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the manufacturing of sem conductors, chenical _products, chemicals and
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5 FIELD OF THE INVENTION

The present invention re]ates; to a pressure-type flow
controller for a variety of fluids, like gases used in the
manufacturing of semiconductors, chemical products, chemicals
and precision machine parts. More specifically, this invention

10 relates to a method of detecting abnormalities in flow rate when an

orifice is clogged in the pressure-type flow controller.

BACKGROUND OF THE INVENTION

Hitherto, the flow rate has been controlled mostly by a mass
- 15 flow controller in fluid supply apparatuses in semiconductor
manufacturing and chemicals manufacturing facilities, especially

where a high precision flow rate control is required.
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m the mass flow controller has the following shortcomngs: (I) -
Cre |y slow response in case the sensor is of a thermal type, (2) poor
control precision in a lowflowrate range and 5 product-to-product |ack

of uniformity, (3) trouble-proneness in operation, that is, |ow
reliability, (4) high costs of the product and replacenent parts which
boost running costs. After intensive research, the inventors have devel oped
a pressure-type flow controller using an ori fice as disclosed in

Japanese Lai d- operH faleoBt, ApRl ifatd onoluo c8n393R46. ha‘ghethgrlquymfnlzgf thi S

pressure-type flow controller is the ollowng. If the ratio P2 of the
gas pressure on the upstream side of the orifice P2 to that on the
downst r eam stlierteépmingsorifice P, is below the critical pressure of the
gas (in the case of air, 15 nitrogen etc., about 0.5), the flow velocity of

the gas PaSSLQgreltapirv%'i' Ql&& thé h'sgﬁfn c%@gqgg ggiogiigﬁ\f% %%:;t aést\%pltepaaot be

changes in t pressu e on wnstream Si e ori
felt on the upstream side any nore, which permts a stable nmass flow rate
(2) poor control precision in a low flow rate range and

5 product-to-product lack of uniformity, (3) trouble-proneness in
operation, that is, low reliability, (4) high costs of the product and
replacement parts which boost running costs.

After intensive research, the inventors have developed a
pressure-type flow controller using an orifice as disclosed in

10 Japanese Laid-open Patent Application No. 8-338546.

The principle of this pressure-type flow controller is the
following. If the ratio P,/P, of the gas pressure on the upstream
side of the orifice P, to that on the downstream side of the orifice
P, is below the critical pressure of the gas (in the case of air,

15 nitrogen etc., about 0.5), the flow velocity of the gas .passing
through the orifice reaches a sonic velocity so that changes in the
pressure on the downstream side of the orifice will not be felt on

the upstream side any more, which permits a stable mass flow rate



+2 corresponding to the state on the upstreamside of the orifice. If the
" orifice dianeter is fixed or constant and the pressure P 1 on the upstream
side is set at twice or nore as high as the pressure P2 on the downstream
side, the gas flowrate Qc on the 5 down streamside of the orifice depends
on only the pressure P, on the upstreamside. That is, a linear relation
gi.ven by equation @ KP1 (Kis a constant) holds with a high degree of
precision. Mreover, if orifices have the sane dianeter, then they are al so

i dentical incepnshallikg tdAnEhitatPHLASEL 8ptrBeml LW 6PRhE rlifilcehas an
advantage that the flow rate on the downstream side can be controlled with

high precision by detecting the pressure Pl on the upstream side only.
However, a probl erhfitdet orificendiameter isifived@recwfstahe aodi thiecpressame cl og.
The orifice bore is in the order of mcrons, and it can 15 happen that the
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pressure P2 on the downstream side, the gas flow rate Qc on the
5 down stream side of the orifice depends on only the pressure P, on
the upstream side. That is, a linegr relation given by equation Qc
= KP, (K is a constant) holds with a high degree of precision.
Moreover, if orifices have the same diameter, then they are also
identical in constant K.

10 This pressure-type flow controller has an advantage that the
flow rate on the downstream side can be controlled with high
precision by detecting the pressure Pl on the upstream side only.

However, a problem is that the small size bore of the orifice
can clog. The orifice bore is in the order of microns, and it can

15 happen that the orifice bore gets clogged by dust or the like, which
renders the orifice uncontrollable.

The piping in which the flow rate is controlled has to be

highly clean inside, but sawdust and other foreign matter can creep
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‘hi ghly cl ean inside, but sawdust and other foreign matter can creep 3 in
during the piping work. If the orifice is clogged, the flowrate can not
be controlled, which puts the whole plant in an unstable state and can
‘produce a large nunber of defective products. Wth sone gases, the cheni cal
reacti on beconmes 5 uncontrollable and could cause an expl osion. To prevent
the <clogging, it mght be suggested that a gasket filter should be placed
within the piping. But that could have an adverse effect on the

k P4 : ol rob e inventors
gioggrgtsggcg mlgh?rgltiygé Svi é‘ﬁ&r?ngpﬁ Hg@g?gé%?ﬁ | REBREx i ﬁg W Fapanese
patent application No. 10-236653. In this nmethod, an alarmis activated
when the cl oggnnptobe tchatosliléd cevriehcpes t&hesp&nilfei plan@viel anTiestabog esai d
i nvention conprises, as shown in FIG 8 a first step of holding a set

fl h t ally 100%, a second step
of O\(,)vb': :it ﬁi % %&%2@3 g ’bt%?gﬂﬂﬁfl % arégt ?Ff °l§5(/“'}] CHoNi PEP 48U t he hi gh set

flowrate @QGSH to a | ow set
With some gases, the chemical reaction becomes

5 uncontrollable and could cause an explosion. To prevent the
clogging, it might be suggested that a gasket filter should be placed
within the piping. But that could have an adverse effect on the
conductance of the piping.

As a solution to the problem, the inventors disclosed a
10 method of detecting the clogging in unexamined Japanese patent
application No. 10-236653. In this method, an alarm is activated
when the clogging of the orifice reaches a specific level.
The aforesaid invention comprises, as shown in FIG. 8, a
first step of holding a set flow rate Qs at a high set flow rate Qsy
15 (usually 100%), a second step of obtaining pressure attenuation
data P(t) by switching from the high set flow rate Qgy to allow set
flow rate Qs. (usually, 0%) to measure the pressure P, on the

upstream side, a third step of checking the aforesaid attenuation



e e e e e e ) R b e e

flowrate QSL (usually, 0% to neasure the pressure P, on the wupstream
'side;arthird step of checking the aforesaid attenuation 4 data P(t)

agai nst reference pressure attenuation data Y(t) neasured under the sane
conditions with the orifice not clogged, and a fourth step of setting off
an al arm when the pressure attenuation data P(t) differ fromthe reference
pressure attenuation data Y(t) by a 5 specific quantity. That is, in case
P(t) is out of Y(t) within a certain range, an alarmfor the clogging wll

be act! vat edya He GTgfaesdl 4 AP, ALLEES 120 AV AN 96, U2 meagag'qafmfm

t he cl oggi ng can e aut omat as t & SRS ng s com Fi rst
the flow rate abnormality detection node (clogging 10 detection node) is
started afteundértifd sameonndotiomsdeithshelhuifiot hot choggeheird arfouttte 1 ow
rate can not be controlled during the flow rate abnormality detection

d h I t he | t flowrate QSL is set at
0% Tor exanbieB LT o FEEh Al PEr RSih sREPT FF oAt T SR TP GRdRSD) 15 | ong

to make a judgnment. Therefore, the detection of a flow rate
differ from the reference pressure attenuation data Y(t) by a

5 specific quantity. Thatis, in case P(t) is out of Y(t) within a certain
range, an alarm for the clogging will be activated.
The aforesaid method offers an advantage that the alarm for
the clogging can be automated, but has the following shortcomings.
First, the flow rate abnormality detection mode (clogging
10 detection mode) is started after the flow control mode is shut off,
and therefore the flow rate can not be controlled during the flow
rate abnormality detection mode.
Another problem is that since the low set flow rate Qsy is set
at 0%, for example, time is needed for exhausting. Thgt is, it takes
15 long tp make a judgment. Therefore, the detection of a flow rate
abnormality is generally carried out in a final stage after the flow
rate control is completed. As a result, it is impossible to know, in

the actual controlling of the flow rate, whether the orifice has been



;abnormality is generally carried out in a final stage after the flow rate
" ‘control is conpleted. As a result, it is inpossible to know, in the actual
controlling of the flowrate, whether the orifice has been 5 cl ogged.
SUMVARY OF THE | NVENTI ON The present invention sets out to solve those
problens. In 5 accordance with the present invention, in a pressure-type
flow controller having a control valve, an orifice, a pressure detector
detecting the pressure on an upstream side between the control valve and
the orifice, capggadfl ow rate setting circuit, wherein the upstream
pressure P, is nmaintained about two or nore tinmes higher 10 than the
downstream pressure P2, the downstreamflow rate Qc is calculated by the
equation ¢ = KP, (K. constant), and wherein the control valve is
controlled on the basis of the difference signal Qy between the cal cul ated

flowrate Qc and the set fdgyy Ay SF p( NviE'SNﬁ“i \“'ded a met hod
according to the present |Tnnﬂ#%TNT;gi'fg—géﬁecrrng-éhe cl oggi ng of the
orifice in the pressure-type flow
The present invention sets out to solve those problems. In
5 accordance with the present invention, in a pressure-type flow
controller having a control valve, an orifice, a pressure detector
detecting the pressure on an upstream side between the control
valve and the orifice, and a flow rate setting circuit, wherein the
upstream pressure P, is maintained about two or more times higher
10 than the downstream pressure Py, the downstream flow rate Qc is
calculated by the equation Qc = KP, (K: constant), and wherein the
control valve is controlled on the basis of the difference signal Qv
between the calculated flow rate Q¢ and the set flow rate Qs, there
is provided a method according to the present invention of
15 detecting the clogging of the orifice in the pressure-type flow
controller. The method of the invention comprises, with a testing

circuit provided separately and with the flow control of the control

valve placed in a shut off state, outputting a testing signal AQ;



‘controller. The nmethod of the invention conprises, with a testing circuit.
provi ded separately and with the flow control of the control valve placed
in a shut off state, outputting a testing signal &) having a testing
‘anplitude Vo froma testing circuit to the control valve, measuring a
pressure anplitude V of a variable pressure AP, of the pressure P, on the
upstream side that arises in response to opening and cl osi ng adj ust nent of
the control valve and setting off 5 an alarmfor the clogging of the

orifice whenhhliphPrassung Qﬂgllfthﬁge\’ovr&ﬁ SERRE i@t 3ol dhdl dofiFBl 1 tude
.Vt. The present invention provides a second nethod of detecting low rate

abnormal ity which conprises, without a testing circuit separately
provi ded, ouvplia.imgasurtiagts pressugeampdm deaVi nga yatlattleginesguespPi t ude Vo
froma flowrate setting circuit 32, neasuring the pressure anplitude V of

"o v esponse. Ph PESTeseBts Pyt ERI et i0e s P Y SO B o001 no
of the orifice when the pressure anplitude Vis smaller than the limt
anplitude Vtopening and closing adjustment of the control valve and setting off-
5 an alarm for the clogging of the orifice when the pressure amplitude
V is smaller than a limit amplitude Vt.
The present invention provides a second method of detecting
flow rate abnormality which comprises, without a testing circuit
separately provided, outputting a testing signal ,Qs having a
10 testing amplitude Vo from a flow rate setting circuit 32, measuring
the pressure amplitude V of variable pressure 4P, of the pressure P,
on the upstream side that arises in response to the outputting, and
setting off an alarm for the clogging of the orifice when the
pressure amplitude V is smaller than the limit amplitude Vt.
15 The present invention also provides a method of detecting a
flow rate abnormality, comprising: outputting a testing signal 4Qs

to a control valve CV with the testing signal AQs superimposed on

a signal representing a steady-state set flow rate Qso.



.15 The present invention also provides a nethod of detecting a flowrate .
abrnormality, conprising: outputting a testing signal e@ to a control
valve CV with the testing signal & superinposed on a signal representing
a steady-state set flowrate o. 7 The present invention furthernore

provi des a nmet hod of

detecting a flow rate abnormality wherein the testing

signal A to be outputted to a control valve CVis a sine wave signal.
The present invention also provides a nmethod of detecting a 5 flowrate
abnormal ity whereimha pestendlinicditdn G tHE MErOPrBVIdEd a thPe h o@ORYT O
valve CV is a pulse signal. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a
bl ock diagramof a first pressure-type flow control system FCS according
to the presef€ets§Hieae JaW natembmormalhbiny hsirgitathawbasding msgofl 1Qe tset fl ow
rate  and pressure Pl on the upstream side when the orifice is not

clogged. Flge 3RV 86 gtn@tl)ntgg}'&;?g%gﬁq@fistJ"FinSeeRv.afvleo%’Y 34 & and

pressure Pl on the upstream si

e oritice 1s C

gged.

The present invention also provides a method of detecting a

5 flow rate abnormality wherein a testing signal »Qs to be outputted

to a control valve CV is a pulse signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a first pressure-type flow

control system FCS according to the present invention.

10 FIG. 2 shows signal waveforms of the set flow rate Qs and

pressure P1 on the upstream side when the orifice is not clogged.

FIG. 3 shows signal waveforms of the set flow rate Qs and

pressure P1 on the upstream side when the orifice is clogged.

FIG. 4 is a conceptual diagram of signal waveforms

15 according to the present invention.

FIG. 5 is a block diagram of a second pressure-type flow

control system FCS according to the present invention.



sFIG ‘4 is a conceptual diagram of signal waveforns 15 according to the
© present -invention. FIG 5 is a block diagramof a second pressure-type flow
control system FCS according to the present invention. 8 FIG 6 is a flow
chart exanple for detecting flowrate abnormality owing to the clogging of
the orifice. FIG 7 is a conceptual diagramwhen the testing signal is a
pul se signal. 5 FIG 8 is a signal waveformin the flow rate abnormality

det ecti on node previously adopted by the present inventors. DESCRI PTI ON OF
THE PREFERRED EVBCRIQENTSs BRHRAF [ Ear: | Bga AEPO I Retelink NFIRF S3AR!
invention will be described with reference to the draw ngS. 10 The present

i nvention concerns a nethod of detecting abnormalities in the flowrate in
a pressure-typpaormahityonving terthe dpoggomgliotfi thwesotifitker. whi ch t he
pressure-type flow controller works are the sane as described in Japanese
Lai d- open Pat ent APRI:'I 9aitsi on

conceptual diagram when the testing signal is a
pulse signal.

5 FIG. 8 is a signal waveform in the flow rate abnormality

detection mode previously adopted by the present inventors.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereafter, the embodiments of the present invention will be
described with reference to the drawings.

10 The present invention concerns a method of detecting
abnormalities in the flow rate in a pressure-type flow controller.
Preconditions under which the pressure-type flow controller works
are the same as described in Japanese Laid-open Patent Application
No. 8-338546. In other words, when pressure Pl on an upstream

15 side is set at twice or more as high as pressure P2 on a downstream
side, the rate Qc on the down stream side depends on only the

pressure P, on the upstream side and a linear relation Qc = KP1



'No. 8-338546. In other words, when pressure P1 on an upstream 15 side is
set at twice or nore as high as pressure P2 on a downstream side, the rate
& on the down stream si de depends on only the pressure P, on the upstream
side and a linear relation Q = KP 1 9 holds with high precision. If gases
are the same and orifices are identical, the proportional constant Kis
fixed. If a different orifice bore is used with the sane kind of gas,
constant K should be changed. 5 Therefore, if a specific fluid is

control l-ed t dodd§ iwieH Isigh ptsiddt Ef Fased @r@nmeokamal an?d GYifigegGirgated so

that the pressure P, on the upstreamside is P, = /K That is, while the
pressure P, on the streamside i s measured constantly, the control valve
CVis nerel ydafaﬁlagbe § Priegioatiiogd |t eonyiant KolEfbved medf a diféerentis a

bl ock di agram of a flrst pressure-type flow control system FCS according

to the presegtifiip¥80tt P used with the same kind of gas, constant K should be
changed.

5 Therefore, if a specific fluid is controlled to a fixed set flow
rate Qs; a control valve CV is actuated so that the pressure P, on the
upstream side is Py = Qs/K. That is, while the pressure P, on the
upstream side is measured constantly, the control valve CV is

merely adjusted in relation to that.

10
Embodiment 1
FIG. 1 is a block diagram of a first pressure-type flow
control system FCS according to the present invention.
In FIG. 1, a flow passage 4 on the upstream side of an orifice
15 2 is connected to a control valve CV that is operated by a drive 8.

A flow passage 6 on the downstream side is connected to a fluid
reaction unit (not shown) via a gas take-out joint 12.

The pressure P, on the upstream side of the orifice is

10
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‘In FIG 1, a flow passage 4 on the upstreamside of an orifice 15 2 is
connected to a control valve CV that is operated by a drive 8. A flow
passage 6 on the downstream side is connected to a fluid reaction unit

(not shown)- via a gas take-out joint 12. The pressure P, on the upstream
side of the orifice is 10 detected by a pressure detector 14 and displ ayed
on a pressure display 22 via an anplification circuit 16. The output is
digitized through an A/D converter 18, and a flow rate Q on the domnstream

side of the geiddree b? Mq;r‘éggm%uheba/ctfofﬂel?oél?é 'dqmgf%yengheg\t'\g Sis a

constant) in a central processing unit CPU. Mean erature T1
on the upstrean13|de of the orifice, detected by a tenperature det ect or
24, is inputdéwley Iheia @Pl_amphfmtawplcutfqmatl|6onTbcroauput26 dapitiaed A/ D
converter 28, and the flowrate Qis tenperature-conpensated and a

cal cul ated f 0 do From.a w.rate setting circuit
32, a set fl (t)@v% zé' ‘g}\ﬁ) 9881‘5 btﬁtrtllégg 2%/“ld.laafrko 3t 841\?é’r3heer3%ﬂnéhrcfa nt to
the CPU. In the CPU,

side of the orifice is worked out by the equation Q = KP, (where K
5 is a constant) in a central processing unit CPU.

Meanwhile, the temperature T, on the upstream side of the
orifice, detected by a temperature detector 24, is inputted to the
CPU via an amplification circuit 26 and an A/D converter 28, and
the flow rate Q is temperature-compensated and a calculated flow

10 rate Qc is worked out,

From a flow rate setting circuit 32, a set flow rate Qs is
outputted via an A/D converter 34 and sent to the CPU. In the CPU,
the difference signal Qy between the signal of the calculated flow
rate Qc and the set flow rate signal Qs is worked out by. the equation

15 Qv = Qc - Qs, and the difference signal Qy is outputted to the drive
8 via an amplification circuit 40. The drive 8 actuates the control
valve CV to bring the difference signal Qy to zero so that the

calculated flow rate Qc on the downstream side is equal to the set

11
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»the difference signal Qy between the signal of the calculated flow rate Qc
“and the'set flowrate signal @ is worked out by the equation 15 Qy = ¢ -
Qs, and the difference signal Q/ is outputted to the drive 8 via an
anplification circuit 40. The drive 8 actuates the control valve CV to
bring the difference signal Qy to zero so that the calculated flowrate
on the downstreamside is equal to the set 11 flowrate . A testing
circuit 31, a feature of the present invention, is a testing signal
generating cifigii fatwhhgh is controlled by the CPU and will be descri bed
| ater, and actuates the drive 8 via an 5 anplification circuit 33. A
cl oggi ng detection circuit 35 conprises the testing circuit 31 and the
anplification circites3g kircRliG31]a fdaeurebéntbageeksent eénvadiind] ¢ates a
menory unit, the reference nuneral 42 a conmmunication port PT for

g?pzﬂpiga}:qusgggr%tgﬁﬁhe’%%fi%gtﬁ8%$z$§H§e e“ngﬁﬂﬂeqﬂ%g e¥%$r circuit
to be
and will be described later, and actuates the drive 8 via an
5 amplification circuit 33.
A clogging detection circuit 35 comprises the testing circuit
31 and the amplification circuit 33.
In FIG. 1, the reference letter M indicates a memory unit, the
reference numeral 42 a communication port PT for communication
10 with the outside, the numeral 44 denotes external circuits like a
trigger circuit, the reference numeral 46 an alarm circuit to be
activated in case of the orifice getting clogged, the reference
numeral 48 a power circuit SC, the reference numeral 50 an external
power source for £ 15V. The reference letters AMP indicate an
15 amplification circuit and the reference letters A/D an A/D
converter.

As for the control valve CV, a so-called direct touch-type

metal diaphragm is used. A piezo-electric element is adopted as

12
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:activated in case of the orifice getting clogged, the reference nuneral 48
" & power circuit SC, the reference nuneral 50 an external power source for
15V. The reference letters AMP indicate an 15 anplification circuit and the
reference letters A/D an A/D converter. As for the control valve CV, a
so-cal led direct touch-type netal diaphragmis used. A piezo-electric
element is adopted as 12 drive 8 for control valve CV. As an alternative to
that, other drive wunits may be used in the drive 8 for control valve CV.
The other drdniee @nfdrscoicbtdavaanet ast i %‘He\fﬁéﬂrv'evt% 4 t%’th%P%iﬁ”O' d
drives, notor drive units, pneunmatic pressure drive units
expansion type drive units. Pressure detector 14 is a seniconductor
strictive- tyd@”br"é@‘sﬁl"'e“%s@)r‘heﬁﬁlaﬁ &ferecnatioleyalyen€dr. s Theedt los
pressure detectors nmay be netal foil strictive-type sensors, 10
capaci t ance- QMpeeQ&ﬁ§§pﬁau%%na %e?@ﬂrﬂﬁg e&gé&&z*géggf 33? %ﬂ?@e&

Tenperature detector 24 1s a rm)coup

5

motor drive units, pneumatic pressure drive units and thermal.
5 expansion type drive units.

Pressure detector 14 is a semiconductor strictive-type
pressure sensor. As an alternative, sensors used as pressure
detectors may be metal foil strictive-type sensors,
capacitance-type pressure sensors and magneto-resistance sensors.

10 Temperature detector 24 is a thermocouple-type temperature
sensorin this embodiment. Alternatively, other known temperature
sensors may be used such as resistance-bulb temperature sensors.

Orifice 2 in this embodiment is an orifice made in a
sheet-formed metallic sheet gasket with a bore made by cutting.

15 Alternatively, other known orifices may be used such as an extra
fine pipe and orifice made in a metallic film with a bore formed by
etching or electric discharge machining.

The pressure-type flow control system using an orifice

13



'Sensér in this enbodinent, Alternatively, other known tenperature sensors,
may be used such as resistance-bulb tenperature sensors. Orifice 2 in this
enbodi ment is an orifice nade in a sheet-formed netallic sheet gasket with
a bore made by cutting. 15 Alternatively, other known orifices may be used
such as an extra fine pipe and orifice made in a netallic filmwth a bore
formed by etching or electric discharge machining. The pressure-type flow
control systemusing an orifice 13 according to the invention is called an

FCS. Using thicdr@fug ithanel MWRH:An 8% ateilh G ABNOGURLL th S PGS N When
the orifice is clogged. Wien the clogging detection CiTcul t 0 detect
an 5 abnormality in flowrate is not working, a steady-state set ]‘Iow rate
Q0 is out put¥EnfeLMas hetutli ody abatos meditie nep asiurcinigh waik s ohé hati fickeis cont r ol
valve CV is controlled and adjusted to a specific degree of opening by the
drive 8. Thusclog gqpressure P, on the upstreamside is set at a

st eady-state présSsure Plo.

When the clogging detection circuit 35 to detect an
5 abnormality in flow rate is not working, a steady-state set flow rate
Qso is outputted from the flow rate setting circuit 32 so that the
control valve CV is controlled and adjusted to a specific degree of
opening by the drive 8. Thus, the pressure P, on the upstream side

is set at a steady-state pressure P,.
10 To detect clogging in this state, a clogging detection
starting signal is inputted into the CPU from an external circuit 44.
With starting signal as trigger signal, the CPU suspends the
outputting of control signals to the amplification circuit 40. The
CPU immediately outputs signals to the testing circuit 31. From
15 the testing circuit 31, a set flow rate signal Qs(t) made up of the
steady-state set flow rate Qso and a testing signal ,Qs is outputted

according to the formula: Qs(t) = Qso + ,Qs.

14



+10 T8 detect clogging in this state, a clogging detection starting signal.
I's ‘inputted into the CPU froman external circuit 44. Wth starting signal
as trigger signal, the CPU suspends the outputting of control signals to
the anplification circuit 40. The CPU imediately outputs signals to the
testing circuit 31. From 15 the testing circuit 31, a set flow rate signal
&(t) made up of the steady-state set flowrate o and a testing signal
AQs is outputted according to the formula: QSM = @O + AQS 14 0 The set
flow rate signal QFhie)s&ortowlratd [ j h AR ..o} circuit
33 to the operate control valve C?/?gllgjarnl oglgg)r gb%r:oég,th\%hnﬂlgetﬁ?lh S's not
wor ki ng, clogging of the orifice is checked with the. testing signal AQs
by the testi r?g“Eﬂlftﬁi’itthElW“tlh 33 ththoppkrele pasgiohyafllvevC Vatle osiart ai ned
at the steady-state set flow rate so. The detection of clogging according

to the prese {V. .00y | & NS in,a shonrt tine, d therefore flow
‘rate control %?rsdsdu\g?glﬁt g%%:l%béspﬁeggeévad’}-”slgatcéogéin&Iomedtoé‘ CEnEl Qso

during the _
checked with the testing signal ,Qs by the testing circuit 31 with

5 the orifice passing flow rate maintained at the steady-state set flow
rate Qso. The detection of clogging according to the present
invention is finished in a short time, and therefore flow rate control
is guaranteed by the steady-state set flow rate signal Qso during the
time for the detection of clogging. If the orifice is not clogged, the

10 operation immediately returns to the FCS control mode, and the
procedure for detection of clogging does not affect the flow rate
control.

FIG. 2 shows signal waveforms of the set flow rate Qs(t) and
pressure Py(t) on the upstream side when the orifice is not clogged.

15 As mentioned above, the set flow rate signal Qs(t) from the testing
circuit 31, which is made up of the steady-state set flow rate signal

Qso and the testing signal ,Qs, follows the formula: Qs(t) = Qso +

aQs.

15



time for the detection of clogging. If the orifice is not clogged, the 10 .
operation i mediately returns to the FCS control node, and the procedure
for detection of clogging does not affect the flowrate control. FIG 2
shows signal wavefornms of the set flowrate Qs(t) and pressure PI(t) on
the upstream side when the orifice is not clogged. 15 As nentioned above,
the set flowrate signal Qs(t) fromthe testing circuit 3 1, which is made
up of the steady-state set flowrate signal Qo and the testing signal

%, follows the fdhrustaad@s{tlate sefBW raldiBigna dbs isteaducdlcatfeyet flow

rate signal o is a direct current of 2.5 volts. The testing signal &

is a sine wave signal with an anplitude of 0.5 volts and a frequency of
0.2 Hz. That qfs?'jtgHQH%SetThFI‘GW‘P&t%‘gwli&ngi&/erﬁlas WBve sPgBal-witls asi ne
(cut) interms of volts. 5 The gas used was N2 gas and the tenperature of

G ammrer - The el e o The oready SRl o 3 87 B R scom
flow rate Qs is given as Qs = 2.5 + 0.5 sine (ot) in terms of volts.
5 The gas used was N gas and the temperature of the gas was 21°C.
The unclogged orifice that was tested was 68 um in bore diameter.
The value of the steady-state set flow rate Qso was 69.2 sccm.
In this case, too, the pressure P;(t) on the upstream side is
given as a synthesis of the steady-state pressure P;p and the
10 variable pressure ,P,, that is, Pi(t) = Pyo + AP;. The steady-state
pressure Pjo is a component controlled to the steady-state value,
and the variable pressure AP, is aresponse waveform for the testing
signal 4Qs. The variable pressure 4P, is a strained sine waveform,
If Py is approximated by the sine wave signal, P;o =250 mV, and ,P,
15 =200 sin (wt) mV, then, P, follows the formula: P, =250+ 200 sin
(wt).
FIG. 3 shows signal waveforms of the set flow rate signal

Qs(t) and pressure P(t) on the upstream side when the orifice is

16



I'n this case, too, the pressure Pi(t) on the upstreamside is given as a .
" synthesi's of the steady-state pressure P,o and the 10 variabl e pressure
APl, that is, PI(t) = P,o + APl. The steady-state pressure P10 is a
conmponent controlled to the steady-state value, and the variable pressure
APl is a response waveformfor the testing signal eQ. The variable
pressure APl is a strained sine waveform If P, is approxinmated by the

si ne wave signal, P10 = 250 nV, and &P, 15 = 200 sin (cot) mV, then, P,

fol l ows the fdogged; PThe 2159m’et210001fitg§(t())9%}e & 2 SJ%}"’@@ gpal

S
waveforns of the set flow rate signa and pressure oh the

upstream si de when the orifice is 16 cl ogged. The diameter of the orifice
uged i s 62 mPTEEUPBOSeH Ehatnihesardficieds abloat di0i% icteg gsd abouin pld¥¥dol ngged as
conpared with that in FIG 2. Wen the sanme set flowrate signal (t) =

oot ream si ae 8t B FHOSR L Widfen el A St B AFs BTl 12 o b e
upstreamside wll be P, = 70 + 90 sin (cot). The actual steady-state set
flowrate sin (wt) asin Fig. 2 is given, the pressure P (t) on the upstream side
5 will clearly differ. That is, the pressure P, on the upstream side
will be Py =70 + 90 sin (wt). The actual steady-state set flow rate
was 57.2 scem.
A comparison between FIG. 2 and FIG. 3 shows that the
steady-state pressure P o changes from 250 mV to 70 mV and the
10 variable pressure ,P1 changes from 200 sin (ot) to 90 sin (ot).
Since the orifice is clogged, it is unavoidable that the steady-state
pressure P;o changes more or less.
It is also pointed out that the reason that the pressure P(t)
on the upstream side is delayed in phase in relation to the testing
15 signal_ sQs isresponse delay. Inthe presentinvention, however, the
delay t presents no problem. The above-mentioned variable

pressure oP; was obtained in terms of the amplitude. It may also be

obtained in terms of a Vypp, fhat is, the peak-to-peak value.
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‘was 57.2 sccm A conparison between FIG 2 and FIG 3 shows that the _

st eady-state pressure P10 changes from 250 mV to 70 nV and the 10 variable
pressure oP1 changes from 200 sin (cot) to 90 sin (cot). Since the orifice
is clogged, it is unavoidable that the steady-state pressure P, 0 changes
nore or less. It is also pointed out that the reason that the pressure
PI(t) on the upstreamside is delayed in phase in relation to the testing
15 signal oQ is response delay. In the present invention, however, the

delay r presents nDh@hiabteirs HifeaRAYEIRBRY %ﬁﬂ%X?EﬂggkﬁucQQﬂiﬁge? APl was

obtained in ternms of the anplitude. It my a tal ned erns of a
Vpp, that is, the peak-to-peak value. 17 The inventors noted that the
cloggi ng of the V@r‘l%hléepméﬁgegf’ltaeealéyl dbbat pv.eisufac®®fy thaeaf tye That
is, the fact is that if the variable pressure &I is expressed in Vsin (w

A A ST SR DRGSR AT AR R
= 0.5 sin (wt) volts is given as a testing signal, the pressure
5 amplitude V sharply drops from £ 200 mV to + 90 mV. From this
fact, it is possible to detect the clogging of the orifice by the
decrease in the pressure amplitude V of the variable pressure such
that an alarm for the clogging of the orifice can be set off outside
by using alarm signals.

10 FIG. 4 is a conceptual diagram of signal waveforms
according to the present invention that summarizes the
above-mentioned points. When the flow rate is controlled by the
steady-state set flow rate signal Qso, the flow rate control by the
FCS is interrupted to check the clogging of the orifice.

15 Immediately, the testing signal 4Qs = Vo sin (ot) from the testing
circuit is superimposed on the Qso and outputted.

Then, the response signal, that is, the pressure Pi(t) on the

upstream side is measured. The pressure P(t) on the upstream side

18
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fact, it-is possible to detect the clogging of the orifice by the decrease
" i'nthe pressure anplitude V of the variable pressure such that an alarm
for the clogging of the orifice can be set off outside by using alarm
signals. 10 FIG 4 is a conceptual diagramof signal waveforms according
to the present invention that summarizes the above-nentioned points. Wen
the flowrate is controlled by the steady-state set flowrate signal so,
the flowrate control by the FCSis interrupted to check the cloggi ng of
the orifice. is5madeedipte thet beealddstidlg preAlre RS, P e (aGPD1el rom the
testing ci rcwt IS superl nposed on the Qo and outputted. Then, the

response signha t hat the pressure PI(t) on the upstream S|de IS
maagured Thé"ﬁrsé‘ééeu?%l P|‘(%1)“ 61 Heh upsherdatndsflos ngei Cﬂrﬁb}@rlkpddfutt he
steady-state pressure Plo and the variable pressure AP Vsin (o)t). The

cal cul ated flaworaimy ¥ the fPmies (8&"t= KP%’?F%r}geth% sftg'ié“glrrgss%e_ KPI O

fromthe steady-state pressure anwhi | e, press anpl i tude V

of the variahle _
Pio. Meanwhile, if the pressure amplitude V of the variable

5 pressure aP; is smaller than the limit amplitude V,, it is taken as an
indication of clogging of the orifice and an alarm signal is
outputted to an alarm circuit 46 from the CPU.

It is so arranged that when the orifice is not clogged, the

variable pressure 4P, is expressed in 4P| = Vposin (ot). Therefore,

10 it is judged that no clogging is caused when V, < V < Voo IfV <

Vi, it is judged that the orifice is clogged, an alarm signal will be
outputted.

There is more or less arbitrariness in setting a limit

amplitude V.. That depends on the testing amplitude Vo in the

15 testing signal Qs = Vosin (ot) and also the degree of clogging. In

case of aspecific testing signal ,Qs = Vsin (ot), therefore, the limit

amplitude V. is set on the basis of empirical values.

19



5 préssure APl is smaller than the limt anplitude V,, it is taken as an

" i hdication of clogging of the orifice and an alarmsignal is outputted to
an alarmcircuit 46 fromthe CPU. It is so arranged that when the orifice
is not clogged, the variable pressure AP, is expressed in AP, = Vposin
((at). Therefore, 10 it is judged that no clogging is caused when Vt <V
t5 Vp.. if V:5 M, it is judged that the orifice is clogged, an alarm
signal will be outputted. There is nore or less arbitrariness in setting a
limt anplitBododimEnat2 depends on the testing anplitude Vo inthe 15
testing signal AQ = Vosin (cot) and al so the degree of clogging. In case

of a specific testi signal aQ = Vsin (cot), therefore, the limt
anpl i tEde V, is setﬂg;n {‘ & pdlpek gtagrpmr pEA Pressyas:typs Eebodionsnel 2 FI G

5 is a block diagramof a pressure-type flow control system where the
clogging i s dgt@eied hwrt hh@%l%é@?ﬂ% N9 AREERd Qtn %'orgll{)'gtgigrgoélét%%gi'onl n the
flowrate control node, a steady-sTate set
circuit provided. In the flow rate control mode, a steady-state set .
5 flow rate signal Qso is outputted from a flow rate setting circuit 32,
and the opening or closing adjustment of a control valve CV is
controlled by a CPU and the pressure P, on the upstream side is
controlled to a steady-state pressure P,,.
If the process in this state is shifted to a clogging detection
10 mode, a set flow rate signal Qs(t) = Qso + Vo sin (ot) is outputted
to the CPU from the flow rate setting circuit 32. The CPU controls
the opening and closing adjustment of the control valve CV via an
amplification circuit 40. The pressure P|(t) on the upstream side
shows P((t) = P,o + Vsin (ot). With this pressure amplitude V, the
15 clogging is detected in the same way as mentioned above.
In other words, the detection of clogging in FIG. 1 is done

with a testing circuit 31 provided separately from the FCS. In FIG.

5,the clogging is detected in the FCS alone. In the former, the FCS
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-5 flowrate signal Qo is outputted froma flowrate setting circuit 32, .
" ‘and the opening or closing adjustment of a control valve CVis controlled
by a CPU and the pressure Pi on the upstreamside is controlled to a
steady-state pressure Plo. If the process in this state is shifted to a -
cl ogging detection 10 node, a set flowrate signal Q(t) = o + Vo sin
((ot) is outputted to the CPUfromthe flowrate setting circuit 32. The
CPU controls the opening and cl osing adjustnent of the control valve CV

via an anpliddmsael ontampoudtil ontethep s i€ cPoffin OB tdifispeis &AM si de

shows Pi(t) = Pio + Vsin (c)t). Wth this pressure anplitude V, the 15

clogging is glet ct th in the égme way as nentioned above. In other words,

the detection of* 4G g RCRI eontrol ds fovpacisfd pimultaaepnglici dedvihe 31

provi ded separately fromthe FCS. In FIG 5, the clogging is detected in

the FCS al oneforier] @ wediefeibe chife Kten AP s¢9t EQPndls a&&%&%{tléc{"ff&%er rupt ed
control 'I's

in the clogging detection node. 1In the |atter, the
exercised simultaneously. In the former, however, because steady-state
signals are dﬂ?pﬁﬁsf@cg Ciewit, a short time interruption of FCS control has

5 little effect on flow rate control.
FIG. 6 is a flow chart example for detecting a flow rate
abnormality owing to the clogging of the orifice. This flow chart
is applicable to the two apparatuses in FIG. 1 and FIG. 5.
If it is confirmed in Step n1 that the FCS is in the flow rate
10 control mode, the steady-state set flow rate signal Qso is outputted
from the flow rate setting circuit 32 as the set flow rate signal Qs
(n2). If the pressure P, on the upstream side is measured (n3), the
flow rate Q on the downstream side is worked out by the equation
Q = KP, (n4).
15 Also, the temperature T, on the upstream side is measured
(n5), and the flow rate Q on the downstream side is
temperature-compensated to the calculated flow Qc¢ (n6).

The difference signal Qy between the calculated flow rate
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'the testing circuit, a short tinme interruption of FCS control has 5 little
effrect on flow rate control. FIG 6 is a flow chart exanple for detecting a
flow rate abnormality owing to the clogging of the orifice. This flow

chart is applicable to the two apparatuses in FIG | and FIG 5. If it is

confirnmed in Step nl that the FCSis in the flowrate 10 control node, the

steady-state set flowrate signal o is outputted fromthe flowrate
setting circuit 32 as the set flowrate signal @& (n2). If the pressure P,
on the upstrd&xmsiddace stntagurad Qms wdrked §uoby ke @aelod Iggy dogest ream
side is worked out by the equation = KP 1 (n4). 15 Also, the tenperature

T, on the upstre S .nmeasur ed 5), and the flowrate Q on the
downst r eam si o‘és ?rgnﬁt jm ds &F@aé‘dﬁp@}@ ttha eRFiRg Aalheurarb@iMadve e (ne).
The difference signal Qy between the calculated flowrate 21 Q¢ and the set

flowrate s gw i‘é\ﬂﬁlﬁﬁéjasfé'dts]l?%/httlge(n%ualtﬁ l%mme 199, tRddopehlingy 1S
negative (n8), the opening o e contr val've
of the control valve CV is slightly decreased (nl11). And the
5 process returns to Step n3 again. With this process repeated, the
valve is so controlled as to bring the calculated flow rate Qc to the
set flow rate Qs. Thus, the flow rate of the gas passing through the
orifice is controlled to the initial steady-state set flow rate Qso.
If the mode for detection of the clogging of the orifice is set
10 (n12), the set flow rate signal Qs = Qso + Vo sin (ot) including
testing signal 4Qs = Vo sin (ot) is outputted (n13). In FIG. 1, that
is outputted from the testing circuit 31 and in FIG. 5, that is
outputted from the flow rate setting circuit 32. Because the
steady-state set flow rate signal Qso is superimposed, the clogging
15 detection procedure can be done while the flow rate is controlled.
The pressure Py on the upstream side is detected as P(t) =
Pio+ Vsin(ot) (nl4). The steady-state pressure P,g is for the flow

rate control, and the pressure amplitude V is calculated from the



“CV is increased slightly (n9). If Q is positive (nlO, the opening of the
control 'valve CVis slightly decreased (nl1l). And the 5 process returns to
Step n3 again. Wth this process repeated, the valve is so controlled as
to bring the calculated flowrate Q to the set flowrate Q. Thus, the
flow rate of the gas passing through the orifice is controlled to the
initial steady-state set flowrate Q@o. If the node for detection of the
clogging of the orifice is set 10 (nl12), the set flowrate signal & = (o

+ Vo sin: (cotariatgeugrexgureesk rg VSisgnalo 9Qn F5)V0 15 BabE0ihe pbse iirkUL t ed
(n13). In FIG 1, that is outputted fromthe testing circuit 31 and in

FIG 5,. that is ltuéejt ttedfr Qh%llowrate setting circuit 32. Because
t he steady SR 4P 'Isol\ﬁ/rga’f I gmpli Vlt&ﬂé%’d”ltsﬁédéleéggl ng 15

detection procedure can be done Whl le the flowrate is controlled. The
pressure P, - ahal (Tferens iocd@gyidlg, b 6 BEOELsARBH{d o StePn?. Tn¥alhn (COU)

(n14). The steady-state pressure P,o is for th te contro and
the pressure arrplltude Vis calculated fromthe 22 variable pressure AP, ~
V sin (cot) ( FEgrespp,recgggaltlHédeprveggus(r@aller than the limit amplitude V,

5 (nl16), it is judged the orifice is clogged and an alarm signal is set
off (n17).
FIG. 7 is a conceptual diagram when the testing signal is a
pulse signal. The depth of the pulse signal is the testing amplitude
Vo. In response to the signal pressure P(t) on the upstream side,
10 too, the variable pressure 4P, is superimposed on the steady-state
pressure Pyg. When the depth of this variable pressure ,P,;, that is,
the pressure amplitude V is smaller than the limit amplitude Vt, it
is judged that the orifice is clogged. Other details, which are the
same as in FIG. 4, will not be described.
15 The present invention is not limited to the embodiments just
described and it is to be understood that changes and variatio'ns may

be made without departing from the spirit or scope of the present

invention.



~anpl i'tude V is larger than the limt anplitude Vt (n16), it is judged that
there i$ no clogging, and the process returns to Step nl. Incase the
pressure anplitude Vis smaller than the linmt anplitude V, 5 (nl6), it is
judged the orifice is clogged and an alarmsignal is set o ff (n 17). FIG
7 is a conceptual diagramwhen the testing signal is a pulse signal. The
depth of the pulse signal is the testing anplitude Vo. In response to the
signal pressure PI(t) on the upstreamside, 10 too, the variable pressure

APl is superinposedceortiig sbeady- sindbdimenesstinge Pl e nthen, tagiggpt h of
this variable pressure APl, that is, the pressure anplitude V is smaller
than the Iimt anplitude Vt, it is judged that the orifice is clogged.
Cther det ai | PTERATChalar &5 tHeen atdTad PIFSSHEE P4 omithe upstrepm ddderdasbed, 15
The present invention is not limted to the enbodi nents just described and

g oo % ARIRERAONSLA iy 0SSl I g5 (R s SRl Wk
the pressure amplitude V is merely compared with limit amplitude
5 Vttocheck for clogging of the orifice. Therefore, abnormalities in
the flow rate owing to the clogging of the orifice can be indicated
under simple arrangements.

According to another embodiment of the invention, no
testing circuit is provided separately, and it is possible to check for
10 the clogging of the orifice using the prior art pressure-type flow
controller without modifications. Therefore, abnormalities in flow

rate can be detected in quite a simple procedure.
According to a further embodiment the invention, the orifice
can be checked for clogging by testing signal ,Qs while controlling
15 the flow rate with steady-state set flow rate signal Qso. That has
brought about an epoch-making method in which, while the flow

rate is being controlled, abnormalities in flow rate are checked for.

In other words, the invention of this embodiment has quite
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*According to one enbodi nent of the invention, variable pressure 01 is
© t.akeh otit from pressure Pi on the upstreamside as response to the input
froma testing circuit provided separately, and the pressure anplitude V
is merely conmpared with limt anplitude 5 Vt to check for clogging of the
orifice. Therefore, abnormalities in the flowrate owng to the clogging
of the orifice can be indicated wunder sinple arrangenents. According to

anot her enbodi nent of the invention, no testing circuit is provided

separately, andgrtsiivendssdtls Mln?@?&i(wfiﬂfthel rilo e ré HQOEH 17gn M e fhldgy Ori fi ce
using the prior art pressure-type Tlow controller w thout nodifications.

Ther ef or e, ab,norgaliti es Iin flow rate can be detected in quite a sinple
procedure. Ad8o¥aidytholleY GraH! sysbemiiseriorphd befoenthonbnohmadityf i ce
can be checked for clogging by testing signal AQG while controlling 15 the

flow rate witdetst@adymotiatie sghtefgl ow rate signal (so. That has brought
about an epoch-nmaki ng nethod in which, while the flow rate is being
controlled, abnormalities in flowrate are checked for. |In other words,
the invention of thié ehdwdiotedtthhdsabparmalities in the flow rate can be

5 checked for while the flow rate is being controlled, as a result, in
case the flow rate drops due to the clogging of the orifice, the flow
rate can be so controlled as to be increased by the amount dropped
so that the flow rate of the gas passing through the orifice can be
maintained at a constant level.

10 According to a still further embodiment of the invention,
sine waveform signals can be used as testing signals and therefore
known sine wave electronic technology can be utilized, which can
simplify the circuit configuration.

According to a still further embodiment of the invention,

15 pulse signals can be used as testing signals, and therefore known
pulse technology can be utilized, which makes it possible to check

the flow rate for abnormalities in a simple circuit configuration.
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24 progressive effects as conpared with the prior art detection nethod in
whi'ch the flow control systemis stopped before the abnornality detection
node is started. It is also noted that abnormalities in the flow rate can

be 5 checked for while the flowrate is being controlled, as a result, in
case the flowrate drops due to the clogging of the orifice, the flow rate
can be so controlled as to be increased by the anount dropped so that the
flowrate of the gas passing through the orifice can be mintained at a

constant | eveWhat(sAdeondidng:to a still further enbodi ment of the

i nvention, sine waveform signals can be used as testing signals and
therefore known sine wave el ectronic technol ogy can be utilized, which can
sinplify the circuit configuration. According to a still further enbodi nent
of the invention, 15 pulse signals can be used as testing signals, and

herf o e known ' pul s¢ 0o loaare Gamde i} d1bggthe WY el TS ! fn ROSS1 b €

to check the flowrate for abnormalities in a circuit

configuration.
pressure-type flow controller,

5 wherein the controller has a control valve CV, an orifice, and
a pressure detector to detect a pressure P, on an upstream side
between the control valve CV and the orifice and a flow rate setting
circuit, wherein the upstream pressure P, is maintained about two
or more times higher than a downstream pressure P,, a downstream

10 flow rate Qc is calculated by the equation Q¢ = KP, wherein K is a
constant, and wherein the control valve CV is controlled on the
basis of a difference signal Qy between the calculated flow rate Q¢
and a set flow rate Qs, wherein the method comprises the steps of:

17}
providing a separate testing circuif; |

15 maintaining the control valve in a shut off state;

outputting a testing signal Qs having testing amplitude Vo

from the testing circuit to control valve CV;

measuring a pressure amplitude V of a variable pressure oP;
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.25 Wiat is claimed is:' 1. A nethod of detecti ng the clogging of the

" Orifice'in a pressure-type flow controller, 5 wherein the controller has a
control valve CV, an orifice, and a pressure detector to detect a pressure
P, on an upstream side between the control valve CV and the orifice and a
flowrate setting circuit, wherein the upstream pressure P, is maintained
about two or nore times higher than a downstream pressure P2, a downstream
10 flow rate is calculated by the equation Q¢ = KP1 wherein Kis a
constant, andiwer ressure Roonrdle wpbtireafiVside oot s9kbednanshBasehasis of a
di fference signal Qy between the calculated flowrate ¢ and a set flow

in. hod ises the steps of: ;af providing a
oparate | ociddhibEy rre{o;s(])igco rﬁ{rgf”i‘ﬁ Hg CPHérﬁoYﬁlr"Gl CValamdin a shut of f

separate testl ng’8?r°cruf : _ _ i
state; outputting a testing signal e@ having testing anplitude Vo from

the testing circuigedtth£0ff bRlal¥AhV®rG¥e clogging of the orifice when the

pressure amplitude V is smaller than a limit amplitude Vt.

2. A method of detecting flow rate abnormality in a
pressure-type flow controller,
wherein the pressure-type flow controller does not have a
testing circuit, but has a control valve CV, an orifice, and a
10 pressure detector to detect a pressure P, on an upstream side
between the control valve CV and the 6rifice and a flow rate setting
circuit, wherein the upstream pressure P, is maintained about two
or more times higher than a downstream pressure P,, wherein a
downstream flow rate Qc is calculated by the equation Q¢ = KP,
15 wherein K is a constant, and wherein the control valve is controlled
on the basis of a difference signal Qy between the calculated flow
rate Qc and a set flow rate Qs,

wherein said method comprises the steps of:
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“measlring a pressure anplitude V of a variable pressure AP, 26 of the
" preéssure P, on the upstream side that arises in response to opening or

cl osing adjustnent of control valve CV;, and setting off an alarmfor the
clogging of the orifice when the pressure anplitude Vis smaller than a
limt anplitude Vt. 5 2. A nethod of detecting flowrate abnormality in a
pressure-type flow controller, wherein the pressure-type flow controller
does not have a testing circuit, but has a control valve CV, an orifice,
and a 10 pressureodépeding teotidgt signad 4Qedawirg Resoih g2BmHlIstudamosi de
bet ween the control valve CV and the orifice and a flow rate setting

circuit, whergi upstream.pressure P, is maintained about two or nore
ti mes hi gher ft?hglntag‘?%bvmfﬁastfrse?g}ﬁ%}gr%’sfgﬂ”e P2, wherein a downstreamflow rate
Q is calculated by the equation Q = KP1 15 wherein Kis a constant, and

wherein the contromesshying & peestiureldneslitode Ve PASLS10h & Jirkl 9 &ice
signal Qy between the calculated flow
pressure P; on the upstream side arising in response to an opening
5 or closing adjustment of control valve CV; and

setting off an alarm for the clogging of the orifice when the

pressure amplitude V is smaller than a limit amplitude Vt.

3. A method of detecting flow rate abnormality as defined in
10 either claim 1 or claim 2, further comprising the step of
superimposing testing signal aQs on a steady-state set flow rate

Qso and outputting a resulting signal to control valve CV.
4. A method of detecting flow rate abnormality as defined in

15 either claim 1 or claim 2 wherein said testing signal aQs is a sine

wave signal,
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‘rate'Q and a set flowrate Qs, wherein said nmethod conprises the steps of:
27 ‘outputting testing signal aQ® having testing anplitude Vo froma flow
rate setting circuit; neasuring a pressure anplitude V of variable pressure
AP, of pressure Pl on the upstreamside arising in response to an opening
5 of closing adjustnment of control valve CV; and setting off an alarmfor
the clogging of the orifice when the pressure anplitude Vis smaller than
alimt anplitude Vt. 3. A nethod of detecting flow rate abnormality as
defined in 10 eitHerAchatind ofrdexkatimg2flofwicifecibrormaiising dbansep of
superinposing testing signal o on a steady-state set flowrate o and
outputting a.resul.ting signal to control valve CV. 4. A nmethod of detecting
flow rate abABrA@iMy 9% cg%‘f'? redvhefeinsadd i gsting aignal oRscisakmp@lsgher ei n
said testing signal o is a sine wave signal. 28

signal.

29



‘5. A'nethod of detecting flow rate abnornality as defined in claim1 or
“'clai'm2 'wherein said testing signal aQ is a pulse signal. 29 Legend of
teference letters and nunerals: Reference Significance 2 orifice 4 flow
passage on the upstreamside 5 8 drive 12 gas take-out joint 14 pressure
detector 16 anplification circuit 18 A/D converter 10 22 pressure display
24 tenperature detector 26 anplification circuit 28 A/D converter 31
detection circuit

Legend of reference letters and numerals:

Reference Significance

2 orifice
4 flow passage on the upstream side
5 8 drive
12 gas take-out joint
14 pressure detector
16 amplification circuit
18 A/D converter
10 22 pressure display
24 temperature detector
26 amplification circuit
28 A/D converter
31 detection circuit
15 32 flow rate setting circuit
33 amplification circuit
34 A/D converter
35 clogging detection circuit
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«15 32 flow rate setting circuit 33 anplification circuit 34 A/D converter.
"~ 35 clod®ing detection circuit 30 . a* 40 anplification circuit 42
conmuni cation port 44 external circuit 46 alarmcircuit 5 48 power source
circuit 50 external circuit AMP anplification circuit A/ D A/D conversion
circuit AL alarmcircuit 10 CPU central processing unit Cv control. valve
ES external power source

40 amplification circuit
42 communication port
44 external circuit
46 alarm circuit
5 48 power source circuit
) 50 . external circuit
) AMP amplification circuit
A/D A/D conversion circuit
AL alarm circuit
10 CPU central processing unit
cv control valve
ES external power source
M memory unit
P, pressure on the upstream side
15 P, pressure on the downstream side
Pio steady-state pressure
AP variable pressure
Qs set flow rate Q;
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“M mehory unit P, pressure on the upstreamside 15 P2 pressure on the

" ‘'downstr'eam si de P10 steady-state pressure APl variable pressure Q ~, set
flowrate Q 31 S set flowrate signal QS o steady-state set flowrate
B0 SO steady-state set flowrate signal o SC power circuit SC 32

Qs set flow rate signal Q;

Qso steady-state set flow rate Qo

Qso steady-state set flow rate signal Q,,
SC power circuit SC
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