie cylculpled fioanthagastemiperaieretleanddhaphivsicalensor 14
is anplifi - : ' lj.£J '

mput e t orteheif: e B ERLRcE by wink e bushGhin R chedk e T nERck B, |

i nputted toflawtraeRercah be dedrmined bpQeecKPng nmeans 60 and a gas tenperature

correcting nmeans £8. Said tenperature drif orrecting nmeans_ 60 Go ises a
Zer o pol Nt corr ecticit ARMTEE 14 o e Bhpr e RERE eeatigEeas Lo ot Hev: | on
nmeans §6. | ﬂﬁtescﬁffgreﬁ'@é@?}is BReNae84s AbReQkolgdcaw saf ?ﬁi}ﬁti@étﬁﬁé&&r ed lI:rll %Ila%rS to

relative ratio k (T) of the zero-point output drift "as shown in , and
t he rel ati vealouate oaid floWratef differeneridQuihe dorinfula AQ sQowRsimayhedised. \When t he

gas tenperature T,i.$ 4 nputt to the.zero i.nt. correcting.ngans, 62, the
correspondi ng rel%%@ggwrprﬁﬁei‘ﬁgﬁrﬁ?% 150 t%llltge;aitﬂ G Y ri‘feh Wfé&‘&@of‘%q t%8ut put
drift, is ofjedinpasd tHbcdntoMvilbe 2Pe thitoN®BdbSastd redabd AQNS zER). Blyinvéink of this K
(T) at gas tenperature T is calculated. Fromthis calculated relative ratio
k (T), the onRenBgRdiustment: thaupgraam sidapresyee Rioofithe gastis pdinstediso thatithene
invertgd vo i | 0 i ough the

of f se?GD/ A écatcl)%%?q gér{wzfgt;e @ﬁ%ﬂ@g?%f}%%ﬁ% f([)éuptSl ggu?‘f”%{ ﬁt?@%estﬁt%ﬁvu}g%ut omatically
corrected. Furthas mentieredtdbovgalse temppmtwt of the Fenser parpof the ghrassurt sensep b is

correction neans 66, 20 the corres ding relativ ata O, , relating to
Che. Span_ oual DRt S OrBeGBESIUN f RoriRE HETRrEtiG T Haudes e (B frympere
rel ative ragfiRe Rrsdd cahg&adreSimamali HRwhvesS thedlréddh@tselsor I ¥@mpRARIreUt put
drift is determ ned using the calculated relative ratio O (T). By

subt r act i ngdepaedenpand dhg guiputdioitage dlrtherprepsrg saasendriftsasitheigmperaturput t ed from
Al D copverter 48,.an accurate upstr si.de pressure P 1 is obtained. 25
Furth Smre&a\‘}}ﬁ%snﬂ}ehcém&gtéor{% lgroélhﬁfgmit lg n|O{r)§]p t(feg%fﬁ{eg'the gas tenperature
correcting meanspFK8.2 ial sieslifledthiodkr 0t iapfamh faranstdrdctitn bfzdlelpemniotgdt on
the basis of inputted physical data, and from said proportional constant K
and sai d updift bk Preseurprieresilew ravq coniral apRasptys. ddeouENt veltage aotithe PSS ed
fromQ = i . . i i .
converter %ngonri%'ég]@ ?‘?Eﬁ%%ﬁd‘}‘ {:gg%)ﬁébglrtl |\y56}élgg%(lg§%ﬁe1§9g%ﬂ %n&g([)z @)?taglrei or
di spl ay devamplifijerdtt. ThopmesurSedlthgs &t isfikpwied &i 2 CRY 4 Ingatt ddDfooovertend8f | ow

t tti 1 the f| t e .of idtob lied is inputted
ot hedcorpEutegnors e it of hediieh BBt ¥iele 'S YRk veBHE t or
78. On the ghpefierNanshd thbeupat st Gber Jatdble ahPliRer 4Galkdpives 81 ég@s,saﬁa 15

e
conparison neans_19 fromthe gas tenperature correction nmeans , and the
flow rate dydlfage dhcad(igdisplay¢dasthe spdtigemdidppromuee Ryona digplanpanshit putted to

the valve drive i i i I I j_ng . of
the control val vggiﬁ%ﬂ%gy gsé 9tog e%%l%g’ tﬂ fjiltlet}{ﬁl}gév?\#eéxgt% gdegﬁggfsg%esﬁ{‘%g%o% ggdz]félﬁgl.s By
adj usti ng té&sbatimeht@tgits 1 0Em3bwherit dutatty an ABsolutl ereSsurp Bt =Fanmsi.cley (1esSsure

Pl is controlled, As a result, the control valve 22 is_automaticall
regul 8Ped sPa‘half theypsiee eAapssuLedy 13 pntoled i the s¥neeifow Qaééxgz lsP\éAéqum

to the set ﬁJix‘P%f‘éari@E&sS?slo, FeF thSoit utava)_fldagé’vv oF AR AR §iH@FféQ§fré‘Eén‘§5'r of whhe
zero point cortfection neans 62 according to the present Tnvention. At step
m 1, the gake inghpenge wred T4286impgutted, and at 10 step nR the relative
ratio k (T) at g tenperature T i.5degived fr t rel.ative ratjo data in
the ety meanciat SARFPL0Fagt 426 15T, of Saoh U D Sif bRyl e POk, <
cal cul at ed ¥d106f £V ahégeladiplificktidnly 1&ndnteReTHeuEnpMfickdt G Mirds ik he
pressure sensor 10. At step m4, said voltage vo is_inverted, and _at step nb

- vo B8 apprghigyed én dgingessnt epphodimentibyan ammpiificatien ofd08 tisegsisingdhe fixed
corrected. ' : ' a Y| :

cort oot on HRESLEAZ iAo B ATENY Bnel AMORENBMLaRbIEHR AR 4G o
tenperature T is inputted. Contenporaneously, at step n2, the output

vol tage v neasured by the pressure sensor 10 is subjected to zeropoint

out put correction and inputted as a pressure voltage V. At step n3, the
relative ratio O (T) of drift at gas tenperature T is determ ned on the 20
basis of the relative ratio data in the nenory neans 64. At step n4, a
tenperature-corrected pressure voltage V' is calculated fromsaid relative
ratio O (T) and the above-nenti oned pressure voltage V. Said
tenperature-corrected pressure voltage V' is an accurate upstream side
pressure P, . At step n5, said upstreamside pressure P, is inputted to the

o M o o - o ~ AN~ ™1 o~ T



Q= KP21/2 (pl -p2)1/2 16 In this enbodiment, the gas flowrate is
~controlled using this theoretical flow rate fornula. According to this flow
.rate fornula, the flowrate Q of the fluid passing through the orifice is

cal cul ated fromthe upstream side pressurg Pl and the downstream side 5
pressure P2. Wiile the upstream side pre§ ure P ~ is nmeasured by the
pressure sensor 10, and the downstream side pressure PZ is constantly
neasured by t he deweverrbasiwutiel the prestire senserski} drifts asttheteatpsrasyrechanges.
cal cul ated o) t e ' ' = ~ R2)/ 2 t .1
i troront 1 Psdp@ AR E ARG leb Ul (e PR, Cllpa e abtomp o bBhin i, o
10 syst em adréft’adal thei drifintnidehadshebiiawpilessiderwill becdbled sistfomtgdd dtig” measur ed by
t he downstream si de pressure sensor , and the measured value is inputted

sor 12 .
to the control clictrre-peigt outpet drifhis corrseted By pdivstingan npehHoltags i ofbet war e
systenxas t t ég%%ﬂ 0 the upstream side pressure sensor 10
are pp?)vi de Hﬁﬁaltp‘gzradaqfﬁlg ﬁ%or t %fgegégr pose. FIG 11 is a detailed schematic
bl ock di agr am of Speeeficatiptaoalectiorn afithe almfvefrh€atib@ed ddo-Pomt ehpat difticeffdctecui t
systemthat is cgnn ed to t ownstream.si de pressure sensor, 12 incl udes
27T xed anp 1 oS Aponiehsh A0 RS HBFS (T D GROBS SeeRpn PaBYEYAIPE? | or
for di spl ayy haAMRairpvhld¥ ), COMSAPPIRIG to Mo iRt RfhaRl 42 0 re@R¥8hidSero-pihs
el ectronic circuit systemis nounted in the input systemof said 41.
addi tion, taspeckifivelegeystosierd. dys ageulyguer idamresere vpisaspuiiad tedhisivred1o i s
used co Ly, That i ' f e e, GRS saivd. r
means%@4 fg%@%%err i‘%ﬁ’al &é‘{@e P"Zé?%‘?‘? %%e{o\cl)vﬁ{ehegf%}zé@eol- ]gti nt agﬁ%ggti (Ejr@i’)f_t 67’21% tps{epan
out put dri fier@boinbeuavdiift isawiesiede pressure sensor 12, said zero point
correction neans 62 for_correcti ng t he z_ero;ﬁ)oi nt output drift, and said
span correction HeapidsetB/Aspnvasicr 86 comprissapdY dranvertarfie foropgh adipstmensi ng
t hese data. i I i . :
provi di ng s@g@gfg%%%%?éﬁ zt?{?l?? @%ﬁ ngér%kvéﬁgf(ggﬁé%gﬁkug%ng&%@a@ ?hlnﬁga t he
flow rate clalffwl48d,ang ansmamsing buffer4lealis alreadyniys@ibed, dgHdvéerked(4eto-poipR) nz i n

the copntrol cirguit 16, and.at sane.ti b rovi di he, co ri son ans
10 1 ofScal cuEfinmvolager Monf s rEremata i riteBty ats qopied s tag At fesfitra FES s
control | ed gypiheRirehifs fr kgt aljusingdt bad Bne Jd;@st%ﬁtrtafchﬂﬂ amdh@iérsgfogu@htmhe

ot her conponents are the sane as those in FIG 1 and will not 30 be
expl ai ned fdrift Heltagemoghereby perrecting travere-poiat aypatrdrdt. f1 ow rate control

according to the S ' I, Of - mprowe S - ] ow
Tate control appiiris bARIL ARy iyelh 08 20 e ML S il
sai d pressuTlee dbspiesd dxdsvploatiRe apyiietmlsidegpedsaiely, whilé theiosdiaate atig piotethequi sit e
that the fluid to be supplied is und%r non-critical conditiaqn ,_gut an

i npr o¢Bd t haBPWvoltage Y pdhpiestuge YJIagE Va As8ums gt thSiPﬁ%*éUFaé%fLS&HSéag 65Ul | ui ds

are expandal 2t GAMR LRSS EP, 208 03k P&PaRs U e kiat RekRa dds' s theorem
whi ch assumes 1 nconpressibility, holds good onl'y approximately, the flow
rate fornul empemtas dis dd, thy z€o-poirKPRtpuRdiifriis vo P23.02nY sAssuing that aafsr oxi mat e
formul a. | nprovi r}l? on th'hs gg%)roxoirmaéte foronggl’&} t he dgve\ptors have found a
formul a t haf"*¢§H EB’F%‘E% e {8 RO R PR 1 g‘}é fnp'r ecision. In the
i nproved flow rarke figs dotted linehetveguat, aadv, Bows thFRMmpeRture chdtddteristils bsthesed.
The two paraneters m n are introduced as fitting exponents, that is, for
mat chi2fg acPrgssure $easpr 18 Hs vods anpdicd thile ohise temipgl 422, the va b uss =dhi-&i Yod¥
vere m = 0. dhiided dhduotheBRa 90 kP loh REAGwH L UBo- Ak Y a fesQM A ffeeS can be
calcul ated w grea

maximum pressure Py, too, vi + (- vo) = 40.8 + 2.0 = 42.8 mV.The output of pressure

In

sensor 10 is therefore corrected to 0 ~42.8 mV by correcting the zero-point output drift.
This correction is shown as the thick broken line.

30 Next, normalisation of the pressure sensor 10 is carried out. When the output of the
pressure sensor is 0 ~v; + (—v,) after Zero-Adj, that is 0 ~42.8 mV, it is normalised to a

peak value of 5 V. In other words, to amplify 42.8 mV to 5V, the amplification provided



precision.. In this enbodinent, the flow rate calculation neans 17 is

_ provided using the 15 inproved flow rate formula. Except in this respect,
.this enbodinent is wholly the sanme as the enbodi nrent shown in FIG 10. That
is, the systens for correcting the tenpergture drifts of the upstream side
pressure sensor 10 and the downstream si 012 pressure sensor 12 are the sane

as those in FIG 11, and will not be explained further. The present

i nvent i on hasthe yariabje ampliBers dAbtaiwill bl A dghy airesult.she tyaarstage ypplificasian isgee 20
control appar t_ul'[% Lty 16an. al of. Gakrection of

t enper at ur eaﬁ&?if 0(’5%?%- plc}?h?hlgﬁ@gﬂ?%a???{ﬁwja{ln% ?E%ﬁg‘g tput drift) of the
pressure sensor Themhkimunurdltege v B thdréferepgieaeast Vi, MMy -on).CHR dugpuwised to

correct the tenperature ift of g.pressure control. . apparat with a,.
bui I t-in prieolFsEIe sFer ?6R%‘_L¢6P€§§’1‘E‘HY§5%F?‘FF 8 SRR 6 N e M (bnvosSaig
restrigted a{rﬁpﬁﬁr}ﬁ ARANM 87 BRI ABEHy R (RIRQSIER. $indbf critfoal QnRRid#eAglsshieRd

that the present invention covers a variety of exanples and design changes
within its dodiddimecadicatenye; a (Hodholihe propantionalgohstanhat (Te) ropiesénts @ propovpmabf
t he present inve{]thon Efchts ?f :'}heélj nvention The invention of claim1l
provi des a PPSCRLYVReLBAS8} CIPSAWE] Sdeuratel y detect 30 pressure by

providing a tenper, Wi aflbxgiinacty d@ptdnd 8f ABRMHIVS ﬂd&bﬁthg]tth@ohq@ﬁp&ﬁ@bﬂﬁe_
drift of the output of the pressure sensor can be cancelled he invention

of claim 2 pesuraiesse. Pheprssiuee w560 Idh anipperparated inanresgurs-tgpedenratesens or
and a,gontr gl I 0 ] p .Sl !

sccur dfel y CnptPgtRuoEp R BLLGRlanP B e B SOEASEL A Pumfio} fha o
correcting rEaagetpiasuregeneremat2 dishoscdenpsideathe censthmit fempetattdedbatir Haur e
sensor output. The invention Ofeffl aim 3 ha? a menory nmepans for storing a

rel ation betORBEHe toethe PLRsEPEEYRS U trteCe ﬁ‘m%ﬁ%‘b‘h?pﬂ’?i ft of an upstream
si de sensor, andrge ﬁggﬁ%gﬁt?i?ﬁhg?fpyis IR1§ f 2688 HaBRuAE 285p W 601 ¢Al PRl aye'S

t he amount of the output t of "the upstream side pressure sensor 'from
dat a i n t hethewaouuwn peap PRyard thelrerd-peintoutputpleifiataliage vhelithe presame safdisH s

the oytput drift of the upstream sjde sor with the cal cul ated anount of
out putSar 1 18 meauPe By HE SR ReP R Che BRI Bt P e MY B on
if a pressUpRssuifBosf thewfergn@PredserNRnalatir 82 6hsHt acd setiFici f&ssin®, atiPwhild he

upstream side pressure P, can be accurately 10 detected nerely by storing

the tenper athgitempssaieecs shanged. the puipptiolisgens o Presstie senppiel & is igapwed can

t herefore be con <l : ﬁaﬁg J P f

appar at uses Wherfélré(‘i)c'5 lggﬁg I slﬁ %gt%tég{sbeﬁ@%? P{i)@vcar%%}gzsfd (k#\tn\élﬂrl gf%%gfb}-%@gtmi on
of clai m4 bhaputalrife(ABRO DRIRT) 600 pressors segsar. The aisciosn et wpenenthegad | ui d
tenperature and the output drifts of an upstream side sensor .gnd a .
downsePeam ERBETalSe de U5t the Aingls Ship EPEERS Ui eIV E YR dl) 96 tirersHsPolAl ch
cal cul ates &m%%wmlaﬁewo.tm tRitdRted fhd Ail09R indidkees RS LR AR HheursRBOr and
t he downstream si de sensor fromdata in nmenory nmeans when the fluid

t enper at ur ewbilstrigeethin sodid, pelyaerial Bge indivates apactualy mcasyrest zergrgpoimp sttpobdniiti de
SO 20, IR FAR L FB b 35U S P SLb R
char act er i sthie @8ro-goihts@iputidfit voltage vo and applied to the above-mentioned offset terminal
25 42a.
FIG. 6 is a temperature characteristics diagram of the output drift (SPAN DRIFT)
of a pressure sensor. The abscissa axis represents the gas temperature T, whilst the ordinate
axis indicates the relative ratio A (T) of span output drift voltage v at a given pressure. The
output drift was measured at three different pressures, 1.5, 2.0, 3.0 (x 10% kPaA), and it was
30 found that as the pressure changes, the output drift changes slightly. At a low temperature,
such, for example, as not higher than 60°C, it was found that the difference in pressure can

be ignored.Correction can therefore be made using the average drift, assuming that the

output drift is constant at all arbitrary pressures.



20 upstream side pressure P i and downstream side P2 can be accurately
_detected nmerely by storing the tenperature characteristics of the pressure
.sensors in the nmenory neans. Hence, in a pressure-type flow rate control
apparatus where @ = KP2 ~ ~Z (P i - P2) ](Ljhz or @ = KP2' (P~ - P2)" is used,
the flow rate can be accurately controlled. According to the invention of
claim5, since the relation at zero pressure between 25 the fluid
tenperature and FKe 7zsedleisdied schsmape BIO@R idfagrasp of i eorgrad sEeibinsAepresaurg-type

t dint - PQl drifit
e cal cul at DEVPRE SRRt PR he ek 18, SRR R +pr bl gl e
changes to anye6l avielconwdrier R\offsbieDZecanvpnemt0 o bl tlie @biefds thdse imEIErRasdr e

sensor can be negated, on the basis of the cal cul ated zero-point output
drift anmountill pefhespplainsd fughstng the tenperature drift. 30 According to the

i nventison of cl airfR Bas ©MPEAOSuth el AEdsORAWIIRE teRIPbrAGRIsEARE Y4 BY £33 t0 a
between the fluid téenperature and the span’output drift of the pressure

sensor is sgartenpemturdd byshe fiyedaaplsliertShend moipputtastto theCBY i wduapayDdri f t

can be cal cul at ed mdata in the nor ans even if the fluid
Conper at ar cCunaged- SoERy Srtfrote O B RTS8 Pl pirl T forkec neons g
that the spap ppdsabipeiatiré c@tecting ni¥afS68Ir e sensor can be automatically
negated with the cal cul ated span out put drift anmount, thereby correcting

the tenperature Spidfiempegees drifhgomresting means,/eheqraprisss a 2prgi ROint coEgetipn meange

t enper,at ur e of i g 0, f.luld. ; S

pr essulrﬁe caﬁzﬁelk'%gfnycrﬁé%ﬂgéb%?gat 531%13} CL’#%%‘S"HW“Q%‘%S@P %%gs@%}@@gqﬁ%anlg ﬁg’rtgge t he
control eff follogwity dah atelstorgdrahotedativiewatib k (I)sefthezencpoind butpandiifaas sliawigin
facilities, _chem cal production ants, etc. .. 20 O ai apparatus for
correcting t P_ﬁfmeée‘_am fat‘f’d}(pﬂlé’ tl}erP“é?‘B!dé‘@sqﬁrsgo‘g’éHg]glr& or neasuring the
pressure of a fl gy, RAp4 BRPALARLLP iCRPRRdSoRRe Forb ﬁﬁiﬁﬁéﬁé&iﬁ% HRAROE2,fiRs
measuring the tenperatufe of the fluid, a nenory neans for storing a

rel ati on betawsspondieg &l4tivgiratia daip b r at nglaéing talthg zersepqintt oudiput idrifipfs abitained
pressyre sepsor,, and a tenperature drif.t correcti ans_for..cal culating
Phe: arsunt - 5P the My Eoam ¢4 o0f Frefelofie B Ia T ah@s ERPEmRT et Akt
Menory neanpropefis tdeulated telathRTREs R DY, ﬁlecié?d"lﬁﬁﬁt owpet RFORItagg veal d out put
drift of the pressure sensor with said cal cul ated anmount of the output

drift, thereggrmeised.apd thegnvertedrobipes ay israpped forthe gffsas tarmanal dde thrpyght the
t emperat ure [ S ) f |l : d
accurately. "%“?A}*é%ﬂgér}ge?&g’ S%Q%(#O ?‘étcdt‘ﬁ%r%‘g dB gﬁ%@%g ﬂt(régﬁg%qp{]&?%?{eg'se in a
pressure contr ol Fapipar whersthe gaptensperagura Icie iputted wathe apdrosorerias meenscdft r ol
and a pressyre sensor,. for nea [

) ring the pressure of a fluid, the ar at us
For g ot tHebonemmaninediialye Sith and toliiioli I Spin Blioh dridksonyhliga SRRAE.
rel ation betsgaepy H&gnsféwaﬂd HHRTBRIAL 13I8 /AT aPPasAbiinpethatudd TTid cAEulib® TR span

4l
pressure sensor,” and a tenperature drift correcting neans which cal cul ates
t he anount oftpuhdrifbisdstarminedfusingfthe paicydated salativegaties 4(T). Fonsubteetingthe pran
menory nmeans when. fhui t , iV ut put
it of g SHERA Mamu bR b ETVR R Buf0RTRRR: AATGRERE 4 A=<t
drift, thergptreamrsidcpresigrd Meisbbrapedature drift, such that even if the

flurd 2t5errper atur %ur%l?e?r&%?é ’whtepl?hepgragstesmu{)fgat%ie {‘ Iisuiinlgiutitesd tg%l?eugra%tteerlngergt%pet rolled.
correcting means 68, an accurate proportional constant K is determined on the basis of
inputted physical data, and from said proportional constant K and said upstream side
pressure Py, a calculated flow rate Qc is obtained from Qc = KP;. Said calculated flow rate
Qc is outputted via a D/A converter 72 and a fixed amplifier 74, and is displayed on an
30 exterior display device (not shown).
Said set flow rate Qs inputted from the flow rate setting means 18 as the flow rate

of fluid to be supplied is inputted to the comparison means 19 via a fixed amplifier 76 and

an A/D converter 78. On the other hand, the calculated flow rate Qc is inputted to the



20 3. An apparatus for correcting tenperature drift for use in a

_ pressure-type flow rate control apparatus conprising an orifice for flow
_rate control, a control valve provided in a pipe on an upstream side of the
orifice, and an upstream si de pressure sgnRsor provi ded between said orifice
and the control valve for detecting an upStream side pressure P~, such that
the flowrate of, a qurdgpassrn t hrough the orifice can be controlled on

the basis ofoMREISELMERRS Y efarﬁﬂétled%asrsweg%tuée qurrectinemspisSapudthedloversig ect i ng

tenperature f

t enper at ur edlgFIleH:teeggl u?%l?mg@ ‘r‘r@%@ﬁ}pga %of&g@greflnﬁhg rg‘%%{r!@gm%@ ween t he
tenperature of t $m’d 1’vhlué driageania20 oarttyml the péding bf ﬂlheonmdtwabammm tpbasgsUr €
sensor, and ate ure ift correctin ans . whi cal c t he
anmount of ttH%ﬂS %f‘ief”ig@fto ?W@% &PS&% @EBBG%%%%E@F?‘H Lfdgivs n€he
Menorys ”Ea%s‘d’@ﬁﬂ sid'é%r@ﬁ@ux"e@*m@&ﬁaftﬂé[l@d s o detuiiel tl%‘&i&%ﬁval@@?z f&fafu%ﬁér“uctaﬁ?
output drift of the upstream side pressure sensor with the cal cul ated
amount of thegulatet sathai N becomige rerbynd treraatauiatey flow rate Aods equal & deiséttflovsuch

t hat even |f t e tenperature of fluid fluctuates, the flowrate of fluid
can be acctl Ty control |l ed. 21 4. An apparatus for correcting

tenperature dr | fFIC. @ris W flow dlagrapr FsisudrRrdtiopeiheomrs pbiat CRMUCTioh nRRRSERL US
conprising an orifice for flowrate control, a control valve provided in a

pi pe on an asgeidinginthas present invsatien. itistep m bthe gpstempsrrreb ipingutied: and ahs or
provi §6d DELYPED (IR TP Bk KA ERBAE TH2hURdiford B0 A1 data

upstream si pressure owns ream side pressure sensor provi ded
in a pipe ounthc nllaxmsy means @l de sep nt’heheozerd—pcmt tndput(thrtfemltargg va1sctxa\lmiatedeam

si de pressu such th flow rat fluid assrn

or i b oanra TBRYS Gtipdd Ty H piut SoGaednet i el R o R SEl . -

and the dovwpst yQage s anirRasatdeat Bép ntstev(praaarletm& silarofﬁarté&ﬁhama The
tenperature drift conprising a tenperature sensor for measuring the

t enrper at ur ezepd peinkisithus eprregtefenory neans for storing 10 a rel ati on between
the t erature uid_an rif h tream

ressire. sensor 26 9ds el dadff GHerdlonidsTusoah SCrasiioh Ha, B Sfcqreine
drift COrret@tth@Qremlftﬁ/emhdnﬁh\t(sprﬂ the@as tdnqaeadtmrttsuqfutﬁebecmérap@radédutstys of

t he upstream si de Pressure sensor and downstream si de pressure sensor from
data in thedt t ¥pgger HacasH APy BH PSS pedsehkig sebledsdi tagerdet s

t he out put f fookr W Hr]?gigge Lde §8sVbRagaansor 15 and downstream
si de press ehts&eur?tlslgrcovm&?ﬁ ﬁ%t‘e a Cl§J| at 8%rsout put drift amounts, thereby
correcti ng the tAtmep a3 ,uheredativetratio A (Ehoftdrit at@aetemﬁeretthteFiswettrmewpiemahmre

changes, accur at el ro An appar at us_for
corr a8 ng Tasinst el flalivd rtte ding e BT inSiule i P g oG e PRERBuRed o)
nmenory ”Earh%e%h%ﬁﬁta e Velsatal Rt R QRidtrEatvd tatid A @YR8d ﬁtetubevamtnaoﬂe%r o 20
point output drift of the pressure sensor at zero pressure, and the
t enper at ur eprassure valigee e Sridgemperaire egreastagisessuigey oaBIN L is @ ac¢usate @peirqanl nt
out put drif e
zer 0- poi nt éd%%?gu}dg] ﬁ‘I’ f‘x i eg %eg%c?e%g%élg Sg&e% &%ﬁreqﬁqs {Eﬁg&%da\éetﬁ? g%ed anount
of the zer otep@emtureubrpem]odrméahs 68.her eby correctr ng the tenperature drift.
256 An appar at far. correct.l ature drrft as clained in clarml
3 6r 4, \Ahereﬁz} lﬁés %%thﬁa%ﬂ nggﬁ%s rage captrgliageprding i Hiy Rrgsent
t e mper at ur enQfntddausfgtl shefk- &pe P8l IﬁtétcBHfrolCHp'pEEau@fw&&lﬁopWrﬁés%&{&r A6nLS OF
under any arbitrary pressure, and he anmount "0of the span output drift is
cal cul at ed dritzal cm@tmndmsandaamuWne flove rateeprircltapparat 2f itid aipehauigés, and
t he caIcuI ed anmpunt .of t an, out put...dri ft s add t.ract ed
ffom 30°t hebguhp AEicP iuPReIE P SRehntienbyilify EErPatdlofily ThiEhe
t enper at ur eﬂdmnfgtfron?the/%tfﬁenaﬁ aatwe%tﬁanrsoﬁmreﬁﬁ:ttyng tenperature drift as
clainmed in any of clains to 6 for use in a gas supply system_ wherein a
gas i 30f1 owed asWhen(th férmdaswdteheowré%@w@%trmﬂQrwqatlethsvretlﬁ?é floasrates
controll ed.

“A3[S. An. Al_ﬁorxggl,ge X\or ai_&ulg\ pg\ssA%g tRﬁ)uEH a'rbl\[orlf e ESdeRIYIe% fto%?ernoulh S_t%e[o_re&g \\}1htch

p@) 0#67?} Wholds good for an incompressible fluid, and is given as:
Q=KP,"2 (P, - Pp)'”
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By providing such electronic circuit and software systems, and installing the flow

rate calculating means 17 for calculating Qc = KP,'? (P, - P2)'? in the control circuit 16,
and at same time by providing the comparison means 19 for calculating the flow rate
difference AQ = Qs - Qc, the flow rate is controlled to obtain a target flow rate. The
operation and effects of the other components are the same as those in FIG. 1 and will not
30 be explained further.
FIG. 12 is a schematic diagram of flow rate control according to the present
invention using an improved pressure-type flow rate control apparatus which operates

under non-critical conditions. In said pressure-type flow rate control apparatus 2, it is a
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Improving on this approximate formula the inventors have found a formula that can
represent actual flow rates with great precision.

In the improved flow rate formula, the equation:

Qc=KP," (P, - Py)"

10 is used. The two parameters m, n are introduced as fitting exponents, that is, for
matching actual flow rates to the flow rate formula. The values obtained were m =
0.47152, n = 0.59492. Using these values, actual flow rates can be calculated with great
precision.

In this embodiment, the flow rate calculation means 17 is provided using the

15 improved flow rate formula. Except in this respect, this embodiment is wholly the same as
the embodiment shown in FIG. 10. That is, the systems for correcting the temperature
drifts of the upstream side pressure sensor 10 and the downstream side pressure sensor 12
are the same as those in FIG. 11, and will not be explained further.

The present invention has just been described with regard to pressure-type flow rate

20 control apparatus, but it can also be used for the correction of temperature drift (zero-point
output drift and span output drift) of the pressure sensor itself. Furthermore, the present
invention can be used to correct the temperature drift of a pressure control apparatus with a
built-in pressure sensor.

Needless to say, the present invention is not restricted to the above-mentioned

25 embodiments. It is to be understood that the present invention covers a variety of examples
and design changes within its technical scope, without departing from the spirit or scope of
the present invention.

Effects of the Invention
The invention of claim | provides a pressure sensor that can accurately detect

30 pressure by providing a temperature drift correcting means by which the temperature drift
of the output of the pressure sensor can be cancelled.

The invention of claim 2 provides a pressure control apparatus having a pressure

sensor and a control valve, which can control pressure with precision, whilst accurately
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memory means when the fluid temperature changes, and negatives the output drifts of the
upstream side sensor and downstream side sensor with the calculated output drift amounts.
As aresult, even if a pressure sensor having any temperature characteristics is used, the

20 upstream side pressure P| and downstream side P, can be accurately detected merely by
storing the temperature characteristics of the pressure sensors in the memory means.
Hence, in a pressure-type flow rate control apparatus where Qc = KP,'" (P, - P2)"?or Qc =
KP,™(P; - P;)"is used, the flow rate can be accurately controlled.

According to the invention of claim 5, since the relation at zero pressure between

25 the fluid temperature and the zero-point output drift of the pressure sensor is stored in the
memory means, the amount of the zero-point output drift can be calculated from data in the
memory means, even if the fluid temperature changes to any level, whereby the zero-point
output drift of the pressure sensor can be negated on the basis of the calculated zero-point
output drift amount, thereby correcting the temperature drift.

30 According to the invention of claim 6, since the relation under any arbitrary
pressure between the fluid temperature and the span output drift of the pressure sensor is
stored in the memory means, the amount of the span output drift can be calculated from

data in the memory means even if the fluid temperature changes to any level under any
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data in the memory means when the fluid temperature changes, and negating said output

—

drift of the pressure sensor with said calculated amount of the output drift, thereby
correcting the temperature drift, such that even if the temperature of fluid changes, the

10 fluid pressure can be measured accurately.

2. An apparatus for correcting temperature drift for use in a pressure control apparatus
comprising a control valve for pressure control and a pressure sensor for measuring the
pressure of a fluid, the apparatus for correcting temperature drift comprising a memory
means for storing a relation between the fluid temperature and an output drift of the

15 pressure sensor, and a temperature drift correcting means which calculates the amount of
the output drift of the pressure sensor from data in the memory means when the fluid
temperature changes, and negatives the output drift of the pressure sensor with the
calculated amount of the output drift, thereby correcting the temperature drift, such that
even if the fluid temperature changes, the pressure of fluid is accurately controlled.

20 3. An apparatus for correcting temperature drift for use in a pressure-type flow rate
control apparatus comprising an orifice for flow rate control, a control valve provided in a
pipe on an upstream side of the orifice, and an upstream side pressure sensor provided
between said orifice and the control valve for detecting an upstream side pressure Py, such
that the flow rate of a fluid passing through the orifice can be controlled on the basis of the

25 upstream side pressure P, the apparatus for correcting temperature drift comprising a
temperature sensor for measuring the temperature of the fluid, a memory means for storing
a relation between the temperature of the fluid and an output drift of the upstream side
pressure sensor, and a temperature drift correcting means which calculates the amount of
the output drift of the upstream side sensor from data in the memory means when the

30 temperature of fluid changes, and offsets the output drift of the upstream side pressure
sensor with the calculated amount of the output drift, thereby correcting the temperature
drift, such that even if the temperature of fluid fluctuates, the flow rate of fluid can be

accurately controlled.
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downstream side pressure P, the apparatus for correcting temperature drift comprising a
temperature sensor for measuring the temperature of the fluid, a memory means for storing

10 a relation between the temperature of the fluid and output drifts of the upstream side
pressure sensor and downstream side pressure sensor, and a temperature drift correcting
means which calculates the amounts of the output drifts of the upstream side pressure
sensor and downstream side pressure sensor from data in the memory means when the
fluid temperature changes, and offsets the output drifts of the upstream side pressure sensor

15 and downstream side pressure sensor with the calculated output drift amounts, thereby
correcting the temperature drifts, such that even if the fluid temperature changes, the flow
rate of fluid is accurately controlled.

5. An apparatus for correcting temperature drift as claimed in claim 1, 2, 3 or 4,
wherein said memory means stores a relation between the fluid temperature and a zero-

20 point output drift of the pressure sensor at zero pressure, and the temperature drift
correcting means calculates the amount of the zero-point output drift when the fluid
temperature changes and negatives the zero-point output drift of the pressure sensor with
the calculated amount of the zero-point output drift, thereby correcting the temperature
drift.

25 6. An apparatus for correcting temperature drift as claimed in claim 1, 2, 3 or 4,
wherein the memory means stores a relation between the temperature of the fluid and a
span output drift of the pressure sensor under any arbitrary pressure, and the amount of the
span output drift is calculated from the memory means when the temperature of fluid
changes, and the calculated amount of the span output drift is added to or subtracted from

30 the output of the pressure sensor, thereby correcting the temperature drift.

7. An apparatus for correcting temperature drift as claimed in any of claims 1 to 6 for
use in a gas supply system, wherein a gas is flowed as a fluid, and the pressure or flow rate

of the gas is controlled.



