METHOD FOR DETECTI NG MALFUNCTI ON OF VALVE ON THE
DOMSTREAM SI DE OF THROTTLE MECHANI SM OF PRESSURE TYPE
FLOW CONTROL APPARATUS Technical Field [0001] The
present invention relates to a nmethod for detecting
the mal function of a valve installed on the
downstream side of a throttle nmechanismof a pressure
type flow control apparatus by nmeans of nonitoring a
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Technical Background

[0002] In recent years, a pressure type flow control apparatus has been
increasingly used in gas supply facilities used with semiconductor manufacturing,
chemical products-related facilities, and the like, replacing a thermal type flow
control apparatus. The simple structure of a pressure type flow control
apparatus makes it possible to reduce production costs and downsize the
facilities. Furthermore, a pressure type flow control apparatus rivals, or
exceeds, a thermal type flow control apparatus both in accuracy and
responsiveness.

[0003] In these gas supply facilities, and the like, it is a common practice to
regularly inspect devices and valves, in particular which constitute a gas supply

facility, to see the operational conditions. Inspection activities on gas supply



[0004] In response to such a demand as descri bed

above, applicants of the present invention have

devel oped a nethod for detecting the mal function of a
val ve while gas is supplied using a pressure type flow
control apparatus as shown in Figure 9, and discl osed
the nmethod in Japanese Patent Application No.
2005-253996. I n particular, techniques in the
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condi tions of valves V1, V2, V3, and to check for the
supply §aclities. of sheet | eaks(hereinafter called a
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[0Q06] First, the mal function check starts with Ste
congtiont i, valvess W, Y. Voaland tichack: fossihe existoaca,t sheet
sw tched from "open" to "closed", and valve V3 is _
leakb heseinafter called me'nheslsar withishe, gas supplypiasiitye As shewn in
the downstream side of the FCSis filled with N2.
Fighleex 9, thee v&lvep \G2V21 e ark shéckesidwith@gsemovitig thfe valees-Us V2,
is checked to see if the increase/decrease L P1 of

V3t fémprgipe Upassiigdss #RIsO duhigving éexcdlleat pravtieal téffdcts. In
APl is not zero and Pi goes up, it is determ ned that
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gas, FCS designates a pressure type flow control apparatus, 1a, 1b, 1c
designate pipe passages, and E designates a process chamber.

[0005] In accordance with the gas supply facility shown in Figure 9, in order to
determine whether valves V1, V2, V3 are operating normally or not (i.e., being
open or closed), checks are conducted by following the steps shown in Figure
10.

[0006] First, the malfunction check starts with Step So. Then, at Step S1, valve
V1is closed, valve V2 is switched from “open” to “closed”, and valve Vsis closed.
After these operations, a pipe passage 1b on the downstream side of the FCS is

filled with N2. Next, at Step S2, the displayed pressure P1of the FCS is checked

to see if the increase/decrease AP1of the pressure P1is zero or not. In the



ei ther sheet |eaks or operational irregularity is
present). And, in the case that Pi goes down, it is
determined that V3 is abnornal (i.e., sheet |eaks or
operational irregularity are present) (Step S3).
[0007] Next, at Step S4, a process gas (i.e., a use
gas) G is flowed into the FCS by making val ve V1
open and val ve V2 close, and the displayed pressure Pi

of the FCS. is checked Step S5..1n the case when a .
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functioning normally (Step S7); on the other hand, in
abp@Emal.candtinwith RERET Yalve 1 oT walveV2par both valves Vi and Vz (i.e.,

_determned that valve Vi is malfunctioning (Step S6),
eithef;sheetdealss oaoperationab irtkgulanity ivpragent). e Andhfinthedase that
Then, after V1 is closed and V2 is opened at Step S8,
P1t geeslidowrgyieds pdetesmireedPithatf \ishis BBRormal (ire ¢ kehdbet Jeaks or
Ss). In the case when there is no rise of P1, it is
operitohal Meguldity are/ presenyIStép 88Y. f unctioning (Step
Sio), thus the operational conditions of valve V2 are
fi d whe rd Pig i ;
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and V2 are functioning normally, it is determ ned
case fatthers isenw3ispsofrf, filiscdetermingd that palge 3+ is Imalfunstioning
result of Step S2 is "YES', then, it is determ ned

(Stepd¥s) athustthe oparatimal/tondifions/af Y ard oowfirmed. ng hen, after Viis
normally (Step S14). [0009] After it is determ ned

closbdtand&2d8 openedtdtabteg Saltnesdidflayd® préSsure Padfl the3FCS is
operating normally, sheet |eaks are then checked at

ch&tiRl Step StP dRltRE Chee whehahBRY istiierisP 8f P1 liPR@etermined that
conditions of the valves are normal or not, there

valv&"\&lis malfunctioning (Step S10), thus the operational conditions of vaive V2
are confirmed. On the other hand, when a rise of P1 is observed, it is
determined that valve V2 is functioning normally (Step St1).

[0008] Then, at Step S12, it is determined whether or not the malfunction of
valves found at the Step S:zis applicable to the operational malfunction of a valve
V3. Specifically, if the result of Step Szis “NO” (that is, one of valves V1, V2, Vzis
malfunctioning), and valves V1and V2 are functioning normally, it is determined
that a valve V3is malfunctioning (Step S13). If the result of Step Sz is "YES”,
then, it is determined that all the valves V1, V2, V3 are functioning normally (Step
S14).

[0009] After it is determined that the aforementioned valves V1, V2, V3 are all



prerequisites that (a) there should be no outside

| eaks (i.e., leaks fromjoints, bonnets, and the |ike)
with valves Vi, V2, V3, FCS, pipe passages 1 a, 1 b, 1
c, and the |ike, except sheet |eaks, (b) driving
parts of all valves are under normal operation, (c)
the FCS is functioning normally, and (d) V1 and V2 are
not simultaneously rel eased. [0010] Fbmever as shown
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tenperature Ti on the upstreamside of a throttle
prefegHisites tha such as an orifice, a sonic nozzle, or
the like, (Japanese Unexam ned Patent Application
(aythiere shouldbenio ogtsiiedesks fic. deaks frpm joinds, dfamnets, famd the like)
exanpl e, even when the valve V3 on the downstream
withi vidves Vi N, Mar BCS|, pipeesdssagesiias 1b) tsethd thedikehexcept sheet
flow rate of a gas passing through the throttle
led@shanism 8 is found to be zero, a gas flowrate Cf
is conputed by a flow rate conputation apparatus 20 of

(b)?%r‘i\}érg%’f)?ggto? aft QERAE rk Unael QBHh%]I (gp%r%oa Jas pressure Pi

t 0 pl pe passage i's conmputed

[ ! out put signal Qo.
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tg th Ifuntlo valve V3, a flowrate
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@éﬂur e 11, 2 designates a control val
[0Q1; g/Hqwevey, s showairFigure 11, bersystem Iqaonsi%hegrﬁ@ttégt with

a flowrate setting circuit, 16 designates a _
a preapuredype flovmontrol apparatus FCSsaftowdeate ghatgas passing through

conmparison circuit, and Q designates a control signal
a theptt€emechddigm is computed on the basis of the gas pressure P1and gas
temperature T1 on the upstream side of a throttle mechanism 8 such as an orifice,
a sonic nozzle, or the like, (Japanese Unexamined Patent Application
Publication No. 8-38546 and others).  Therefore, for example, even when the
valve V3 on the downstream side of the throttle mechanism is closed, and the
flow rate of a gas passing through the throttle mechanism 8 is found to be zero, a
gas flow rate Qf is computed by a flow rate computation apparatus 20 of a flow
rate computation circuit 13 if gas pressure P1is applied to pipe passage 3, thus
what is computed is outputted as a flow rate output signal Qo. Specifically,
even when there occurs no gas flow due to the malfunction of releasing valve V3,
a flow rate output signal Go is outputted to the outside. In Figure 11, 2

designates a control valve, 12 designates a flow rate output circuit, 14

designates a flow rate setting circuit, 16 designates a computation control circuit,




[0011] Asa result, for exanple, at the tinme when
openi ng/ cl osi ng operations of the valve V3 on the
downst ream si de of the FCS are conducted while the gas
supply facility is at work, there is no way to find
out directly if a malfunction of the releasing
operations of the valve V3 exists or not. [0012] The
reason for this is, as described above, that even when
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_é&fte of closure), a flowrate output signal Q is
putted to the outside if there exists pressure Pi
the upstream side of the throttle nmechanism8. In
IOQ&MerASm result, ifer exarapleyatthettiae whenepening/slosisie: opgrations of
all the time fromthe viewpoint of a flow rate output
the ivglvel VQon dhe dommnstrean side\af thet GES| grer eonducded svhileettie gas
due to mal function of the valve V3. [0013] Patent
supplyfereitity i8 at hvapiarthere ishrweay tefindPatitdirecyif a edlfumation of the
Publ i cati on No. 8-338546 Patent Docunent 2: Japanese
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the problemthat accurate determ nation of the

otherl Words, iibiis assumed that vaive sdaskepy opgreelitthentimer from the
the valve on the downstream side of the throttle

viewgdiainofsanfloanraté output signal Qo even when valve Vs actually remains

closed due to malfunction of the valve Va.
[0013] Patent Document 1: Japanese Unexamined Patent Application
Publication No. 8-338546

Patent Document 2: Japanese Unexamined Patent Application

Publication No. 2000-66732

Disclosure of the Invention

Object of the Invention

[0014] It is an object of the present invention to provide a method for detecting
the malfunction of a valve on the downstream side of a throttle mechanism of a
pressure type flow control apparatus with which the aforementioned problem of

detecting the malfunction of the valve on the downstream side of the throttle



be perforned by using the pressure P1 on the upstream
side of the throttle mnechanism of the pressure type
fl ow control apparatus (or a flow rate output signal
Q) due to the structure of a pressure type flow
control apparatus so that a flow rate output signal
Q@ is outputted externally due to the pressure Pi on
the wupstream si de of the throttle nechani sm V\,hen
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the downstream side of the throttle mechanismon the
opgtafionssf the yalye ondhe dewnstream side ob thepthwottle gneghanism cannot
fromthe pressure type flow control apparatus at the
bet perfornach biyhesing | the pressure $ovamsthecaipsteam sitlet dfethe throttle
throttl e mechani smis undergoi ng openi ng/ cl osi ng

megbhanisn witheigressiirettype floweeohtrel apparatusoyorce mowotate output
apparatus having to be converted to a mal function
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Achi eve the Ooj ect [0015] The present i nventi on,
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wherein t essure t Oow con appar atus 1s

t S d to
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on the upstream si de of the throttle nmechanism and a
acRigningoR PEOTVBL, 2ackrate: determinatiansiafemaifupetion raf other @pening
mechanismis operated to 6 open or close by making a
opgratioprafitbe vebewee the dewnstoeamaide obtheuthaottlermechanism@in the
of the fluid and a flowrate setting value Qe to be a

basisof cheinges wftthelflow cataloufput sighaisQotfiom fthewressure type flow
conputation value ¥ of the fluid is outputted as a

coffroMappdratusost Y tifiedWhlenUbe valvéloretHendoRAshedmssitdeash the
side of a throttle nechani sm of

throttle mechanism is undergoing opening/closing operations without the

pressure type flow control apparatus having to be converted to a malfunction

detection mode by the gas supply facility.

Means to Achieve the Object

[0015] The present invention, as claimed in Claim1, is used in a gas supply
facility wherein the pressure type flow control apparatus is so made that the fluid
pressure P1is adjusted to make the flow rate control signal Qy to be zero by
computing the flow rate Qf of fluid passing through the throttle mechanism by
using the fluid pressure P1on the upstream side of the throttle mechanism, and a

control valve 2 on the upstream side of the throttle mechanism is operated to



the pressure type flow control apparatus is rel eased
and a flowrate setting value Qe to be inputted to a
pressure type flow control apparatus is changed in
order to detect the magnitude of changes AV of the
aforenentioned flow rate output signal Qo while the
flow rate setting signal Qe changes. This determ nes
whet her the rel easing operations of the valve on the
downstream si de of t throttle chani sm are .
OPE roRe R ARG SMEFecRaetesn ThE e Sk Riation yalue
of changes of the flow rate output signal % is found
Qfiof t'aﬁeﬂwam a flew rpte-sriting NalvedRe 40 be a itaw rale contref signal Qy.
hand, the rel easing operations are malfunctioning in
Thupetheaflaw viater eomputationwaiue G of the/floid istourdprtted as feollow rate
to be below the predeterm ned value. [0016] The
oufput Sigrial iQu.enA ivaiveasn thelidoamstread sidendf aathrottidi mgchanism of
Caimlis so nmade that, when changing a flow rate
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flow control apparatus, a flow rate setting value Qe
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zero by neans that a flowrate Q of fluid passin
throfllegmghhanishy aret fupcliening mosmally in thecesreuthetithisymasnivede. AV
the fluid pressure Pi on the upstream side of the

of tdivangek eof rthe hilow sratandutput csigmall Qealis/ fo@ndntat Ibe above the
upstream side of the throttle mechanism is
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flow rate conputation value X and flow rate setting

malfinefortiBg P thiecasd WRBtEIRIR: Maghit@de SAYNGH cHanges ound to be
below the predetermined value.
[0016] The present invention as claimed in Claim 2 according to Claim 1 is so
made that, when changing a flow rate setting value Qe to be inputted to a
pressure type flow control apparatus, a flow rate setting value Qe’ larger than a
steady-state flow rate setting value Qe” or a flow rate setting value Qe’ smaller
than a steady-state flow rate setting value Qe” is inputted as a flow rate setting
value Qe.

[0017] The present invention as claimed in Claim 3 is used in a gas supply
facility wherein a pressure type flow control apparatus is so made that fluid

pressure P1 is adjusted to make a flow rate control signal Qy to be zero by

means that a flow rate Qf of fluid passing through a throttle mechanism is



the aforenentioned flow rate conputation value f of
fluid is outputted as a flow rate output signal Qo, a
val ve on the downstream side of a throttle nechani sm
of the pressure type flow control apparatus is closed
and a flowrate setting value Qe to be inputted to
the pressure type flow control apparatus is set to
zero, to detect the magnitude AV of changes of the
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of changes of the flow rate output signal Q is found
value G anddlaw rate setiéngevaluei Qe o bel aifiowiraterconteol signal Qy, thus
situation where the releasing operations are

therafdremenitioned dlow ratevbomiputation vaige Qi @fiifluiddie odiputted as a flow
changes is found to be bel ow the predeterm ned val ue.
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signa) Qe while # 43, changing aftgrihefiawirate spiting value Qe hawirg been set
control signal Qy to be zero by conputing the flow

to1zgre Thisddistinglighgsathsi aituationowhereathenreleasing mpshationsrof the
by 8 using the fluid pressure Pi on the upstream side

vable amthet downstreamsideof thenthrtiie mechanisnmoarefainctiorfingmormally,
the upstream side of the throttle nmechanismis

in aubidtatask the mageifudy L&VQﬁ%hngé@bf iHe fowl ratedi@pPatssignal Qo is
between the flow rate conputation value @ of the

folnditd BEGaBoVd e rI b8effhidddd vaRleU eSSl tHe Rfubfiéh fldre the

rate control signa
releasing operations are malfunctioning, in which case the magnitude AV of

changes is found to be below the predetermined value.

[0018] The present invention as claimed in Claim 4 according to Claim 3 is so
made that the flow rate setting value Qe to be inputted to the pressure type flow
control apparatus concurrently with the closure of the valve on the downstream
side of the throttle mechanism or with the delay of a given time At is set to zero.
[0019] The present invention, as claimed in Claim 5, is used in a gas supply
facility for which a pressure type flow control apparatus is so made that fluid
pressure P1is adjusted to make a flow rate control signal Qy to be zero by

computing the flow rate Qf of fluid passing through a throttle mechanism by




Q. Thus, the flow rate conputation value X of the
fluid is outputted as a flow rate output signal Qo, a
val ve on the downstream side of the throttle nechani sm
of the pressure type flow control apparatus is

rel eased and a flow rate setting signal Qe is
inputted to the pressure type flow control apparatus,
in order to detect the nmagnitude AV of changes of the
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determined to b_e functi oni ng normal ly in the case that
OREReOr ﬁlagﬁihyu@ékm iferencr betyeamthe flowy rate eompuigalion value
QKs/éﬂgnal is found to be above the predeterm ned

the; fluich antiea floweatensetting valuer Qedadientheofiaw aatecrontenl signal
determined to be mal functioning in the case that the

Qyraljnist, thie fléW r@Ete coapytstion vallie @idoft thebffuidhds owtputied as a flow
predeterm ned val ue. [0020] The present invention as

rat eutpatisigRalal avaivecsPthd d&mﬁ@tréarﬂlsiﬂéoﬂ tﬁe&ﬁrotﬂ@ﬁféchamsm
that the magnitude of the drop rate of the flow rate
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valygonthe dowunsiream sidg Qﬁ'i‘ﬁéhf"éﬂ% gachapisrmhas keeareleased. The

or a sonic nozzle is used for the 9 throttle
releasingnioperatiopsf of ttheovalve eon nthen dowmstreeapsideneof the throttle

present invention is so constituted that changes are
mectéamisrhyanee detertimed do f e unctionirege triarmally dh utheQeasd that the

pressure type flow control
magnitude AV of changes of the flow rate output signal Qo is found to be above
the predetermined value; on the other hand, the releasing operations are
determined to be malfunctioning in the case that the magnitude AV of changes
is found to be below the predetermined value.
[0020] The present invention as claimed in Claim 6 according to Claim 5 is so
made that the magnitude of the drop rate of the flow rate output signal Qo is
detected by means that the flow rate setting signal Qe is inputted to the pressure
type flow control apparatus with a delay of the predetermined time At after the
command to release the valve on the downstream side of the throttle mechanism
has been transmitted.

[0021] The present invention as claimed in Claim 7 according to either one of

Claim 1 to Claim 6 is so made that an orifice or a sonic nozzle is used for the




apparatus is switched to "ON' or "OFF" either
concurrently with opening or closing operations of a
val ve on the downstream side of a throttle nechani sm
of a pressure type flow control apparatus, or with a
delay of a given tinme At after opening/closing
operations of the valve on the downstream si de having
been made, thus determ ning whether the valve on the
th %ﬁmst%ﬁam side of the throttle nechanismis
f ARG Mor mal 1y or not by observing the changes
of a flow rate output signal Qo between opening or
cl osi ng operations of the valve on the downstream
side of the throttle nmechani smand al so between " ON'
Effects oFthe lpventiore fl ow rate setting value Qe. As a
result, it can be determ ned whether opening
oper af0GR2] ofhe preseat inwention isesal constitutedrthat cleangjestdre made
throttle nechanismof the pressure type flow control

byTReeHY fHatad Flow Ratel SSHiIAG valee M@eé |of @rpreSéureclpiel flownsbntrol
sinply, while a gas supply facility is at work. This
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Is overcone easily. 10 Brief Description of Draw ngs
meclirg$mAsdunetidnisg ovssmally oFxzotdhye obserming thes ahangespef a flow
fl ow control apparatus FCS used with the present

ratengetput signaFQoLbstwéenopenimxecebsing aparatidred of the valve on the
draw ng of a nethod for detecting malfunction of a

ddmégg??@% 6 thfotfle MEcHaisn FPENASS BEWEH"ORE or “OFF” of
the flow rate setting value Qe. As a result, it can be determined whether
opening operations of the valve on the downstream side of the throttle
mechanism of the pressure type flow control mechanism are functioning
normally or not, easily and simply, while a gas supply facility is at work.  This is
accomplished without installing or adding an extra testing device and without the
pressure type flow control apparatus being switched to a malfunction detecting
mode for the gas supply facility, but simply by monitoring a flow rate output
signal Qo of the pressure type flow control apparatus. Thus, the problem that
“the existence of a flow rate output signal Qo of a pressure type flow control

apparatus does not lead directly to the opening operations of a valve on the

downstream side of a throttle mechanism” is overcome easily.

10



type flow control apparatus in accordance with

Enbodi nent 1 of the present invention. Figure 3 shows

the relationship of timng of a flowrate setting

input signal Qe to the pressure type flow control

apparatus FCS, a valve releasing current 1V2 to a

val ve V2 on the downstream side of the throttle

nmechanismand a flow rate output signal Q fromthe

FCS with Enbodi nent 1, where (a) shows the case when

the flowrate setting signal Q' at the tine of

t i nNg. i.S de to be larger than a steady-state flow
Brl'%tﬁ:ﬁee%cg'f’k'f)ﬂé’?grﬁ‘NQQSQe" and (b) shows the case when

the flow rate setting signal Q' at the tinme of
[0923) i Rigure; 1 shaws ene Bxarpig Pba pressuretiype flewdsordtohapparatus

flowrate setting signal Q". Figure 4 is an execution
FCS pised avithy thecprasemigneéntionret hod for detecting the

mal functi on of the valve on the downstream side of the

t hr ot Figuretisam executiohtexplEnatogsdrawing ¥ methvd for detecting

control apparatus, in accordance wth Enbodi nent 1 of

mAIREGIOASEMA ValeabivAStredThdoF & tRroH WedhaRish® 'vﬂffi e Brdsure
of timng of the flowrate setting input signal Q'to
e O e n
g AoCPont LS BBRHBfcE WELHAinbAY Ikt presen
treamof the throttle nechanism and the flow
rate output signal Q fromthe FCS with Enbodi nent 2,

where_11 hows, t he, case, when the closure of the
val veFWré)g’? ?ﬁ%wa&msf@#aémﬁeipdepﬁmmg H&atﬁ?‘ﬁtrﬁ% setting input
. e %ni smand the closure of the FCS are_conduct ed _
Slgr@i ¢ tathe pressyadype flow gaatreloapparaius FeS, @avalvaneleasing
the flowrate setting input Qe to the FCS is nmade to
cugent Nerte a(valee Yk ob the downstieamGiie of the thrattle ayeatfanismand a
Lt =0.2 sec after the closure of the valve on the
flodonartes butpatnsignaé Quf frérhethé FCS With Erabbdifienn1, where
respectively.

(a) shows the case when the flow rate setting signal Qe’ at the time of testing is

in

made to be larger than a steady-state flow rate setting signal Qe” and
(b) shows the case when the flow rate setting signal Qe’ at the time of testing is
made to be smaller than the steady-state flow rate setting signal Qe”.

Figure 4 is an execution explanatory drawing of a method for detecting
the malfunction of the valve on the downstream side of the throttle mechanism
with the pressure type flow control apparatus, in accordance with Embodiment 1
of the present invention. |

Figure 5 shows the relationship of timing of the flow rate setting input
signal Qe to the FCS, the electro-magnetic current IVz2to an electro-magnetic
valve EV which actuates valve V2 downstream of the throttle mechanism, and

the flow rate output signal Qo from the FCS with Embodiment 2, where

11



Figure 6 is an explanatory drawing to show the
relationship of a drop rate of a flow rate out put
signal Q of the FCS by nmeans of the multi-step

nmet hod shown in Figure 5(b) and a tine AN with a del ay
in the operation of the valve V2 on the downstream
side of a throttle nmechanism Figure 7 is an

expl anatory drawing simlar to Figure 6 with

odi nent 3 (.the, case whe he [\hLuncti on i :
(e BhaM e gaps e b6 oot the Tl Vi F e Rghhsteam side of
out put signal Qo of the FCS at the tine of start-up of
the thraltie echapisn aNddhe QRRUre|of APECS ate perdugfednegel at the
of the multi-step nethod). Figure 8 shows the state of
sathatiows aptl t he flow rate output signal Q of the FCS
i n Enbodi nent 3 where (a) flow rate setting input
(b) shews the cad® wheb\the flopbnaté settingdnputs@e to the FESLs nGade to be
is set to 50% and (c) flowrate setting input Qg is

z&i61(tHeOclb8 el of thBF CSpRithfa @éIQY ot limeal/vie=0.2 deteafter the closure
downstream side of the throttle nechanism and in the

oftAE Vafe diPtHe é&hné’t?éé’rﬁ%idé‘oﬂ%f%h}o?ﬁé mechéHisfh &asz)@@ﬂ@ely.

one exanple of a gas supply facility for whic

converkiy GaR {PLAISHIREAiNG 58 8HER. 1BRRRIRINAID 8 a drop

used. gure is'a chart a net

55574 A B, Gl B T oY g of 8 i st

B i LB e K3 de§ERbRBpsron of e
pressure type flow control apparatus. Reference

vatyeVaondhe dewmnseasy side of aghrgtilemeshanis.r at e setti ng

value (a flow rate setting signal) _ ]
Figure 7 is an explanatory drawing similar to Figure 6 with Embodiment

3 (the case when the malfunction is determined from the rate of changes of a
flow rate output signal Qo of the FCS at the time of start-up of a pressure type
flow control apparatus FCS by means of the multi-step method).

Figure 8 shows the state of changes of the flow rate output signal Qo of
the FCS in Embodiment 3 where
(a) flow rate setting input Qe is set to 100% (5V),
(b) flow rate setting input Qe is set to 50%, and
(c) flow rate setting input Qe is set to 5%
(in the case of one (1) valve on the downstream s‘ide of the throttle mechanism
and in the case of four (4) valves in parallel).

Figure 9 shows one example of a gas supply facility for which a
conventional pressure type flow control apparatus is used.

Figure 10 is a flow chart of a method for detecting the malfunction of a

12



Q" A steady-state flowrate setting value Q' A flow
rate setting value Q A flow rate conputation value &
A switching flow rate conputation value Q A flow
rate output signal Qy A flow rate control signal Pi
Gas pressure on the upstreamside of a throttle
mechanism K A flow rate conversion rate |1V2 A current
for operating a valve V2 OV Deviation of a flow rate

ut, signpal at the.tine.when a valve V2. on the
el 3L40< suBbbt bty Thind & nidsklie Bime tofceontiol apparatus
. rel eased " Aflowrate output at the tine when a
INGQTRALAlNG Hie RIVIUSIAVENIONT side of a throttle
mechanismis not released Qo A flow rate output at the
time Wiigweall s & basig bieck diagermes areanventional psessure type flow
throttle nmechanismis normally functioning EV An
centegltapparatyset i c val ve U A pressure supply line for
operating a valve 13 Pe A vacuumpunp VR A flow rate
val ve Pb Baratron vacuum punp PG A process gas N2 A
gas for operating a valve C A chanber V1, V2 Air

Rafdrentd Charadt¥RSand Numerals
[0024] Qe Aflow rate setting value (a flow rate setting signal)

Qe” A steady-state flow rate setting value

Qe’ A flow rate setting value

Qc Aflow rate computation value

Qf A switching flow rate computation value

Qo Aflow rate output signal

Qy Aflow rate control signal

P1 Gas pressure on the upstream side of a throttle mechanism

K Aflow rate conversion rate

IV2 A current for operating a yalve V2

AV  Deviation of a flow rate output signal at the time when a valve V2
on the downstream side of a throttle mechanism is not released

Qo’ A flow rate output at the time when a valve V2 on the downstream
side of a throttle mechanism is not released

Qo Aflow rate output at the time when a valve V2 on the downstream
side of a throttle mechanism is normally functioning

EV  An electro-magnetic valve

U A pressure supply line for operating a valve

13



PLC A progranmmable controller PL A data |ogger S A
gas supply source (N2) Q" A steady-state flow rate
Q' Aset flowrate different froma steady-state flow
rate 1 A gas supply 2 A control valve 3 A pipe
passage on the upstream side of a throttle nechani sm
4 A valve actuating part 5 A pipe passage on the
downstream side of a throttle mechanism 6 A pressure
detector 7 ,A tenperature detector 8 A throttle
rrechar’?%m SVRCYHI BUTPet 10 An anplifier 11 An
anplifier 12 Aflowrate output circuit 14 13 A flow
rate cpuhliewrateivalyet 14 A flow rate setting
circuit 15 Aflow rate conversion circuit 16 A
conputf i oBacatren vacwimpump 17 An A/ D converter 18 An
A/ D converter 19 A tenperature conpensation circuit

PG Aprocess gas

N2 A gas for operating a valve

C A chamber

V1, V2 Air actuating valves

PLC A programmable controller

PL Adata logger

S A gas supply source (N2)

Qe” A steady-state flow rate

Qe’ A set flow rate different from a steady-state flow rate

1 A gas supply

2 A control valve

3 A pipe passage on the upstream side of a throttle mechanism

4 A valve actuating part

5 A pipe passage on the downstream side of a throttle mechanism

6 A pressure detector

7 A temperature detector
8 A throttle mechanism
9 A gas outlet

10  An amplifier

11 An amplifier

12  Aflow rate output circuit

14



20 A conputation circuit 21 A conparison circuit 22
An anplifier Best Mdde for Carrying Qut the Invention
[ 0025] Preferred enbodi ments in accordance with the
present invention are explained hereinafter in
reference to drawi ngs. Figure 1 shows the conponents
of a pressure type flow control apparatus used with
the present invention. Figure 2 is an illustration of

a met faqr, tin l function of a valve on the
downst eanﬁ‘ﬂog\g}ag% g n%m Gt hani smin accordance
W th odi_pent 1 of.the present invention. [0026]

Ref er rﬁrg g‘é@‘f @tgiss[ﬂng drcUithe maj or part of a
pressure type flow rate control apparatus FCS

conpri Bes éf@a\srasgspnyerﬂonaclwtro| valve 2, a valve
actuating part 4, a pressure detector 6, a throttle
mechani@®m 8 commdatiarucortrolTjrcait f1 ow rate out put
circuit 12, a flowrate conputation circuit 13, a flow

rate s@tti AgA/Dicohwettei4, a conputation control
circuit 16 and others. In accordance with Figure 1, 3

desi gngg esAl AADRDREReAdJe on the upstream side of a
throttle 15 nechanism 5 designates a pipe passage on

t he doygpst Aqé\,ﬁgﬁﬂtéggge%?@p%ﬁ%é}%l &reu chanism 7

desi gnates a ector, 15 designates a

flow rgie A clrcuit, 10, 11, and 22

desi gnﬁé{ e %‘%‘g’w&q‘ﬁéﬂlog?c'%f'tand 18 designate A/D
convergers 19 desi ﬁnat es a t enper at ure conpensati on
ci rcuid! 2D cOERARIPLICUR ) ow rate conputati on

devi ce, 21 designates a conparison circuit,

desi grid esANAMRIfight ation flow rate signal, Cf

designates a switching conputation flow rate signal,

Qe designates a flowrate setting signal, Qo

designates a flow rate output signal, Q designates a
BéstdModefar CamyinglOwtitbeanverftiondesi gnat es gas pressure

on
[0025] Preferred embodiments in accordance with the present invention are
explained hereinafter in reference to drawings. Figure 1 shows the
components of a pressure type flow control apparatus used with the present
invention. Figure 2 is an illustration of a method for detecting malfunction of a
valve on the downstream side of a throttle mechanism in accordance with
Embodiment 1 of the present invention.
[0026] Referring now to Figure 1, the major part of a pressure type flow rate
control apparatus FCS comprises a gas supply 1, a control valve 2, a valve
actuating part 4, a pressure detector 6, a throttle mechanism 8, a gas outlet 9, a
flow rate output circuit 12, a flow rate computation circuit 13, a flow rate setting

circuit 14, a computation control circuit 16 and others. In accordance with

Figure 1, 3 designates a pipe passage on the upstream side of a throttie
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the upstreamside of a throttle nmechanism and k
designates a flow rate conversion rate. Wth
preferred enbodi nents shown in Figure 1, Figure 2 and
others, a so-called orifice has been used for throttle
mechani sm 8. However, it goes w thout saying that the
orifice can be replaced by a sonic nozzle or a

di aphragm val ve. [0027] The aforenenti oned pressure

mRkRAohT. & H8Pah Bles "C B Lo, o7 e PaPstroafienids pf oot
TRGBABAT nf AR9ENAUST 25 IPRRBLITS SSEior 15 demioReIeh chfow rate

side of the throttle nechanismis e?ual to or |ower
CoMERsiPREIterit: 1Q.a11, andi22designatelamplifiersiat7 and 18tdesignate A/D
time when the gas flowis in the critical state). A
conventersit 19 Qesighatessa MBpenayuernamgénsdtientdimuitt be designates a
mechanism 8 is given by Equation ¢ = KP1 (where Kis
flew patemoniputation tgvieeN21 designatdsiy 66HPaRs6Y §ﬁcﬁli Q de3|gnates
control apparatus is used to control the flow rate of

a @ofputatidh fidw Gae Siyhal Qf Wdh\/a\}ﬁ bté\nﬂ@hlrﬁﬂ utaélgn flow rate

non-critical states of some

s@mc h?ﬁrﬁ'@%%i f{/d(ieﬁn r%é%gﬁﬁl?féi@ﬁaﬂ Hoﬁd%@gjﬁéi é}f'o@v 134 output
SSEHEES, b ELERRY A IELALS 00 b o e o

downst ream si de_of .a rottl e nechani sm. However, the
thFuHB%\tf%q{PaF deoRE@ tﬂi'ftoitn!}nén%‘?ha("f‘ﬁ@e %"@hgr d?‘F'QW*@é‘n?r flow rate
stens are the sane as that of the pressure type
c V@W'%ﬁ@tﬁol With erefetred moshedivents shewgyin Eigure 1, Figure 2 and
Therefore, explanations are omtted herewth. [0028]
others, IaesqacQIMWeﬂanp@s beenvused forthrattle anechamisr8. tHawever, it
setting value of the control flowrate is given by a
gossl witheut/ shyingathat ltiee fdrifive r cre beefeplat@dsby lsofle: noZ#é or a
exanpl e, when the pressure control range 0-3 (kgf/cnR

digpteraged valge. pressure Pi on the upstreamside is
expressed by the voltage range 0-5V, it neans that

[0027] The aforementioned pressure type flow control apparatus FCS shown in

Figure 1 is mainly used in the case wherein the ratio P2/P1 of the gas pressure P+
on the upstream side of the throttle mechanism and the gas pressure Pzon the
downstream side of the throttle mechanism is equal to or lower than the critical
value of a fluid (that is, at the time when the gas flow is in the critical state). A
flow rate Qc of gas passing through the throttle mechanism 8 is given by
Equation Qc = KP1 (where K is a proportionality constant). A pressure type flow
control apparatus is used to control the flow rate of a gas, which can exhibit both
critical and non-critical states of flow. With some other types, the flow rate Qc
of gas passing through throttle mechanism 8 is given by Equation Qc = KP2"

(P1—P2)" (where K is a proportionality constant, m and n constants, and Pz the
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Qe =5V (a full scale value) is the flow rate Q under
the pressure Pi of 3 (kgf/cn2 abs). Mire
specifically, when the conversion rate k of a flow
rate conversion circuit 15 is set at 1 and the flow
rate setting signal Q=5V is inputted, a swtching
conputation flow rate signal & (Qf=kQ) becones 5V,
thus the control valve 2 is operated for

enina/cl osjng until the.pressyre Pi on.the upstream
o8B Pleqrg arptnggqulpstisam 5ide ShAThi e pEtaRyhS Hivaver, the
flowrate Q=KPi, corresponding to Pi = 3
f eHeheR)stitytangsof these gihemilow oatrek sysiamsnaregthe same as
Enbodi ment 1 [0029] Figure 2 is an explanatory draw ng
that of thetpressureutype flow eeoatrak apgatatusrdtGSdsiewn in Figure 1.
detecting the mal function of a valve on the downstream
Therafors, explanations bee omittechhemawith. accor dance with
Enbodi ment 1 of the present invention. Nanely, as
[CO28)N Ih thé-pBssaretypktfiow e6rtral Ripbaratus FOB) MRé skHingdalue of the
that a gas supply valve V1 and a valve V2 on the

cORYEISIVE fateSis Aiivert by e vbIagY %Iﬁerﬂ}cgfg'ﬂé\mréfeesettig% signal Qe.

connected to the upStream’si de an wnstream Si

f VA I 2F
FBL BERDIE, Bietifie aréiiure ol EfioctPONBHER Ab3) ofshe pressure
a a_logoer. DL are set..and follow ng the.
PERD0R, diyRanD SRE s i el Dyt ollabeRBoB e it means that
PLC, fl rate setting signal Qe is supplied to
Qg3 (@l 506, value) e e T 19 Qyneer the pressuge Ry of 3
pressure type flow control apparatus FCS, and a valve
(kablcensaby). siMprel spegificallya wheny thevgonversiopwratatie of a flow rate
setting signal Q¢ to the FCS and a flow rate output
cenvgraion@irctiit ddis set &iCSand ¢he flowradtedseiting signabti@ea5V is inputted,
| ogger respectively. Wth Figure 2, S designates a gas
asswitching dnfputaisri goat eite asighalnQe (Qffk0S0becomes 5V, thus the
Specifically, such a test systemas shown in Figure 2
coritfol D@sive fDNgRIperated for opening/closing until the pressure P1on the

upstream side gets to 3 (kgf/cm?abs). This means that gas of a flow rate
Qc=KP1, corresponding to P1= 3 (kgf/cm?abs), flows through throttle mechanism

8.

Embodiment 1

[0029] Figure 2 is an explanatory drawing of a test unit used for executing a
method for detecting the malfunction of a valve on the downstream side of a
throttle mechanism in accordance with Embodiment 1 of the present invention.
Namely, as shown in Figure 2, the test unit is so constituted that a gas supply
valve V1 and a valve V2on the downstream side of the throttle mechanism are

connected to the upstream side and downstream side of a pressure type flow
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in order to detect the mal function of valve V2 on the
downstream side of the throttle nmechanismof the
pressure type flow control apparatus FCS (operations
fromclosure to opening not being able to be
performed), and as shown in Figure 3, first a flow
rate value Q' which differs froma steady-state flow
rate value Q" 1is sent as a flow rate setting signal

nd then the flowrate settjin i gn

b aiifalis hes i Vebofereqtbarradianitpbie bestofig PLC and
[ tted. Fpgure 3(a) shows the case wherein the flow
a4 agé %Qqqrnggvﬁf%é andjallewing therpreserdhnd msogram from the
steady-state flow rate value Q", is nmade to be | arger
Progiaminable coptrofien BLE| aflow ate setlingesignal Qaisisupplieddo valves
3(b) shows the case wherein the flowrate setting
WaVzienda flowvrate isettirigf eirauitf 14 of a psessanly tyieaflewfdonwol apgaratus
value Qe", is made to be smaller than the

FES; g & valve réleasingedignaldvi e &aialve V9 3l flowsaehsdtting Bignal Qe
Figure 3, when the flowrate setting signal Q is

td theUEC8hridPa fIbW&aFé&@%ﬂ)s@né?b%‘?f iM% F@"SaélieofécBHféoeé‘ﬁ the

V2 (an exciting current) is supplied concurrently to

drhrfgghdﬂe\s‘ %egﬁ?ﬁeﬂ/e!)he WIRNESLR2D ¢ %sﬁng rré}? %B%g ;stsolélg?ee and C

I'ow rateout put
- | apparatus FCS 18 shows changes as
dé%'g\a%{ejg%vgﬁ%ﬂ%aernost parts of Figure 3(a) and (b).

ifecal ly, ,a deviation AV in a flow rate output

[Oigmr pﬁ&i‘%@@ﬁ sy I%&?ﬁ? évée"baﬁajhpwadn Tiguiend hagdeen formed
.that the valve V2 on the downstream si de of the

It Qs ttoedetapt Fgnmatiunstion tof rvalven Ya@nathe downstreamt gide of the
out put " in the case that the valve V2 is rel eased
thieltleemeghanismsofithe ipnessure pypes fltaw eontrotiappanatuseF GBefoperations
the valve V2 on the downstream side of the throttle
fromctiasurerto openirgemotrisimgphble tortd perisrehed), &6d as BloWhaA Figure
of nonitoring the flow rate output signal Q fromthe

3firesa fiow riate fallleCqe IAIER Qliffers Wbt&e&ﬁsstaié)ﬁ&ﬁlrﬁte value Qe”
Specifically, at the preparatory stage for finishing a

isRIetit @8 fidv? 741&84litting signal Qe to the FCS, and then the flow rate setting

signal Qe equal to the steady-state flow rate value Qe is inputted. Figure 3(a)
shows the case wherein the flow rate setting value Qe’, which differs from the
steady-state flow rate value Qe”, is made to be larger than a steady-state flow
rate value Qe”, and Figure 3(b) shows the case wherein the flow rate setting
value Qe’, which differs from a steady-state flow rate value Qe”, is made to be
smaller than the steady-state flow rate value Qe”.

[0031] As shown in Figure 3, when the flow rate setting signal Qe is inputted to
the FCS and a releasing operation current IV2 (an exciting current) is supplied
concurrently to the valve V2o0n the downstream side of the throttle mechanism,

the flow rate output Qo from the pressure type flow control apparatus FCS




operation or starting a process treatnent operation
for which a chanber Cis wused, the flowrate setting
signal Qe and the valve releasing current 1V2 are
supplied to a pressure type flow control apparatus FCS
and to a valve V2 on the downstream side of a
throttle nmechani sm respectively, through the

nmedi ati on of the programmbl e controller PLC, and

a 0 he flow rate _.outp
s@?g’%af:}q@&%sr f)a% gﬁ%&v&@gﬁﬁeoﬁyg '\7‘88% soﬁé:t'%wﬁi k??ga"d (b).
ﬁg%e@hq val,ve V2 t he downstream side of the

ERGaIe SURYIaHOR ANal B ralecadByt ASeHE betwaan aiiw rate
deviation AV is found to be above the set value, or
t{de" indhe cage thattheovalve deron theedewnstiearpsidg of the throttle
mal functioning in the rel easing operation, if the
mgchesifsnis etrelerseidanda flaw iate batpul Qaf' ihdhé ehsevthatethe valve

prescri bed val ue. Enbodi ment 2 [0033] Enbodinent 2 is

Virasi eeleased abrmallyg thusimakirey it poskibies to detepiirfe whktier\tRe valve
on the downstream side of a throttle nechanismis

Vdedectheddaivnbfr€arni BRIeO©f tthe tHretR! RidcBniRin hdy' ?Eéﬁsnormally
a

treatnment. Figure 4 is an explanatory drawing o

rdléséed dPndY HAS Of Mdﬁ?toﬁﬁ'a QFGJ% WO rafe Ol]ﬁ)el{f :s%‘f{a? db from the

EV desi gnates an operationa ect ro- mag val Ve,
' I CS upstream si de, Pe
p%??g%?@&@%tﬁ%@?ﬁ%@@%si gnates a Baratron, VR
| tes. a,fl rate val ve,, N2 desi gpates an
19521 3 5PitTicBlu, At e SreBatilancs1abB JOE TpIBRISS Rigess treatment

LOO?AE The detection of the operational malfunction of _

OPRALIPR YeStaRtinghatRTeCesR Higatmentpreration for mbigh aogharaber C is
mechani sm has been perfornmed in a manner such that

usethnthesflow rategsttingosignat Qepangduhesvajvelrel@asimgecurrent V2 are
monitored after a flow rate setting signal Qe to the

supgrsiedstosse pressure type(fldve cetfolsdppatiatus)FGS dnkdetota valve V2 on the
when a treatnment process is termnated, for two

downstrearh sides 6ba throtiEmeehaRisnt FesFetivBly thrEUGH tHe frﬁﬂlation of
e

the shutdown of a flowrate setting signal of
the programmable controller PLC, and then the state of changes of the flow rate

output signal Qo from the FCS is observed, thus determining whether valve V-
on the downstream side of the throttle mechanism has been released normally, if
the deviation AV is found to be above the set value, or whether valve V2 has not
been released properly or malfunctioning in the releasing operation, if the

aforementioned deviation AV is found to be below the prescribed value.

Embodiment 2
[0033] Embodiment 2 is made so that an operational malfunction of a valve V2
on the downstream side of a throttle mechanism is detected at the time of the

completion of a process treatment. Figure 4 is an explanatory drawing of a test
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pressure type flow control apparatus FCS and the

cl osure of the valve V2 on the downstream side of the
throttl e mechani smare conducted concurrently
(hereinafter called a normal step), and in the other
case, as shown in Figure 5(b), sone delay of tinme At
is made between the closure of the valve V2 on the
downstream si de of the throttle nechani smand the

Y T S TR
it e e i e 2 e PSS e, e

downstream si de of the throttle mnechanismin the case
degignates, aryasnupry pump, (R desigpatas aBamtian, V& designates a flow
after the closure of the valve V2 on the downstream
rateqealvs, Ne designates anmpesaticnal gas, anhPGedesignatesfa prioeess gas.
FCS (the closure of the control valve 2 of the FCS)

[C03#]t hEhe sietectiohabk thig dplecationall enalfinutionsofoti vAWe Vs on the
mai nt ai ned. The reason for this assunption is that

dofvmstraain sidat oft ther thrbtileSheBhanisioMas BenpEiitnddin a manner
wi thout the flow rate output Qo not becom ng zero

sUBR Bfatich@hges BFBIFTSS ﬂoﬂ@éﬁ%@t@?ﬁi@neﬁ@gn {a‘ﬁ@@rﬂtored after a flow

throttl e nechanism 8 a

8409856 e PO ISR e BP0 e e
B S BBl M HO B TE08E ek b e, o

valve_ it i requi red that first the internal
shaWA.in: Gidbre 5(a). b6, sRUIdaWpI 9f B flaw sate sefing signah Qe of the
val ve between an el ectro-nmagnetic valve EV and the
pPragsyee typedipw rentraloannaratusiii GB dnddhetdhesura ofthe walve V2 on the
mechani sm and al so the delay tinme between the i nput
dewnstreamr side sofytbe fluottiel onectartisra \aaé veonuated t bencurrently
downstream side of the throttle nechani smand an

(hereinalter Calisdg nofaakstep)) aptl it ahey 8thér 2a6e CASHhGwR ireFigure 5(b),
taken into consideration, and then a threshold val ue

s@hel §&lafiratrtirhat 2t95 Malé Pétween the closure of the valve V2 on the

downstream side of the throttle mechanism and the shutdown of a flow rate
setting signal of the FCS (hereinafter called a multi-step).

[0035] As shown in Figure 5(a) and (b), it is assumed that there exists a
malfunction in releasing of the valve V2 on the downstream side of the throttle
mechanism in the case that the flow rate output signal Qo shows no drop after
the closure of the valve V2 on the downstream side of a throttle mechanism and
the closure of the FCS (the closure of the control valve 2 of the FCS) and the
same state of flow rate output signal Qo' is maintained. The reason for this
assumption is that the fact that there is seen a flow rate output Qo’ without the

flow rate output Qo not becoming zero means there remains a gas pressure
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rate output signal Qo of the FCS is established; thus
it is determned that there exists a malfunction wth
the rel easi ng operation of a valve V2 on the
downstream side of the throttle nechanismin the case
that the drop rate of the flow rate output signal Qo
is below the prescribed drop rate. [0037] Figure 6
shows the relationship of the difference AN between

I [ [ i gpal in for, the valve V2
doRfien i R R TRATE S MR valR s el dowisirain Side of the
t ttctual ratln time and al sp the f]ow rate out put
@’ "I‘%Fé‘a 'b?fss'me@fwomcfmswstheemm@mmg pressure

hrottl e machanlsn) and the pressure P2 on the
( & \alYE ¥p petrgleasingthe presswigdhani sm As  appar ent
fromFi gure 6(a) and (b), in the case that the

[0936] e Ndithi e An actualyrdistertriiniggr thebtralfunctidre ofrmwalve, it is
of change of a flowrate output Qo of the FCS (the

requieesi that fiist the Internpd asaoity of deprebsare Supply fire U for operatlng a
mechani sm becones small, thus making it difficul

vd%emmeewahh@rec&ovmbyﬁeﬁ@ \}aﬁv {unpyl ﬁ‘énGaI@éé V2 on the
nmoni toring the drop rate of the flow rate outp

A P e G e v

r aci t of
TP Sl 91 gl p b B e AR ot e
i ke and further that, c es of the ressure P2 on
ek, RRCepEAGH GFtU?EQE’t%mgoPP?@“ﬁB e and aihers are
| ar g.ehi/i according to the conditions, such as the flow
takengin ﬁ@%s'ﬂﬁ'%@e and then & thieshalg palue phihe: drap cate of a flow
apparatus, the pressure on the canber side, and the
rate jqutputrsigorlRa of the FED(s evtablishedo thumitts deterinined that there
mal function of a valve V2 on the downstream side of a
exigtsota |realfurudtioni with( rthé eesleagingobpératiohi ofli #gyalvé V2 on the
detected by nonitoring a FCS flow rate output signal
dawnstneari sige of the tHrettleURedharfisilif A& IcBsé YRS theWop rate of the
flow rate output signal Qo is below the prescribed drop rate.
[0037] Figure 6 shows the relationship of the difference AtV between the
closing operation signal input for the valve V2 on the downstream side of the
throttle mechanism and an actual operating time and also the flow rate output
Qo of the FCS (the pressure P1on the upstream side of a throttle mechanism)
and the pressure P2 on the downstream side of a throttle mechanism. As
apparent from Figure 6(a) and (b), in the case that the aforementioned AtV is
small (Figure 6(b)), the amount of change of a flow rate output Qo of the FCS
(the pressure P1n the upstream side of a throttle mechanism) becomes small,

thus making it difficult to determine whether a valve V2 is malfunctioning by

monitoring the drop rate of the flow rate output signal Qo.
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control apparatus FCS. This is mainly used to detect
any operational malfunction of valve V2 on the

downst ream side of the throttle nmechanismduring the
preparatory stage of starting up a process system
[0040] A test device used with Enbodinment 3 is sane as
that shown in Figure 4. Specifically, with Enbodi nent
3, the malfunction of a releasing operation of a

e Y2 on t downstr eof t thrqttl. .
L, egmesswilbo tﬁasﬁeﬁﬁﬁt a5t fhéﬁﬁ{ %'ﬁers largely with
guantity of a FCS flow rate out put si naI
& Vs, ekﬁptrmmagtneetlwalm B\ tB@I"é‘?"tﬁ'rﬁ?PAPE!) 012 asrér@ﬁsure supply
froma valve V1 on the primary side of the pressure
lingp® foromperatingoa valyar andsthedike, aant further Ymtochanges of the
downstream side of the throttle nechanismis rel eased

pressureaP? bnvtheadewssitéam ides iof ithé  thiotthe inmgchamisn tvadiesolargely
the FCS and by nmaking the drop quantity as a basis.

ddéefdihg b tHe Sordifidsuth asiteé Abwaathtangefiniuge o‘F@SprfehélWe type
rate output si gnal Qo, a del ay tinme At=0.2 sec,

t
V\Il’leé?t?%l r%fgs Ogll f-ﬁ%gt rott v@ %%rnéligem @n‘hh%f“kee

like, with Enbodiment 3. At the preparatory stage of
starting up the process, when valve V1 on the
%aﬂream 3;1 de of the FCS and valve V2 on the

side of the throttle nechanismare made

d d with del
8855 Airobmbadiment 3/ e Grifiiastianiof a)valey: pBghe| dgyinstream

rate output signal Qo drops during the delay time At =
side pha thyatte meshanism/¢gelvasing rtqtéurugmmg) éadetected by menitoring
throttle mechanismis functioning nornmally for a

a €G3 flongrate endputosignalnat theotimerafed starhgr of aopredsire type flow
changes in the FCS flow rate output signal Qo during

condl axpparausAtFOBen Tt Vi YRaialy tuseddeswndéteetirarsi dperational
of the throttl e nechanismis not functioning normally

r@ﬁfhgﬁ&(}%n&ﬁ' Voo B éé\glﬁé‘treairﬂ% oft?te%?ditl@m&%bﬂ%ﬁﬁ during

egree (a drop rat of change of
the preparatory stage of starting up a process system.

[0040] A test device used with Embodiment 3 is same as that shown in Figure
4. Specifically, with Embodiment 3, the malfunction of a releasing operation of
a valve V2on the downstream side of the throttle mechanism is determined by
monitoring the drop quantity of a FCS flow rate output signal Qo which occurs
within a time At (a delay time At=0.2 sec) from a valve V1 on the primary side
of the pressure type flow control apparatus FCS, and valve V2 on the
downstream side of the throttle mechanism is released until a flow rate setting
signal Qe being inputted to the FCS and by making the drop quantity as a basis.
[0041] Figure 7 shows the relationship of the FCS flow rate output signal Qo, a

delay time At=0.2 sec, a delay time AtV in releasing valve V2 on the
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af orenenti oned FCS fl ow rate output signal varies

| argely depending on the delay tine in releasing

val ve V2 on the downstream side of the throttle
mechani sm Accordingly, it is found that the drop rate
during the delay time At of the FCS flow rate out put
signal Q is largely affected by the I ength of
pressure supply line U for operating valve V2 on the

: B { nechani t he e,
o¥ an%ﬁ@%gﬁé@%élﬁﬂaglevg{e&égé%rn’t eoa;(r%’a‘f’@‘ gé%'?‘?qiﬂ‘em 3.
é%g%e for the ﬁress%re t rfge fI&W control apparatus
& BIEPARICNY | 805 Posarting gl thes PEvicRsS. MRS a@iie ¥4 on the
of .nmonito infg thEG%tate of the drop of the flow rate
HRStSEm §|‘{$n‘al t e, ValveVz an éhe downstreamyside afithefthrottle
a pressure type flow control apparatus FCS and the
MesiRnisHfarganade openoand tiee OGSt oparatesi with af delay time At=0.2
throttl e mechani sm are changed. A standard type with a

segt (@dfldw cater satting 5igndbQM ing, tiepFOSeibv fatetdigpit si§hal’ Qo drops
type flow control apparatus FCS. A valve having a Cv

duringethefdelayl tifed /2t inathe &a8ath80valvé /2 \ba! e dwristrea® Side of a

used for valves 23 V1 and V2 respectively.

thtotfid ahBBR&nisY ‘i‘é%h@ti(ﬁﬂﬂ% Nor'nilélﬁl ol & é?l@%%ﬁ’\y_ @%enr%ion, and

val ves V1 and V2 has an | er nal “di amet

cgﬁgefgl% h‘?é?gt\po@fi o%hgdg%gdﬁﬂbgelﬁ@ﬂ] %ﬁ%;é@gpgﬁ signal Qo

acuum punp Pe aré’s

MNSE T f t throttle chanismis 120 Torr when

dlﬂlglwazélf%ﬁgs 8m§u2§‘| WEﬁr.‘ Ve X O@hspw'éﬂfeam cide-iofy fhe throttle
8, ,the avera pressure drop rate of the FCS flow
meghanizp ;b%flogﬁeugﬁﬁ?mtzs npspaliy fadhe releasivgopesatian.v2) to
79.4% (wth four (4) valves V2) when the setting flow
[0Q4% sAgnwith gembpdirhent-@s avsiegree: (@0dsop Irate)r efs change of the
were 85.4% (V2=1) to 79.7% (V2=4) when Qe=50% the
aferementioned eF C86fl@Norate olijput csigfal60aned tyelyhdepdartiragoon the
It is thus possible to detect the malfunction of a

deldyv ¢infe eheesleagingovallenvt iomithe) dbWnstiearhiaSRle Af the throttle
pressure drop

mechanism. Accordingly, it is found that the drop rate during the delay time At
of the FCS flow rate output signal Qo is largely affected by the length of pressure
supply line U for operating valve V2 on the downstream side of the throttle
mechanism, the type of an electro-magnetic valve EV, the flow rate setting range
for the pressure type flow control apparatus FCS, and the like.

[0043] Figure 8 shows the results of monitoring the state of the drop of the flow
rate output signal Qo when a flow rate setting signal Qe of a pressure type flow
control apparatus FCS and the number of valves V2 on the downstream side of a
throttle mechanism are changed. A standard type with a rated flow rate of

1SLM is employed for the pressure type flow control apparatus FCS. A valve

having a Cv value of 0.1 and a valve having a Cv value of 0.2 are used for valves
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B

rate i s obtained by conputing the value as (B-A) / A X
100% where Bis a flow rate output signal Q of the
FCS after conpleting the process, and Ais a val ue of
a flowrate output signal Q' after 0.2 sec at the
time of a multi-step (see Figure 8(a)). Feasibility
of Industrial Use [0045] The present invention can be
applied to any gas supply facility as long as a

LS8 8 R ﬁ@tﬁezwez%fe%%gfeves%ﬁm {881 0%r cportin
S8 S8 L Gt SSELSNS T eSS 5m.

tx’det ect ed WI h the conditions of changes of a flow
éatsaoad alyafR apdaneacuam Pympr e are se adiupted Haipressure
of a pressure type flow control apparatus FCS is
Ehdﬁwétream stdpe Hirottleamedhanism nist h2@ Tarr wieere N2 F@SLM is
the mal function of a valve on the downstream side of
suppliedt t | e mechani sm of a pressure type flow control
apparatus characterized by that it is so constituted

[0Da4] WAk appapett froIHiyurea8 thetaverage Préssuré dré %?téLHthe FCS
type flow control apparatus is so nade that the fluid

fIHv@F&ércﬁltﬁ’ut dignalth %%%eeb.é%gﬁ{fﬁ % WZZE&?éQ;% f(%hh four (4)

si gnal e zero by nean

St LMo 0 Pt PASA B oo e

YRt SR PR %ﬂb&é‘?ﬁ;@?@ o b' Wirb e Emﬁewts were
ni ng/ cl osi ng by makin

S rated for e
493(?% éé%@@v@ér& atHWhepRez9%. c&@dhusmss'bhtméetect the
of afluid and flowrate setting value Qe to be a

malamml@neof@wawgl (relegaiab napfunctianing)hia arfyocaseerA peesstire drop
flow rate conmputation value X of a fluid being

rete isuahitaided byacdrmputingethe valieas (B-ghpl AQo100% vwhere Bris a flow
t he downstream side of a

rate output signal Qo of the FCS after completing the process, and A is a value of

a flow rate output signal Qo’ after 0.2 sec at the time of a multi-step (see Figure

8(a)).

Feasibility of Industrial Use

[0045] The present invention can be applied to any gas supply facility as long
as a pressure type flow control apparatus FCS is being used. Releasing
operations of a valve on the downstream side of a throttle mechanism of a
pressure type flow control apparatus FCS can be accurately detected with the
conditions of changes of a flow rate output signal Qo when a flow rate setting

input Qe of a pressure type flow control apparatus FCS is changed.
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throttle mechani smof a pressure type flow control
apparatus is released and a flowrate setting val ue
e to be inputted to a pressure type flow control
apparatus is changed to detect the magnitude of
changes AV of the aforenentioned flow rate output
signal Q@ while said flowrate setting signal Qe
changes so that it is deternmined that the rel easing

$§&5$H§ of a valve on the downstream side of a
0 chanismare functioning normally in the

se that th ityde AV of changes of said flow
[ﬁit e dgt']aﬁ@wgi {éﬁ%t&'r@sthef walfunetionyef ap@iee onethe downstream
redet ernm ned val ue, while the releasing operations
fe ofa rthrattle omeshanism f eapeessuse type Fewniconttel Apparatus
of changes is found to be below the predeterm ned
charaeterized by thatt ihiscsof econstituted thatgvittha gaslsuippiyt faoilityofor &vhich a
val ve on the downstream 25 side of a throttle

pres!_smei B/pBOMow_qmmSlappa_taws i$ !s@V\m‘éG@t that t7 PRIcR brssstife P is
clained in CJaim1l wherein it is so nade that at the

ddjosteafto ehake08 Jlof rate Ebﬁ‘tfblrs?érfal QFtd bé QF?’(% tedhst thaPfhe flow

inputted to a pressure type ow control apparatus, a
rateOtf of §tiui gh! i ¥ i
RIS of Bihid Basdin Shpligh shRifle hafhisth R EBb By using the
' steady-state flow rate

M BFeifis on She WpRleRutbBRTS Aoy pttibifa andyg control
val u . 3] Apethod.for detecting the malfunction
ViV, 2, iy ctrigh PsEBAR A o dhentieymackARBm e operated for
nechani sm of a pressure t_%pe flow control apparatus
qneRingiclesingely imjaking the wifferesee hetween weidi flowatateicomputation
gas supply facility for which a pressure type flow

vadir (4 1of affuid andSlove rate seiting valae Qéento bé @i fibw ratescordrol signal

Pi is adjusted to nake a flow rate control signal Q

Qy thes Zbecafopementicnedhfiowt kate ddneputatiére valueoRfoff & Uiuld being
passing through a throttle nechanismis conputed by

cutputted a9 fldwirgtePs @PEHSIENET QBN alvive!BA ithE ¥dWHsHeaR! side of a
throttl e mechani smand a contr ol

throttle mechanism of a pressure type flow control apparatus is released and a
flow rate setting value Qe to be inputted to a pressure type flow control
apparatus is changed to detect the magnitude of changes AV of the
aforementioned flow rate output signal Qo while said flow rate setting signal
Qe changes so that it is determined that the releasing operations of a valve on
the downstream side of a throttle mechanism are functioning normally in the
case that the magnitude AV of changes of said flow rate output signal Qo is
found to be above the predetermined value, while the releasing operations are
malfunctioning in the case that the magnitude AV of changes is found to be

below the predetermined value.

[2] A method for detecting the malfunction of a valve on the downstream
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valve 2 on the upstreamside of a throttle nechanism
is operated for opening/closing by nmaking the

di fference between said flow rate conputation val ue
Q& of afluid and flow rate setting value Qe to be a
flow rate control signal Qy, thus the aforenentioned
flow rate conputation value f of a quid bei ng

outputted as a flow rate output signal Qo, a valve on

f thrott f
PTG ot 2 G SRR o o
fI ow sett val ue to be inputted to a
pited BB Whethin Bis 5o Madajhntel bine atehangssist a flow rate

zero, to detect the magnitude AV of changes of the

$8tting valuei @ada berinputted te aquressiire 4ypm fbw@onitoil Bppatatis a flow
changing after said flowrate setting value Qe having

settieg veluecQetlacgerdhan a steady-stale flewmate deftingtvalle Qe” or a flow
rel easi ng operations of a valve on the downstream side

rate settingoldilie Qe shidlicd thar? & S168dy-Y1até NBW e BBHIE \}é{ue Qe” is
in the case that the nmagnitude AV of changes of Said

ihbated ab & AW Pate s%tta{ga%alﬁéaé found to be above the

predet erm ned val ue, e the rel easing operations

e f ni
3 cﬁi‘%g"é%*“!bé"f?t@%f‘?'"b“tﬂe% AR 8B Bhiig donstream
u or detecting the malfunctio
Yo & & Wi EoRAGhalE <F Hebisdute ryBR: hoWrcoRlol apparatus
f r.es e flow ontrol aratus as cl ai ned
GhareqtBises HME*@téf'ﬁ sorcanstiied iias Witk aas SuBRlyfagilty for which a
setting value Qe to be inputted to a pressure type
Ffrﬁswreowﬁ(ﬁovamatrat appearaiiesiis satmadeithat thee fluidoprassure P1is
of a valve on the downstream side of a throttle
adiusteditormake wi flowt tate dohtrpl signal Qyi tcebetdere At miemns that the

made to be zero. [5] A nethod for detecting the

flost fate Qfiofa flufid passihy through bethebiie figckaRisns istoraputad by using
throttle mechanismof a pressure type flow control

th@ MaldapressurRhRy & ties u5§t¢eahﬁ sidebf a&hﬂoﬂléﬁ\e‘eﬁaﬁ&h{ 4h&4 control
that with a gas supply facility for

valve 2 on the upstream side of a throttle mechanism is operated for
opening/closing by making the difference between said flow rate computation
value Qf of a fluid and flow rate setting value Qe to be a flow rate control signal
Qy, thus the aforementioned flow rate computation value Qf of a fluid being
outputted as a flow rate output signal Qo, a valve on the downstream side of a
throttle mechanism of a pressure type flow control apparatus is closed and a flow
rate setting value Qe to be inputted to a pressure type flow control apparatus is
made to be zero, to detect the magnitude AV of changes of the aforementioned
flow rate output signal Qo while it is changing after said flow rate

setting value Qe having made to be zero so that is is determined that the

releasing operations of a valve on the downstream side of a throttle mechanism
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pressure type flow control apparatus is so nmade that
the fluid pressure Pi is adjusted to nake a flow rate
control signal Qy/ to be zero by neans that the flow
rate f of a fluid passing through a throttle

mechani smis conputed by using the fluid pressure Pi
on the upstreamside of a throttle nechanismand a
control valve 2 on the upstreamside of a throttle

ARCRARYS TR RAT IS he Sase, BRI Pagaribho o L of Efandes of said

alue, of a fluid and flow rate setting val ue to be
W 1te puPut stinel D10 isiTgHas tope ahaye i aredetermined vale, while
aforementioned flow rate conputation value (X of a
theuieleasing, gpeiations tase maifunctipoingrinttee case dhatsthgrmaggityde AV
a vale on the downstream side of a throttle nechani sm
off changeeds found togdee below themiredeteapjriedavalse s r el eased

and a flowrate setting signal Qe is inputted to a

[#] essuAemethpe for aletecting’ the malfanetios of ad/alve ofetheCdownstream
t he magni tude AV of changes of the aforenentioned flow

sidk Sofort fbttleS @tAhnigh ¥t £1prbbsuraf gfp%@%i e&ﬁﬁolvgbdﬂé?ratus as

on the downstream side of a throttl ani sm h

?éf?’i@d fH R0 MherRltit isisd hadRl R, q@%’e@%ﬁg‘[}ﬁe‘é"}#‘e Qe to be

asing operations of a valve on
S| r l.e hani sm.are functi oni ng, nor |y
PRifieg o 2Are5Rle TRE TG RoitRIcHReraiS GonRizeny Wihthe closure
fl ow ratee optput signal is found to _be abqve the
SN AR e Ayt AT rotl BaaanisTD se with begielay of a
are mal functioni ngmi n the case that the magnitude AV
given iRengekisimadeimbe zerke bel ow t he predet er ni ned
value. [6] A method for detecting the mal function of a
Bkl ve Ammethoddonmdetecting thei malfofhctiont of atudhee oacthend@wmstream
of a pressure type flow control apparatus as cl ai ned

side CbRiamthrottier mieghatisihs cfoanpesssubat typbeflowgabhttée apparatus
the drop rate of a flow rate output signal Qo is

By R B 17 ST o which
|:We§§'ur% @Bbaﬁ’oﬁfcoh'ﬂ%l apparatus is so made that the fluid pressure P1is
adjusted to make a flow rate control signal Qy to be zero by means that the flow
rate Qf of a fluid passing through a throttle mechanism is computed by using the
fluid pressure P1on the upstream side of a throttle mechanism and a control
valve 2 on the upstream side of a throttle mechanism is operated for
opening/closing by making the difference between said flow rate computation
value of a fluid and flow rate setting value Qe to be a flow rate control signal Qy,
thus the aforementioned flow rate computation value Qf of a fluid being

outputted as a flow rate output signal Qo, a vale on the downstream side of a

throttle mechanism of a pressure type flow control apparatus is released and a

flow rate setting signal Qe is inputted to a pressure type flow control apparatus,
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predetermined tine At after the command to rel ease a
valve on the downstream side of a throttle mechfanl sm
having been transmtted. [7] A nethod for detecting

the mal function of a valve on the downstream side of

a throttle mechani smof a pressure type flow control
apparatus as clainmed in daiml, daim2, daimS3,
Caim4, Caim5 or Caim6 wherein it is so nade

fdaétedP Y | Cahﬁﬁu&’é &ygméﬁadb%ézéfthieSafgr‘?a?r(ljerft%rnea flow rate output

throttl e nmechani sm
signal Qo after the aforementioned valve on the downstream side of a throttle

mechanism had been released so that it is determined that the releasing
operations of a valve on the downstream side of a throttle mechanism are
functioning normally in the case that the magnitude AV of changes of said flow
ratee output signal Qo is found to be above the predetermined value, while the
releasing operations are malfunctioning in the case that the magnitude AV of
changes is found to be below the predetermined value.

[6] A method for detecting the malfunction of a valve on the downstream
side of a throttle mechanism of a pressure type flow control apparatus as
claimed in Claim 5 wherein it is so made that the magnitude of the drop rate of a
flow rate output signal Qo is detected by means that a flow rate setting signal Qe
is inputted to a pressure type flow control apparatus with a delay of the
predetermined time At after the command to release a valve on the
downstream side of a throttle mechanism having been transmitted.

[7] A method for detecting the malfunction of a valve on the downstream
side of a throttle mechanism of a pressure type flow control apparatus as
claimed in Claim 1, Claim 2, Claim 3, Claim 4, Claim 5 or Claim 6 wherein it is so

made that an orifice or a sonic nozzle is used for a throttle mechanism.
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