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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present invention relates to pressure-type flowrate controllers f%ﬁ&g

variety of fluids i nw%ﬁaﬁf;% éﬁgg gsg [n_th %ﬁf@ﬁ
sem conductors, 10 c ; ' 'ﬁeFEJéE% | ke. More
specifically, this inve |(ﬁ LG O,{\? and apparatus for

the detection of thY ERfGEHIRE-TYPE FLOW RATE CONTROL te
controller. 2. Description of the Prior Art 15 In the
past, mass gl ow rate control | eggolRetNEe PTWE@@VE’N‘H@?C' for ~ control
Wi th preci S|gon of the flowin fluid feedleng systens for facilities for
manuf act uri ng sem conductors and chemi cal s. However, the
mass flow rate ¢OogLHQE R IMbaRioR! €sent ed various probl ems I ncl udi ng:

(1) relatively Slow response in the case of the heat type flow rate 20
sensor, (2) poor contThelpresestinvdéntion relatesto priessnre-type flowgatercontmollersafok a of

product -t o- : E@‘ﬂlﬂﬁ.l‘ recisi ' ' r rence of
operating tr oubraensebgn :nauaqﬁ?%glésggefggﬁegé %ete F’é‘ﬁ%ﬁ"{%"?%g&?%&#’g h price
and expensi¥e r chemicasyprecisionrmachine parts, and the like. More specifically, this

invention relates to a method and apparatus for the detection of the clogging of

the orifice in the flow rate controller.

2. Description of the Prior Art
15 In the pasf, mass flow rate controllers have been widely used for
control with precision of the flow in fluid feeding systems for facilities for
manufacturing semiconductors and chemicals.
However, the mass flow rate controller has presented various problems
including: (1) relatively slow response in the case of the heat type flow rate
20 sensor, (2) poor control precision in low flow rate region and lack of product-to-
product precision uniformity, (3) frequent occurrence of operating troubles and
low operation reliability, and (4) high price and expensive replacement parts,
which means high running costs.
Seeking a solution to those problems, the inventors of the present
25 invention conducted extensive research and succeeded in developing a
pressure-type flow rate control system using an orifice as disclosed in Japanese
patent application laid open unexamined under 08-338546.
The pressure-type flow rate control system works on this principle:
It has been known that the flow velocity of a gas passing through a nozzle
80 reaches the sonic velocity if the ratio of the gas pressure upstream of the nozzle
to the pressure downstream of the same — P,/P, where P; = pressure on the



whi ch reans hi gh runnin§ costs. Seeking a solution to those

priobl ens, the inventors of the present 25 I nventi on conducted extensive
research and succeeded i n devel oping a pressure-type flow rate
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orifice will be dependent on the upstream pressure P; only, with a linearity
given by the equation Qc = KP; (K = constant) being established to a high
degree of precision. And, if the orifice is the same, so is the constant K. _
The construction of this pressure-type flow rate control system will now
15 be described with reference to FIG. 12,
The flow passage 4 upstream of the orifice 2 is connected to a control
valve CV that is operated by a drive 8. The downstream flow passage 6 is led
to a fluid reactor {(not shown) via a gas take-out joint 12.
The pressure Py on the upstream side of the orifice 2 is detected by a
20 pressure detector 14, and then sent to an amplifier circuit 16 and displayed on
a pressure indicator 22. The output is then digitized by an A/D converter 18
and referred to a calculation, circuit 20 where the flow rate Q on the
downstream side of the orifice 2 is worked out with the equation @ = KPy (K =
constant).
25 Meanwhile, the upstream temperature T; is detected by a temperature
detector 24 and output to a temperature revision circuit 30 via an amplifier
circuit 26 and an A/D converter 28. There, the flow rate Q is revised for the
temperature, and the calculated flow rate Qc is output to a comparison circuit
36. The calculation circuit 20, the temperature revision circuit 30, and the
30 comparison circuit 36 form a calculation control circuit 38.



upstream pressure Plerr{ is held twice or nore higher than the downstream

10° pressure Plerr], then the downstreamflow rate Q¢ of the gas passing
t hrough t he orifice will be dependent on the upstream pressure
Plerr] only, with a linearity gi ven by the equation err] =

KP[err] (K = constant bei n tab t&g 0 tgp gaee of
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output to a conparison circu The calculation circuit 20, the
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ga! culation control &hegiidg f6Pa fluid to pass through must be well clean. But cuttings,
dust, or the like sometimes remain in the piping and clog the orifice. The

15 clogging of the orifice could cause the flow rate control to fail and make the
operation of the whole plant unreliable, turning out large quantities of faulty
finished products. Furthermore, some gases could become involved in runaway
reactions and trigger explosions. Placing a gasket filter in the piping was tried
as a solution to the problem, but that did not work because it could have

20 adverse effects on the conductance of the piping.

FIG. 13 shows flow rate characteristics exhibited when the orifice is
clogged in comparison with the flow rate characteristics shown by an orifice
after it is purged. Flow rate characteristics shown by the orifice after purging
constitute normat performance that can be expected of a clean orifice. In FIG.

25 13, if the set value is 100 percent, for example, the N, gas flows at the rate of
563.1 SCCM as indicated by the line with circular marks. The subsequent
reaction systems are all designed on the basis of the expected flow rate
characteristics of the orifice with no clogging. In the example in FIG. 13, the
flow rate given by the clogged orifice decreases to 485 SCCM as indicated by

30 the line with box marks, and the designed reaction can no longer be expected.



A flow'rate setting circuit 32 outputs a set flow @ to the conparison

cifcuit 36 through an A/D converter 34. The conparison circuit 36 works out
a signal difference JQerr] between the cal cul ated flow rate err]
and the set flow Jerr] with the equation Qerr] = Qerr] - qerr]

and out puts tha Si e 0 1 v ough an

anplifier circui F Z[%Qedm %é([%gr}ge P'%g{%ise@wtrﬁge-&ﬁwtgln%al V%r%e];m CVin

suchI a way as t%tﬂgfdbgﬂcdnbiﬂoﬁhfffelrence Si gcn%(;; Q/h tﬁgzero f]that IS,

equal i ze t he tregmflow rate. QO with t aet

Wi le the pressure-t P"BV\F ?Pﬂf & ?M@%%Eﬁ%b

control Iing the sdoydhs. rm%hﬁdoﬁaﬁdt&trﬁaduféc&rﬁ@%u%hémmawam Qﬁéﬂféanﬁghsr

upstream 10 pressure Plerr] onl ¥a;tlagﬁ@ drawback is that the tiny orlflce
§

tends to cl &g. méequmgccé gases asa F@amomga?rmwmﬁn@rm and
dust sonet e Gh Rie GAaRutHsl ey Mlsed products. FSYHRITEAAn s (d dlteer™ o

uncontrol | abl e. uid to pass t rough must
be well clean. Ruficadegdings those QBS'USlGQQiaﬂtSdﬁStH&@ﬂ pimejorsoRe’Mes remain in
the piping and clog the orifice. The 15 cl ogging of the orifice could
cause the flowrate control to fall and nake the operation of the
whol e pl ant unreliable, turning SUMMARY QETHGINVENTION of faulty

finished péﬁducts. Furt hernore, sone gases could becone involved in runaway
reactions d trigger explosions. Placing a gasket filter in the piping was
tried as a solTHe presenbinvértionrsolvbstitat problet dThechrasend inventidn dsecause it

coul d have 20 dverse effects on t e of the pLpi.ng.

FIG 13 shovs f 95D hich &, paoqides ameBed BEFrtesthe HogaBa of AR OB Mde | <
clogged in corrpcmssﬁra- flov Rifte EortMliEraNRC R Pedntrol velves an dhficen aby an
ori-fice after it is purged. Flow rate characteristics Shown by the
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per cent, for exanpl e as flows at the rat .1 SCCM as
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downstream flow rate Qc is calculated with the equation Qc = KP; (K =
constant), and wherein the control valve (CV) is controlled by the difference
signal Qy between the calculated flow rate Qc and the set flow rate Qs, the

20 method comprising: a first step of holding the set flow rate Qs at the high set
flow rate Qsy; a second step of switching from the high set flow rate Qsy to the
fow set flow rate Qs. and determining the upstream pressure P; to obtain the
pressure attenuation data P(t); a third step of checking said the pressure
attenuation data P(t) against standard pressure attenuation data Y(t) measured

25 under the same conditions but with the orifice not clogged; and a fourth step of
turning on a clogging alarm when the pressure attenuation data P(t) deviates
from standard pressure attenuation data Y(t) to or beyond a specific degree.

The present invention as defined in claim 4 provides a method of

detecting clogging of an orifice in a pressure-type flow rate controller which has

30 a control valve CV, an orifice 2, a pressure detector 14 for measuring the



reaction s'ystems are al'l’ desi'gned on the basis of the expected flow rate

characteristics of the orifice with no clogging. In the exanple in FIG 13,
t he flowrate given by the clogged orifice decreases to 485 SCCM as

i ndi cated by 30 the line with box marks, and the designed reaction can
no | onger be expected
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It is noted that YRREERM essEe Butherepetwesn and g \flowdete seinoireyit 32 wherein  under
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and the upstream temperature T1 and working out pressure attenuation data
10 P(t) from those measured values; a third step of checking the pressure
attenuation data P(t) against standard pressure attenuation data Y(t) worked
out from the upstream temperature T; and the upstream pressure P; measured
under the same conditions as with the data P(t) but with the orifice not _
clogged; and a fourth step of turning on a clogging alarm when the pressure
16 attenuation data P(t) deviates from standard pressure attenuation data Y(t) to
or beyond a specific degree.
The present invention as defined in claim 7 provides an apparatus of
detecting clogging of an orifice in a preSsure—type flow rate controller which has
a control valve, an orifice, a pressure detector for measuring the upstream
20 pressure P therebetween and a flow rate setting circuit wherein with the
upstream pressure P; maintained about two or more times higher than the
downstream pressure P;, the downstream flow rate Qc is calculated with the
equation Qc = KP; (K = constant) and wherein the control valve (CV) is
regulated by the difference signal Qy between the calculated flow rate Qc and
25 the set flow rate Qs, the apparatus comprising: a storage memory M
memorizing standard pressure attenuation data Y(t) of the upstream pressure
Py measured with the flow rate switched from the high set flow rate Qg to the
low set flow rate Qs with the orifice {2) not clogged; a pressure detector (14)
for determination of the pressure attenuation data P(t) of the upstream
30 pressure P, measured with the flow rate switched from the high set flow rate



pressure detector for ne?asur'i'ng t he upstream pressure P[err] therebetween,

and a 15 flow rate setting circuit, wherein with the upstream pressure
P[err] maintained at about two or nore times higher than the
downstream pressure P2, the downstream flow rate Qc is cal cul ated

wi th the equation = KP[err] (K= constant), and wherein the
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ressure-type flow rate controller which has 30 a control valve CV, an
gr ifice 2, Y pr ¥l the upstream gresaure Ppmajntaingd ahoyt twioor more times higher than
4 the dONRSFRMPRERASPY, Shefldiristredm AORBAEVRSE cAlatad Wik T at e
setting circuit 32 wherein

the equation Qc = KP; (K = constant) and wherein the control valve (CV) is
regulated by the difference signal Qv between the calculated flow rate Qc and
the set flow rate Qs, the apparatus comprising: a pressure detector 14 for

15 measuring the upstream pressure P; a temperature detector 24 for detecting
the upstream temperature T; a storage memory M memorizing standard
pressure attenuation data Y(t) of the upstream pressure P, worked out from the
upstream temperature T; and the upstream pressure Py measured with the flow
rate switched from the high set flow rate Qs to the low set flow rate Qg with

20 the orifice 2 not clogged; a central processing unit CPU for working out the
standard pressure attenuation data Y(t), calculating the pressure attenuation
data P(t) of the upstream pressure P, on the basis of the upstream pressure P,
and upstream temperature T: measured with the flow rate switched from the
high set flow rate Qs to the low set flow rate Qs with the orifice 2 in the actual

25 conditions, and furthermore checking the pressure attenuation data P(t) against
standard pressure attenuation data Y(t); and an alarm circuit 46 for turning on
a clogging alarm when the pressure attenuation data P(t) deviates from
standard pressure attenuation data Y(t) to or beyond a specific degree.



wth the u'pstream pressure Pferr] maintai ned about two or nore tines higher

t han t he downstream pressure P2, the downstreamflow rate Qerr] is
calculated with the equation @ = KP[err] (K = constant) and
wherein the control valve (CV) is 5 controlled by the difference
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20 FIG. 8 is a flow chart for carrying out the method of detecting the
clogging in the second embodiment of the present invention.

FIG. 9 is a graph showing the pressure drop characteristics with
temperatures changed in the second embodiment of the present invention.

FIG. 10 a graph showing calculated values of pressure attenuation data

25 Z(t) with temperatures changed in the second embodiment of the present
invention.

FIG. 11 depicts curves showing differences between standard time
pressure attenuation data Zs(t) measured at 25°C and calculated data of
pressure attenuation data measured with temperatures changed.

30 FIG. 12 is a block diagram of the prior art pressure-type fiow rate



5 ., ' Qerr] téo'the lowset flowrate Qerr] with the orifice
in the actual conditions; and a central processing unit CPU for
checking the pressure attenuation data P(t) agai nst standard
pressure attenuation data Y(t) and an alarmcircuit (46) for

turning on a clogging al armwhen the pressure attenuation data P(t)
deviates 5 f andard pressure attenuation data Y(t) to or beyond a
speci fic degree. T . i : d i in claim
9 provi des an appar at uFéGb]f3 Is a graph %ﬁéﬁﬁ%%ﬁg@%@po gﬁﬁ%ﬂgpﬁﬁcg‘e in a
pressure-type fl purgedcleanand cloggedrorifite, eheasured under the same oonditiginsval ve CV, an
orifice 2, a pressure detector 14 for neasuring the upstream
pressure P[err] therebetween and a flow rate setting circuit 32 wherein 10
with the upssream pressure Plerr] HMESTWORREFERENCEWNUMBRALST nore tines higher
t han thezdownstream ressure P2, the downstreamflow rate Qc is
calculated with t hé® fﬁation x = KP[err] (K = constant) and
wherein the contgol val ve (upstredm flow passage egul ated by the difference
signal err] be%ween t he cal cul ateﬁ flowrate Q and the set flow
rate Qerr], thePapparatus ©YRFE AP PESSBB®ssure detector 14 for 15
measuring the upgtream pregfyee P, a tenperature detector 24 for detecting
t he upstreamtenperature T; a storage nmenory M nmenorizing standard
pressure ati®nuaifon data ¥ifige-adaptedvalMest r eam pressure Plerr] worked out
fromthe stream t eRefy rr] and the upstream pressure
P[err] neasured V\Ay?th t he fﬁow F‘beﬁ\gygt?e swtched fromthe high set flow
rate Qerr] to tke | ow set préssurerdetastaf) err] with

16 amplifier circuit
18 A/D converter
15 20 calculation circuit
22 pressure indicator
24 temperature detector
26 amplifier circuit |
28 A/D converter
20 32 flow rate setting circuit
34 A/D converter
36 comparison circuit
38 calculation control circuit
40 amplifier circuit
25 42 communication port PT
44 external circuit
46 alarm circuit
48 power source circuit
50 external power source
30 AMP amplifier circuit



20 the orifice 2 notfclogged; a central processing unit CPU for working
out the standard pressure attenuation data Y(t), calculating the
pressure attenuation data P(t) of the upstream pressure P[err] on
the basis of the upstream pressure P[err] and upstream tenperature

T[err] measured w4h the fl dtesWM tched fromthe hi gh set flow
rate Qerr] to t\r&bl ow set 8P/§\Ffvﬁ‘%ate Qerr] with the orifice 2 in the

actual 25 condilt i ons, andlafmsighalr nore checking the pressure attenuation

data P(t) agai nst stan enuation data Y(t); and an
alarmcircuit 46 qP(SJr turni nger&r%f&ro%s?ﬁﬁ%&(@%& ng al arm when the pressure
attenuation datag¥ut) devi atsrirol vava standard pressure attenuation
data Y(t) to or bEesyond a specific degree.

6 5 extemnal power SeifF&-r DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a blockydiagram oftorigedemioty € of the apparatus for detection

of the clogging of the orifice enbody] ng& the present invention in the flow
rate 5 cont 881 syst em Power sourcedircu

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention concemns a method and apparatus for detecting
clogging of an orifice in the same pressure-type flow rate control system, such
as the one shown in FIG. 12, which works on the following principle. That is to

15 say, if the upstream pressure P, is held twice or more higher than the
downstream pressure P;, then the flow rate Qc of the gas downstream of the
orifice will be dependent on the upstream pressure P; only, with a linearity
given by the equation: Q¢ = KP; (K = constant) being established to a high
degree of precision. The proportional constant K is dependent on the orifice

20 diameter. In other words, the constant K is fixed as long as the same orifice is
used. It is only when the orifice is replaced with another orifice of different
diameter that the constant K changes.

To regulate the flow rate of a specific fluid to a specific ﬂov; rate Qs,
therefore, the control valve CV is manipulated to regulate the upstream

25 pressure P; 5o that P; = Qs / K is achieved. That is, the upstream pressure P,
is constantly monitored and the control vaive CV is operated on the base of the
upstream pressure P, alone.

FIG. 1 shows an example of the clogging detection apparatus
incorporated in the pressure-type flow rate controller embodying the present

30 invention. This arrangement is identical with the apparatus shown in FIG, 12 in



FI G 2'is a flow chart *df the flow rate control when the plant is in

oper ati on. FIG 3 is a flowchart for working out standard
pressure attenuation data Y(t) used in the nmethod of detecting the
dogging in a first enbodi nent of 10 the present invention.

FIG 4 is a grap ﬁ%m %cﬁiﬂﬂe agHnh
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with the orifice Jd(megparts identicat with those in F16! 12 arg designated bydlikenmefarericer
carrying out the det ec I.N he first

enbodi nent of thé &? pgﬁqe*olﬂgwmgdescnpﬂorgig I'ﬂ%&d t%&‘ eP5 i e chart

for different si Qﬁ&ingdlfferentcharacters FIG 7 is a flow chart for working

out standard pressure uation Y(t WhICh IS t be used in
t he method of® detecti n@glﬁ Wa“%‘ieééd?ﬂﬁa‘lmssmg unita nt of the

present inventi orgicdBtion control circuit 3§|irﬁ=ld3 12 while M déﬂoﬁé%%rﬁolfagé mffoy MNg out
the nmet hod of detecting the ggi ng in the second enbodi nent of the

present inventi orfne reference numeral 42 F‘ﬁ@teé al@ﬂaPTngéﬁ?F‘%‘H@ﬁ% Withthg essur e
drop charact eri stdyfsediqlyan outside qk@m%waag&hwswéw gsnﬁ;ﬁ§wﬁe

enbodi ment of the preSent invention showi ng
cal cul at ed val ueevent ofclogging4&e p@mraaoutcn CireultaSQsnd 5020 qutside Ppwefrrper atures

changed in the 5%9"39;‘93399"&@ a&&%ﬁ%ﬁmﬂm cx,%_ﬂv\gq Azg

FIG 11 depi cts curve oW n ces en stan
pressure attenuatimdmte!;aanal\lb[mnve}rtar) rreasured at 25[err]C and cal cul at ed

I L R R T i
pressure-type f| aiaphrdgm valve, while the drive 8 Is a piezoelectric type drive unit. The 7
alternatives to this drive for the control valve 2 include magnetostrictive type
15 drive units or solenoid-type drive units, motor-type drive units, pneumatic-type
drive units, and thermal expansion drive units.

The pressure detector 14 indicated is a semiconductor restrictive type.
The alternatives to this pressure detector 14 include metal foil restrictive
pressure sensors, capacitance-type sensors, and magnetic resistance-type

20 pressure sensors.

The temperature detector 24 is a thermocouple-type temperature
sensor. A variety of known temperature sensors such as resistance bulb-type
temperature sensors may be used in place of that. '

The orifice 2 used is a bore formed in a metal sheet gasket by cutting.

25 Alternatives to this may be known orifices such as ultrathin pipes and orifices
formed in metal film by etching or electric discharge machining.

The pressure-type flow rate control system using an orifice will be
hereinafter referred to as the pressure-type flow rate control system FCS. The
arrangement shown in FIG. 1 is a pressure-type fiow rate control system

30 including the apparatus for detection of the clogging of the orifice embodying

10



.} FFrG 13 is a graph conparing flow

controller.

characteristics between an orifice purged dean and cl ogged orifice,
measured under the sane conditions. 5 LI ST
OF REFERENCE NUMERALS 2 orifice 4

upstream f |l ow p downstream f| ow passage 8
drive 10 the p?esent '“Ve"BPn'f i ce- adapt ed val ve 12 j oi nt

for tapping gas

Theké wnll now be descriBécthaHofm&l FloRGh& control mode16f the

anplifier circuit Al D converter 15
cal cul ati on ci r cRIegsure-type ﬂmgzate control system §ic8 showr in 3G ég{lt@rreference to 24

t enperat ure det et‘ﬁé?lbwchart in F1&0 2. anplifier circuit 28
flowrate setting circuit 34

A/ D converter
A/ D convert ér

10

15

20

25

30

'ﬂ@e flow chart in FIGc2 showysi the flow irate gpatrol process to be
followed during the operation of the plant. The process is carried out by the
central processing unit CPU according to a program stored in the storage
memory M.

When the flow rate control mode is confirmed in Step nl, the flow rate
setting signal (set flow rate) Qs s input from the flow rate setting circuit 32
(Step n2). The pressure detector 14 measures the upstream pressure P; (Step
n3), and the measurement is referred to the amplifier circuit 16, the A/D
converter 18 and the central processing unit CPU where the flow rate Q is
worked out with the equation Q = KP; (K = constant) (Step n4).

At the same time, the upstream temperature T, is measured by the
temperature detector 24 (Step n5). The measurement is passed on to the
amplifier circuit 26, the A/D converter 28 and the central processing unit CPU
where the flow rate Q is revised for the temperature and converted into a
downstream flow rate Qc (Step n6). In the central processing unit CPU, the
difference Qv between the downstream flow rate Q¢ and the set flow rate Qs is
worked out with the equation Qv = Qc — Qs (Step n7).

The control valve CV is controlled in the following steps to bring the
difference signal Qy to zero. First, in case of Qy < 0 (Steb n8), the control valve
CV is operated in the opening direction by the drive 8 (Step n9). In case of Qy
> 0 (Step n10), the control valve CV is operated in the closing direction by the
drive 8 (Step ni1) and the process returns to Step n3. If Qy = 0, it is judged
that the flow rate control is completed and the control valve CV is fixed at the
current valve opening degree (Step n12). It is difficult to reduce the flow rate
difference Qy to exactly zero. Some leeway may be allowed in Step n8 and
Step n10.

11



38 ‘ cal cul ati*dn coéntrol circuit 40 ampl i fier

cifcuit 25 42 comuni cation port PT 44
external circuit 46 alarmcircuit 48
power source circuit 50 ext er nal povver source 30 AI\/P

el " e vt ow e Bt e s no RO Pk e s
control valve 5crcuitB& The set flow ratex{flewrrate qettutgrsngnal) Qg ds usually givév in
EtEgE:g? BTION Ok Ty_?lttagﬁaﬁgm fic relatipR BrNeen the Se o158 and the tostream
pressure Py, that is, Py = Qs / K, Is established. Therefore, a flow rate range
5 indicated in a voltage range between 0 and 5 volts, for example, would
correspond to a pressure range between, say, 0 and 3 kgffcm? abs. If those
ranges are indicated in percentage, the 100 percent or full scale point
corresponds to 5 volts in the set flow rate Qs and 3 kgf/cm? abs. in the
upstream pressure P;,
10 If set at 50 percent, for example, the set flow rate Qs corresponds to
2.5 volts and the upstream pressure Py of 1.5 kgffcm? abs. The following
description is based on this principle.
There will now be explained the standard pressure attenuation mode
for measurement of reference standard attenuation data Y(t) serving as base
15 data for detection of the clogging of the orifice. This standard pressure
attenuation mode is to examine how the upstream pressure P; will attenuate
when, with an orifice not clogged, the control valve is actuated from fully
opened state to fully closed state. The data thus obtained will be a basis
against which the data obtained with the orifice clogged is checked.
20
Embodiment 1 for ing_orifice ¢l

Shown in FIG. 3 is a flow chart of the standard pressure attenuation

mode, which is used for the method for detection of clogging according to a
25 first embodiment.

The program stored in the storage memory M is actuated by signals
from the external circuit 44. If the standard pressure attenuation mode is
confirmed (n20), a high set flow rate Qs is set as the set flow rate Qs in the
central processing unit CPU (Step n21). The high set flow rate Qsx is usually a

30 full 100 percent flow rate. In this state, the upstream pressure P; is measured

12



The preésent invention edncefns-a nethod and apparatus for detecting

cl bgging of an orifice in the sane pressure-type flow rate control system
such as the one shown in FIG 12, which works on the follow ng
principle. That is to 15 say, if the upstream pressure P[err] is held

twi ce or nore high than the . = downgtream pressure th the flow
rate Q¢ of the ggegmg?%e&?ﬁ%fs |pqi|gtegas ﬁle.rgwm:regrgaque : #ent on
the upstream prewuhgaréﬁs@@rﬂa%ﬂxunumw’alhemﬂhtsmwmwran e. Ata mgg@msi?wt he
equation: Qerr] = [err ‘K = constant) being established to a high

degree of preci sf’@ﬂ’.-th?ﬁéteﬂaigtﬁ“itiﬁnélb“t%ﬁﬁlpﬂr@te@i@ sglegresel Bow rl8 Qshe
orifice 20 di t kd}eds D 5&%“,9" n IS frd s long as
the sane orifi ceé}-lms§ n%menlt%tgsed.sql\?biq?%n y z\?vz'ezﬁ?weﬂ éoért:ﬂ \ivééé&gL %epl aced
wi t h anot her 5 or i Uy 8fpetrient. dinetioer words, thejatiensietion ofithe upsteeagupressing P

h : : ; . I 1 A bl Juid t
speciTie 11 ow ralsSegmine il Bhcn Brech o] Bify R R I] it 1 © 2
mani pul at ed to r tyzera(at which the conteal valgsis fullyxlasedlire Pl err] so that Plerr]

[ Ki hi [ t r re Plgr S
Constant Iy monit or ed a8 WBREEbEbafe FERVieeTeR SERT 4 56 o panant o
t he I f ;Jﬁst (rj denmeasedsgitime Bhe prdssure data — t, PJPm—-iarg gtor%d 2{?& st;br@{ﬁ\gs an
exanple o e doggi ng..detection apparatus . .
pr _ersTTs)ur e-typ® fl B‘&gr}oé\?@d(@%ﬁt ?It;\e!pég Sigfﬁtfg&/?ff?@"{eﬁén Br’&é’e‘?ﬁ?’lffo me’FfM\r}%_nt i on.
ghl s arrangenent jndiatedsidsbietheastitdmens withitBé Afakitnupl) BréBsurd PF sépvingAsi N

basis. The pressure is not always necessary in the form of a ratio. Some other
appropriate method may be adopted instead. Measurements are taken at an
interval of a small amount of time At (Step n26) and measured data — t, -Plle
15 — are stored in the storage memory M until the measuring time ty, is reached
(Step n27). The measuring time tn, may be optional (for instance, 5 seconds,
20 seconds, or the like) as long as necessary data can be stored within that
time, In the next step, Y(t) = exp (- kt) is fitted to the stored data — t, Py/Pm
— by the method of least squares (Step n28) to work out the attenuation
20 parameter k (Step n29).
For actual measurement, it is so arranged that the measuring
time tn is selectable from among 8 courses ranging in duration from one second
to 10 seconds. In the case of an orifice with a bore or inside diameter of 150
microns, the upstream pressure Py is measured 50 times in one course or the
25 measuring time tn.

Thus, standard pressure attenuation data Y(t) is given in the form of
theoretical expression Y(t) = exp (- kt). With the same orifice not clogged, the
attenuation parameter k is a fixed value. These standard pressure attenuation
data Y(t) are stored in the storage memory M.

30 In FIG. 4, the standard pressure attenuation data Y(t) are indicated in
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functi on except that thé présent invention is mcroconputer-controlled. In
FI G 1, the parts identical with those in FIG 12 are designhated by
| i ke reference characters. Consequently, the foll ow ng description
islimted to the parts havi ng di fferent characters. 5

CPU indicates a gentral pracgessing, unit and corr onds_to.the .

cal cul ation cont &Q}P sglf 'E%i‘”f‘ € ﬁ'vilfe ing d- Eh?‘géﬁ%t@'g gévegl"bﬁgdi@t“?re.rmry
M The 1 eb gHeoMEBmOMTBOER ddes riob dinegs REvedto BRIdon& that Way.C istaadi gt i on
with the out side; 44 an outside circuit such as a trlgger' 46 a

circuit for al ar MPpgEaTHPrepRIre Py as actually masyred may dgigingn as gttgn datagur ce
[ [ SC, d 50 | ; 4 AMP
circuit an an lﬂ%ébn‘l@ed?ﬁb"éfanv\%,lﬂée %&%&%&?@ls 160 Eé}g%rﬁ&?[)

designates an anplification circuit cate
converter. 5 O percent, that igifidll epemingdp fulbglesurenyf the gontral valve 6V.cThe ed

pi ezoel ot i oty ERoah i fs nat it B0 it o My 62 S0 B b ' 7

the control val vang Qsstol20ciercent) fert @@mplec tChasge from 108 to 0 pérdenbisichosen or

sol enoi d-type dri ' tQr-t i | L Cat

drive units, and #ﬁ?%{aﬁg(g\gﬁgegﬁﬁg)ﬁis\ﬂéw%ﬁi g%&iceﬂ?ggu%é n m.sy% pressure
det ect or 14 i ndi cat ed The standend pressdrecattenuatiost data Y{tyis datgomeasured undef he
alternatives_ to thi ressure tector 14 include petal foil restrictive
pressure seagor sftheciﬁiﬁmdi J%9€§‘53‘%¥a§&9§,w'%eﬂa€%éﬁt Wgﬁ'sg'iré%-type 20
pressure sensor s state of no clogging in a gehéral SIMBE tedsLHot alRys fiedf thtdbdse a

t her nocoupl e-type t enper or. A variety of known tenperature

: ature sens ar i
sensors such as F@lq’%q"aﬂlfﬁerser%@%where even ifthers is stighf doagings Hesorifigs isve used
in place of that judged as not being cloggd@® IiP fHe pré@nt e, 'ah efroP6f £ d.2 ina
nmet al sheet gaskjet gby cutti nig. °2q§ Al teﬁr natni ves tc')at hi's nmay b_ebﬁﬁown
orifices such asoftherfull srale vglugdsallpwedo An caseckserves as a basisntbe permissiblal il m
by etching el grby g sSCHhEe by
pressur e-tygfé flg_warﬂglﬁgeéjigon?rﬁg? g@%tﬁﬂﬁpﬁg%g’a r?egpiar}qeggeanerrqﬂbg%nme
herei naft er ref efiraynstapcess t he pressure-type flow rate control system FCS.

The arrangemnm&em&vphﬁcﬁl:%dEe&d%r?e&sure-type flowrate control

syst em

Y

The pressure-type flow rate control system FCS according to the
present invention has the advantage of controlling a plurality of kinds of gases
20 with one orifice. As mentioned earlier, it is known that with the same orifice
diameter, the downstream flow rate Qc is worked out with the equation Qc =
KP; (K = constant) as mentioned earlier. It is also known that the constant K
differs depending upon the type of gas.
The constants for N, gas, Ar gas, and O; gas will be designated as Ky,
25 Ka, and Ko, respectively, in the following description. The constant K is usually
expressed in a flow factor FF with nitrogen gas serving as a basis. If the flow
factors FF for N gas, Ar gas, and O; gas are designated as FFy, FFs, and FFo,
then FFy = Ky / Kn = 1, FFa = Ka / Ky, and FFo = Ko / Ky. In other words, the
flow factor FF is the ratio of the gas fiow rate of the actual gas to the
30 conversion flow rate in terms of N; gas, that is, FF = flow rate of actual
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30 i'ncluding the appdratts for detection of the clogging of the orifice
enbodyi ng 10

the present invention. There will now be described the
normal flow rate control node of the pressure-type flow rate
control system FCS hown jin_FI G \17‘ ference to the flow chart
in FIG 2. conversnoq—ﬁgwfrytg gﬁ@?f’ 19%% G 2 shows the flowrate
control process to be Theﬂowfa&&%f&\&@ﬁlefidﬂdk@B?éd&‘}awﬁéﬂm%bf@ﬁ the plant.
The process is carried out by the central processing unit CPU
according to a program.stored in the siabieyhe mennry M

Wien the flow rate conj@asityPde is confipfewfactordfBp ni e flowrate 10
setting signal (set flpwratl Qerr] is|linputifromthe flpw rate setting
circuit 32 (Step n2) Cfhe pressure det 93494 14 neasures the
upstream pressure Plerf] (Stap 3), ang.gBgs neasurenent is referred
to the anplifier circujt 16, cphe AD ceipverter I8 fnd the central
re thg,fTowrate Wor Ked out with the

processing unit CPU whe QTS 0035 _
equation Q = KP1 (K = M_‘ﬁm%amm[elhmwﬂzgas Al "t he sane tine,
t he upstreamsg enperature T[err] is nmeasured by the tenperature
detector 24 (Step nb). The as dontotlkFg arrpllfler
circuit 26, the A/D comi®e %& go‘é{ﬁ‘(}ﬂ?‘rfbe@&ﬁ ‘PS’P standerdcp

pressure attenuation data Y(t) = exp (- kt) is closely related to the flow factor

FF. Like the flow rate, the relation is this: the attenuation parameter of a gas =

FF x attenuation parameter of N; gas. Therefore, if the attenuation parameter

=]

10 kn of N gas is measured, the attenuation parameter k of any gas can be
obtained with this equation: k = FF x k.

FIG. 5 shows a flow chart for the mode of detecting clogging of an
orifice which is actually practiced. It is difficult to detect the clogging when the
plant is in operation. Therefore, it is so arranged that when the set flow rate

15 falls to a certain value — a threshold value that can be set at any value
exceeding one volt — as the production process ends in the plant, the falling
trend of the voltage will be a trigger signal for starting up the clogging
detection mode.

In the present example, if the set flow rate falls to one volt, then the

20 trigger signal Try is input in the central processing unit CPU. It is confirmed
from this signal that the mode is for detection of the clogging (Step n30). And
the storage memory M sends standard pressure attenuation data Y(t) to the
central processing unit CPU (Step n31). The data may be either Y(t) for the gas
to be actually measured or the attenuation parameter k for N2 gas and the flow

25 factor FF. In the latter case, standard pressure attenuation data Y(t) for the
actual gas can be calculated by the equation Y(t) = exp (- kt x FF).

In the present example, a table as shown below is stored as Y(t) in the

16



where the flowrate Qis revised for the tenperature and converted into a
downstreamflow rate @ (Step n6). In the central processing unit CPU, the

20 difference Qy between the downstreamflow rate Qc and the set flow
rate Qerr] is . wor ked out with the equation Qerr] = Qerr] - Qerr]
(Step n7). ntro lve CV.is n.trlleﬁlnthe

fol | owing steps TtﬁraBFln?ﬁ'j"%Be atctge‘mtxakjﬁ\égrg ﬁWS‘eTb?&'ﬁai 'séﬁpr LY
First, in case Ofoﬁtétl'tdogginQ (Step n8), the control valve CVis
operated in the opening

Lrection by the drive 8 (Step n9). In case of

QJerr] 25 > 0 (Stepfediad ted in the

cl osing direction by {H&e, msec. drl Brasst{re:smsoho Pty MO process returns
to Step n3. If Qerr]{=0, it0Ois judged 5.0Q hat thef |ow rate control

is conpleted and the fontrol 20l ve €V is fixed2tt the current val ve
opening degree (Step npl2). 1t40s difficult t@.80kduce the flowrate
difference Qerr] to pxactly gero. $Hone | eewamyworay be allpwed in Step n8
and 30 Step nlo0. . ., There wll pow be described
the set flowrate @ |n the flowrate setting cirguit 32. The set
flowrate (flowrate petting signal} Qs is usually given |n

vol tage, and a specifftTTel Fon perween [ﬂeﬁ fTowTare and the upstream
pressure Plerr], that-Ts; e — e/ K~-1s estabtished. Therefore, a
flow rate range 5 indicated in a voltage range between 0 and 5 volts,
for exanpl e,5 woul d Inthenaxbstep,smehightsetﬁovpr&sQwisinmthitbethiammer&ay, 0

o 2 ko0 ! e hSen'a 18 iy pgressre MG B RSO ol £ 30 2" 2
set flow rate Qstira@douhtingfis stafted (StephB2), andt thé eipstream pressure P, is measured.
This measurement is taken as the maximum pressure Py, (Step n33). Time
counting (with measurement) is repeated a number of times at an interval of a
10 small amount of time At (Step n34) until a set time — the high set time t, — is
reached (Step n35). Then, the flow rate is switched to the low set flow rate Qs
with the time counting reset to t = 0 second (Step n36). In the present
example, it is so arranged that the high set time t, comes 1 second after the
high set flow rate Qsx is input, with the high set flow rate Qsy = 100:percent
15 and the low set flow rate Qs = 0 percent. The high set time t, may be selected
as desired as long as it is a time at which the upstream pressure P; is stable.
Further, time counting (with measurement) is repeated many times at
an interval of a small amount of time At (Step n37) until another set time — the
low set time t; — is reached (Step n38). Then, the upstream pressure Py(ty) is
20 detected (Step n39). If the pressure attenuation data P(t;) (given in relation to
maximum pressure Pg) = Py(t1) / Pm Is within the standard pressure attenuation
data Y(t;) = an error m (Step n40), the display will indicate no clogging, with
the alarm signal AL turned off (Step n42). If that is not the case, i.e., if the
data is beyond the error range (Step n40), the display will indicate clogging,
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upstream pressure Plerr]’. 10- ' If set at 50 percent, for exanple,

thé set flowrate err] corresponds to 2.5 volts and the upstream
pressure Plerr] of 1.5 kgf/cnferr] abs. The foll ow ng description
i's based on this. principle. There will now be expl ai ned the

standard pressure,attenuation e r surenment of reference
st andar d attenua‘ﬁ"ﬂbf'\"ec?gqrg'sﬁqajggg?'{}gﬁﬁn%o%gé@ﬁ * data for detection of
the clogging of the orhdjoneset fileX; BiaPdoniparhtive §MaWnE may be 0.6 sdédn@i¥alg on
node is to exam ne how the upstream pressure Plerr attenuate

wil |

when, with an or$ecprds, fosexamile .y is @%P@Bhtspdnnmliézﬁ cpavepientifred fromfully
opened state to ] §%Eﬁ'ﬁ t E@é{}f‘éﬁ ] Idalgf basi s
agai nst which t héedfﬂcﬁaa%ﬁ%&{ogtﬁgﬁ%e v@?’ﬁg—'tgﬁlesgg’h fg*eéspg'%gge L gw(i:(ir?ec eg&) 20
Enbodi ment 1 f oris givee in thedgatisr ¢fithe upstreagypragsure Py(t) to the maximum praisumn i n FI G
3 is a flow char : . y ' whi ch
I's used for the 8 '?&(’)‘%‘#}?Sr %ggg%égf%gqgluéﬁgg}&g?%@t%gu Fr?é(t)t i(r)1 rglgg%eto first
enbodi mdan}3 : the maximum pres3ire Pp:] dy case the u;laﬁtd;ammﬁh@y i?get gimr?inydM ids
actuate y signal.s .. I extern circ %ﬁ? . St andar
pressure att enua'?*"gr{t 'Fn?&%eri iot?@ebr&sg&@p;dﬁgassu%eﬁwgﬁw g&fmf'?g% rate
Qerr] is set asithbe Inethatfdasa;vthataiculﬂtien fgrmuta mi&ep] n40 will beqr{(&w- Yg%pppsfsl Inlg
unit CPU (Step 1). e, hi set flowrate r i,s usual ly ) u
100 per centi% | O\r/b2 ny ét“em’ﬁﬁ'st ﬁple RIESUEE 2 Wam%%é’r@ﬁ g’é'g'i'JF’e'aE‘F'}r(S]' i's
neasur ed Pi(t) / Pm. If not, the equation should be P(t) = Py(t). In addition] there is a

constant for the pressure attenuation data P(t). What is important is that the

constants for P(t) and Y(t) should be set in the same conditions except for the

clogging.

15 In the present example, the error m is set at 0.2 percent of ES,, that is,

m = 0.002. This error range is merely a scope where the orifice is assumed
unclogged. It is not restrictive, but may be set at 0.5 percent of F. S., that is, m
= 0.005, for example, depending on the precision desired.

In the present example as shown in FIG. 5, clogging is checked at one

20 point of t = t;. That is not restrictive, but it is checked at a plurality. of points.
Clogging may be checked at more points over the whole pressure attenuation
curve.

In practice, clogging is checked continuously at 4 or 5 points of t = t; ~
t = t». Differences between the initial standard values and measured values at

25 respective points are added up and averaged. The average is the basis for final
judgement on clogging.

As is clear from FIG. 4 showing the pressure attenuation curves, the
zone between two dotted lines with a thin solid line as median line is a region
where no clogging is caused. The thin solid line represents measurements with

30 the orifice not clogged, while the dotted lines indicate an error range of * 0.2
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and thé neasurenent is-i'ndi cated as the nmaxi num pressure Plerr] (Step n22),
whi'ch pressure is a maximumvalue in this flow rate range. At a trigger
si gnal fromthe external circuit 44, a | ow set flowrate Qerr] is
set as set flowrate qerr] This nmonment is taken as t = 0 (s)

St 23). The | [ 5 | | t. |
bther words, 1 nePSteR S SHedho st ine benctes prssve ateupton ¢ S e |
determined with frhgeysft RAPMLISFHI1% Eceﬁd ané%égmm@wﬂ %Qﬁ@asm%d”m um

to zero (at which the control valve is | osed

upst r eam pr essur €atpREe pytside thﬁe@i@ﬂéﬁ"%ﬂ%d*@ﬂﬁ@ﬁlﬁ the anﬂge is3iegged2 The and

the nmeasuring tiggmR eg ure data - t, Plerr]/Plerr] - are stored in the
storage 10 menory n ?? The pressure data are given in a ratio of
Plerr]/Plerrg nerel y Sbown in FIG. 6 isch time chart o signals indbe examplashowniin FiG.t he

nocessary in i hedt oy oy fheP Sapel o oy the oh CeEARl FATRGS, ASRED) G 1o

be adopted i nstepassagmfstusenm thecprocess iseset tot thedow set flow rate Qv Themfthe snal |

anount of tine [ sured data - t, [err Plerr] 15
- are stored in u&?é&%@gt' %%%W%EMEE%&WF% ﬁeﬁg]c{s %rr] i s
reached ( ﬁgaqmre& f therneagmmmd isfouind mabdh dlilmkmé) mmobl farige) thenal (for

i nstance, 5_seconds C s, or the like) as |ong as necessary
data can bel&tor Wgrl’ﬂ'ﬁ‘l't‘”ﬂ'ggeﬁ’ ed'on Ntime. In the next step, Y(t) = exp (-

kt) is fitted to the ﬁiﬂfegﬁeséﬁtihventbn, $thrifafd prebstré bttenuation data Y(t)'ahg et hod

of | east squares Ste to work out the attenuation 20 paraneter k

(Step n29). pressure a nuation data Ry inthe form ofecatie erbek maybejused o
arranged that the nmeagnd pfaSent inventiorf is Wt ﬁrﬁr?’d“tb m&&%&%ﬁ@k@a&%ﬂ&amng 8

courses ranging in duration fromone secon econ ''n the
case of an ori f it efbraces varatiensand chengrs indesign withaift departing from theispiribns,
the upstreap er&g&&L@s&m%@d 50 tinmes in one course or the 25

measuring tinme tlerr

Embodiment 2 for ing orifice cloagin

FIG. 7 is a flow chart for the standard pressure attenuation mode to
20 obtain standard pressure attenuation data Y(t) which is to be used as basic data
in the method of detecting the clogging in a second embodiment of the present
invention. This flow chart corresponds to that shown in FIG. 3 in the first
embodiment.
In the first embodiment in FIG. 3, no consideration is given at all to the
25 effect on pressure attenuation of the fluid temperature T on the upstream side
of the orifice in working out standard pressure attenuation data Y(t). That Is
also the case with measurement of pressure attenuation data P(t) in the mode
for detecting the clogging as shown in FIG. 5.
In the detection of clogging in practice, meanwhile, the fiuid
30 temperature T taken in working out standard pressure attenuation data Y(t) is
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Thus, standard pressure ‘atténuation data Y(t) is given in the form of

t héoretical expression Y(t) = exp (- kt). Wth the sane orifice not

cl ogged, the attenuation paraneter k is a fixed value. These
standard pressure attenuation data Y(t) are stored in the storage

menory M 30 SUre . 40n data
Y(t) gre I ndi cat EaacridY H:Iel'\{?ca\:{wﬁw tﬁle ﬂﬁi@?erﬁﬁ{?%ﬂ%r'ga%rgﬁ\ #ﬁg("\?é hﬁ@pﬁé’h BXi mum
val ue being 1. TRathepitds asual that/the ﬁNotemmmtatesmrediﬁer;ntfrgm dabie othex i rmmt but
it does not always hayg tq, be dane. t hat wlnste t . stream
pressure Plerr] as 'acmﬁlnl e m&ﬁ%ﬁ%%&@?%@%m%?@&.

I n the precedi ngfisxembbdiment)i tifdra RoLdifferefitd betivedn that Hedluid tehperddlreper cent
to 5 O percent, that is,, full oFri%nl n?( to full closure of the control

valve Ccv. The  onthe upsiream sideiof, 6% taken fiporkingioutstapdard REASSUTE st ead,
BH may be set tauddatis &R8Y(t) and the v nigalatire T26h srug?ﬁ’éam Ei8E oftRTP! €.

Change from 100 tg O percent is chosen mer e ecause t he
att enuati on shov@ifige ke immersiing the prgssuee attenuption data B(t), the clogging The

standard pressur i rAlql S¥rett stﬁ:ds%afggw r t he

best cond!otions g}ea%ﬁiaﬁ%‘\?vﬁggggéage vﬁhfot e or|I I ce rﬁ%ﬁ%ﬁé@é‘gnw t he

state of no cl ogéirhe tempemstyeerdifferencecof seme d6%C would atuseap emonof sdme B)es';]

condi tions. JTher : r I | s slight dogging, the
"l A S BB P bl

orificeis as not n the present exanple,. an
error of [err] 0.2 pelhesacond embodiment dutknet it FIGSC Zland 8ias beersdevelopedd. | n

This error rangdomisyenk et otiRa Hoding detebtbr aredeor twittighie ks ances.
temperature differences on the upstream side of the orifice. The principle of
the second embodiment is to work out the standard pressure attenuation data

15 Y(t) and pressure attenuation data P(t) by a theoretical formula for fluid flow on
the basis of the detected fluid temperature and pressure. That way, the
clogging detection precision is kept from deteriorating even if the fluid
temperature in working out standard pfessure attenuation data Y(t) is different
from the temperature in checking for clogging.

20 First, the method of working out standard pressure attenuation data
Y(t) will be described. This standard pressure attenuation data Y(t) represents
the pressure attenuation upstream of the orifice with the orifice in FIG. 1 not
clogged at all.

Referring to FIGS. 1 and 7, a program stored in the storage memory M

25 is started by a trigger signal from the external circuit 44. _

It is first confirmed that the mode is for standard pressure attenuation
(Step n20a), and then the set flow rate Qs is set to the high set flow rate Qs in
the central processing unit CPU (Step n21a). This high set fiow rate Qs is
usually 100 percent of the full scale. In that state, the upstream pressure P; is

30 determined and indicated as the maximum value Py, = Py in this range (Step

19



Next, the flow factor FF wil’l* be expl ai ned. The
pressure-type flow rate control system FCS accor di ng to the pr esent
i nvention has the advantage of controlling a plurality of kinds of gases 20
with one orifice. As nentioned earlier, it is known that with the sane

Che equati on e S22 T hioh B8 S R RS ot P f W e By DR Bl or . 11

is al so known thsignallﬁenmhefeﬁmal tﬁrcunt44($tepd12f1£)ei§$|eld€!@ﬂidﬂ'sm fP@Ro t he type
onstants for é$terr and Jerr]

f
gasg\?\nsl | be desi A m&rﬁ?% the flowdate Qsds thea%ﬂ %F@‘P‘?’Fter%tsp&% i vel y,
in the foll owi ngm@gaRaf i Besiginted st ng(s&plmgggﬁé M‘I‘ffseg ﬂoew ﬁ%\%essed in

a flow factor FFWlth nitrogen gas serving as a

factors FF for Neasw! Y@é@rceAFOGJ fulbscaleTaak 5, @agttemaboe@fglmmm] .
rr] = 1,
EE%?H% :FE%2;Hpr/egllupee'r;lr%%erakd’e?:gferrjaﬁﬁferdrrfgspk{ t?ﬁéd}fréngt he:r wor ds,

t he f 1 ow Ma¥mym toreros(fulhlosure ofthe tontrabvajvs). f | ow rate of the actual
gas 10 the 30 CoNVFiasd RlndRAbFat ¢ hETHE uBlirdfn BASeurd BRL g °F =,

flowrate of actual
gas/ conver si on fthewpstzeam tempemtune Taf= TBre aweasured (Step n43a). Time, Pressiiieow

fTZEf gr i for, 65 OMeydth 0 tgﬁ:é’gﬁfigﬂﬁ T %, ﬁ%l’%&}]{lﬁ%{ %p %m%e memory M (Step
n44a). Measurement is repeated at an interval of a small amount of time At
(Step n26a) and continued until the end of the measuring time tn, (Step n27a)
and stored in the storage memory M, The measuring time t, may be, for
example, 5 seéonds or 20 seconds. It is sufficient if required data are obtained
15 over that time,

For actual measurement, it is so arranged that the measuring time t, is
selectable from among 8 courses ranging in duration from one second to 10
seconds and usually set to one of those courses for pressure measurement. In
the case of an orifice with a bore or inside diameter of 150 microns, the

20 upstream pressure Py and the upstream temperature T; are measured 50 times
in one course or during the measuring time t.

Along with the measurement of the upstream pressure P; and the
upstream temperature T, the central processing unit CPU works out standard
pressure attenuation data Y(t) = Zs(t) from those read data (Step n45a). The

25 calculated standard pressure attenuation data Y(t) = Zs(t) are put into the
storage memory M.

In the second embodiment, the standard pressure attenuation data Y(t)
= Zs(t) is worked out by calculating the drop in the upstream pressure Py
according to what is called the theoretical formula of fluid and a value Zs(t) that

30 logarithmically indicates the degree of drop in the upstream pressure P; is

20



Nerr]- SR 1 Clerr]Flerr]

0. 3444 Ar _ 0. 8885

CO 1.0 derr]

0. 935 FF = flow rate of gas/conversion flowrate in terns
of NJerr] gas The invent found that the attenuation
paraneter k of s‘iagH@Eﬁdd" the central g@?ﬂ?@ngﬁghuation data Y(t) = exp (- kt)

is closely related torrthe présemt émisddiment, the followArig fokmhite (Heudedaw rate, the
relation is thisg, n paranmeter of a gas = FF x

t he attenuat]
att enuati on paramé?hc%ff"WL'lﬁﬁé.“‘q‘herefore, |f the attenuation parameter 10
k[err] of N err] gas isp%the attenuation paraneter k of any gas
can be obt ai NEN W=t requat. on{l)k = FF x k[err].
FIG 5 shows a flow chaft for ¥he node of detecting clogging of an

when the 8 % o7 anfinerk P ¥l ' otaest il Uoyda BRGSES pis ' 002

when the set fl apstredne pidssure at apsesofttiment; cS:r drossrsegtidnakarea af therceifico?,d val ue

ot ec e n o Bk e pep RGPS B s conBol A B0 o
a trigger signalTfgpstredmtémperatupe dttinet; 0Ogdnteenal volume of diecfidw fate Cont@!
falls to one volt, then the 20

ri gger 5 gnal PYRBIMACS; and fydinie afer e Hetof mesprape ORE RN, 11 1 s
confirmed g f r omMTiedonstahto0 af theltpécifideat R of gad BgiveATiF e folloving t he
cl ogging (Step n30). And the storage nenory M sends standar
pressure at t enudermysia g8 a Y(t) to the central processing unit CPU
(Step n31). The data rrangﬁ.J@,L,t hee—Y(t) for the gas to be actually

measured or the attengaf par.am!t_er L.fopN err] gas and the flow 25
factor FF. In the | attenkddde, dtkarldard pressure attenuation data Y(t) for

t he actual gas b the equation Y(t) = exp (- kt x
FF) . I‘ﬁﬁ{}ﬁ'e(' %%@éﬁ%%&%ﬁ%ﬁ%s a table as shown belowis
stored as Y(t) in theThe value Zs(t) that logarithmically indicates the degree of drop in the
15 upstream pressure P, is given in the formula (I1II):
C .,/Ro o7 P
Z(H)=—= = xIN=
O cr e
_CAR T, SCYReT
CR T, v
where C,, Ro, and T, are the constant of gas specific heat ratio, gas

constant, and upstream temperature respectively at the initial time (the

standard time) and G, R, and T; are the constants of gas specific heat ratio,
20 gas constant upstream temperature at the time t (n'th round of measurement)

respectively.

Standard pressure attenuation data Y(t) = Zs(t) at ty, t2 ... t, counted

from the measurement starting time t = 0 are worked out by the formula (III)

in the central processing unit CPU. The results are successively put into the
25 storage memory M.
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15 ' stor'dge nenory Mat the initial setting tinme. The table

is taken for conparison to detect cl ogging. Tabl e 2
Ti me, nsec. Pressure sensor output, volts

0 5.00 Zg 50

4. 20 . 40 . . o .

60 The? g@j now be described the detection of the cloggipgof the orifice |

0. 00 5 that is datudlipprattizdd. st ep, the high set flowrate Qerr] is

[ . Wth thi desigpated as t = Q (s)_in a pressure
Irrggghri ng cycl gsagngﬁg‘&ﬁ.$ﬁ%&ﬂqﬂ@mo§eﬁ&g¢%%@mg%ngs started
(Step n32), and aberdiAgtd BeRe@ngenbodintdner Itlis U?ﬁcﬁﬁ%&&é@&émecl%g%g whes

nmeasurenent is taken as the maxi num pressure Pm (Step n33).
counting (wifh ngﬁskg]?%ﬁ't‘ape@WeﬁBﬂ?@derd“ﬁé%@nQﬁﬂtgitrwndheéetﬂm erval of

a 10  small a”%t@?l@ftohicaﬁaiﬁ Valld L & HirBsholPRlue tbt danbe et af ddfaluet M€ i gh

set time tlerr] - | . . _
exceeding one volt — after the production process ends in the plant, the falling

trend of the voltage will start up the clogging detection mode as trigger signal.

In the present example, if the set flow rate falls to one volt, then the

10 trigger signal Try is input in the central processing unit CPU. It is confirmed
from this signal that the mode is for detection of the clogging (Step n30a). And
the storage memory M sends standard pressure attenuation data Y(t) to the
central processing unit CPU (Step n31a). The data may be either Y(t) = Zs(t)
for the gas actually being measured or the standard pressure attenuation'data

15 Zg(t) for N, gas multiplied by a constant A for the flow factor FF predetermined
according tb the kind of gas.

In the next step, the high set flow rate Qg is input. With this moment
designated as t = 0 in a pressure measuﬁng cycle as shown in Table 2, the time
counting is started (Step n32a), and the upstream pressure P, is measured.

20 This measurement is taken as the maximum pressure P, (Step n33a). Time
counting (with measurement) is repeated a number of times at an interval of a
small amount of time At (Step n34a) until a set time — the high set time t, —
comes around (Step n35a). Then, the flow rate is switched to the low set flow
rate Qs. with the time counting reset to t = 0 second (Step n36a). In the

25 present example, it is so arranged that the high set time t, comes 2 seconds
after the high set flow rate Qs is input, with the high set flow rate Qs set to
100 percent and the low set flow rate Qs_ set to 0 percent as mentioned earlier.
The high set time t, may be selected at any point as long as it is the time where
the upstream pressure P; is stabilized.

30 Further, time counting (with measurement) is repeated many times at
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reached (Step n35). Theén, the flowrate is switched to the | ow set flow

rate QSL with the time counting reset tot = 0 second (Step n36). In
t he present exanple, it is so arranged that the high set tine t[err]
comes 1 second after the hi gh set flowrate Qerr] is input, with

t he high set flowr er —10 th et flowrate
Qerr] = 0 perceift grﬁ glg%rpoqq ﬁteﬂﬂyﬂé‘”gle?@g? V\ég — as

desired as | ong méldWs&mmﬁ%mésmmmmthﬁymm pPéstue] i's
st abl e. Further, tine cqunti 1%% rreas%h'le_ﬂeﬂnt&

repeat ed many t i fie@ndthe upstream fgmpemture, ly arg ?Cgﬁﬁ'ﬁ(ﬁepdﬁ’ﬁ smimAt
(Step n37) untilpraggid @] afdhellpd®eam tifperature T, thR¥/detaktell BFEpUtliftb'the -

reached (Step n38). Then, the upstreampressure Plerr](t[err] |s 20

det ect ed (St5ep reorpge mmn@mggawésmwéhtm&aea@stéw eenir@l (gi ven in
relation to r IHETPU SR dat %n@ésrxtaamﬁtzgg A&@%ﬁ;@é ﬁgr%a grl is

within the stanopar pressure attenuat err rr] an
error m(Step n@?ssumuéﬂﬂnenfm pressunei P Qo Shenpriraany gigentdiat isi pressure t he
al arm si gnal AL Jdl)

t he data 1S Eeyon 71 ﬁrSLeﬂFi ?&L%ngée) E g?tepl ?\48;“ t Eg 3?2& aly- \?vt |1 a
i ndi cate cl oggi ng, The calculated pressure attenuation data P(ty) = Z(t;) is checked 16
L e LT S el S BB A by s et e 1 0
seconds, for exathvlstbragarnyem@yat(&w Mﬂ).e ISPt ORI (B) | lstoutsid&ma\aﬂdswaﬂlé for
E’,?{r? arison. In terllr%r %(n%gpm,ethe dlsplay m%ucates C ofq&ﬁg wntﬂethg alarsrr? XL %um on '@i:el on data
n41).
If | P(t1) = Y(ty) | is within the allbwable error range m, the time ts
15 advanced (Step n50), and the second round of measurement, calculation, and
comparison is repeated at t = t,. If the process is repeated untilt = t, (n =
51), no clogging is indicated on the display with the alarm turned off (Step
n42a).
In the mode for detection of the clogging in FIG. 8 according to the
20 second embodiment, pressure attenuation data P(t;) = Z(t;) is worked out in
step n48. On basis of that data, clogging is checked for. If no clogging is
found, the time is advanced in Step 51 for the next measurement of the
upstream pressure P; and the upstream temperature T;.
Alternatively, it may be so arranged that along with continuously

25 measuring the upstream pressure P; and the upstream temperature T; at each
time unit in step n46, pressure attenuation data P(t;) at each time unitis
calculated in step n48 so that, on the basis of this calculated value, clogging is
checked for at each unit time.

FIGS. 9, 10 and 11 show the results of checking the orifice for clogging

30 according to the second embodiment of the present invention. Shown in FIG. 9

23



5 is given in the ratio of the upstreampressure P[err](t) to the

maXxi mum pressure Plerr]. It is not always necessary to give the
upstream pressure P[err](t) in relation to t he maxi num pressure
Plerr]. In case the upstream pressure P[err] is not given in ratio,

racio, o " epreiee S EnsBRaR S B Oy TR ol nao
will be | P[err] @iohs,lat unit Mielt{0.012 sdd), stéhdard tehperature 25°C,Badt is, if the
pressure attenuation data Plerr](t) is given in_rati P&t =

Plerr](t) / P[efpmperpiurgghianges; ‘@‘tﬁi&iﬁmpe@t@rm?é%é ﬁ?@?ﬂ_w](t). I'n
addi tion, there tifodiature 25°C - AIPES SRS In¥IG! {1Par s Eakiuathirsitabr atpy. dat a
P(t). What is inportant 1s that the constants for P(t) and Y(t)

shoul d be s&t | Andslepictethin E6hdil mredifferencesbetween calgulated values Zghd@51Qlg. 15
In the present HPShdakd m | P ; , that is,
m = 0. 002. Thi s%grror rdgnge ?éﬁ%@%@%%@%ﬁ%&%ﬁ?}e tﬁgﬁg}éﬁ%{lgﬁ s assuned
uncl ogged. It i orificstcloggingei ctive, but nmay be set at 0.5 percent of F. S.,

doei red, " A0 of SRR iR o VRl 16 PR il

cl oggi ng i s cheekanif the empe@ture T(Y) at the tinie of the tlogging chetkiag i 10°C higher

restrictive, but |t is checked at .a pluraljt gints. Cl oggi ng
my be chedRed & I%F B‘aﬁgﬁﬂ@"ﬁfgm@ﬁ@%@h@gﬁggﬁﬁs%tdmat i on

curve. characteristic$)(FIG29) drdiecaicOlatedoialigs ZEt) erecshiiost thosdmeaothel y at 4
or 5 points of t = t[errs% .t = th’erg#o foerencseeé‘ b&%ween t he
initial standar @n¢sAttBe ﬁ@rﬁ’m@_&e'@ re Q:- 'E@tshovy gk i®® points are
added up and avgpAGdble 168 taHSiraURe difereh@ 9 amdst Edtpléteyorrected. ] udgenent
on cl oggi ng. As is clear fromFIG 4 showing the pressure

attenuation curves, tAs® result, the orfie cpr bo.skackedior glogging withrhig Rﬁﬁ{!tﬂ'tﬁ thin
solid line,as nmegiApuld tﬂé‘ashfed"’leﬁggl‘aﬁﬂe on the upsﬂ’@ﬁrﬁ%iéﬂ(?s ﬂt}:@lgﬂff@&ntﬁoﬁaused-

The thin solid I'ine represents surenents ‘wit e orifirce not
cl ogged, while thegasdemperatureesadingat the imewhen therstandabpressurerr] 0. 2

17 attenuation data was obtained.

20 As set forth above, the present invention is to check the pressure
attenuation data P(t) measured in actual operation against standard pressure
attenuation data Y(t) measured with the orifice not clogged, and to judge if the
orifice is clogged or not by checking whether P(t) deviates from Y(t) by more
than a specific degree. Therefore, it is possible to check for clogging of the

25 orifice in a very simple process without breaking up or disassembling the piping.
That precludes the possibility of emergencies such as explosions, and ensures
the safety of plants.

In other words, the present invention provides an inexpensive and
reliable method and apparatus for detecting orifice clogging, and contributes to

30 the extensive use of pressure-type fiow rate control systems having an orifice.
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percent of F.S. The thi:ck sdélid |ine denotes pressure attenuation data

i ndi cat ed " inthe ratio. At a point some 1.6 second after the
starting point, the neasured . data are outside the dotted zone,
indicating that the orifice is dogged. The alarmis turned on.

Sh in FIG 6 i t FI G
5 “The 11 se of the tr Eopgenefelsefbindbitogintect B (BB B, ., o
Iqerr]. f‘lt the checking theasifiegfor clogging with highcreltablity, telminating theserfos set to the
ow set ow rat

t t data P(t
as detected at t%g%géﬂg&éerape@?déq&lfferggg%ﬁ\@gqgﬁe%%gergm eﬂéﬁ Iglré. ?f at hfa )
measurenent is fn@pmﬂam@udbeatmémhdeftﬁ%ek:ﬁg fdﬂﬁo@éﬁﬁ@%mﬁ&ﬁspﬁ&ﬁomﬂ’leﬁ?ﬁ si gnal

AL will be turned on. n the present invention andard
pressure att nuatpmgm&ggaeaﬂqgat%hmewhen the peesyuEe attenution defd dat a
P(t), in the forwasdbtaindti o or not, may be used. The
present invention is not limted to those exanples just descri bed,

but enbraces variations and changes in design w thout departing fromthe

spirit 15 and scope of the present invention. Enbodi nent 2 for
detecting orifice clogging FIG 7 is a flowchart for the
standard pressure attenuation node to 20 obtai n standard pressure

attenuation data Y(t) which is to be used as basic data
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in the nmethod of detecting the cl oggi ng in a second enbodi nent of the

pr ésent I nvention. This flow chart corresponds to that shown in FIG
3inthe first enbodi nent . In the first enbodi nent in
FIG 3, no consideration is given at all to the 25 effect on pressure
attenuation of t f q.[ erature T on the upstream side of the
orifice in V\orki\&gato%k‘b's egﬁggrd pressure attenuation data Y(t). That is

al so the case with neasurenent of pressure attenuation data P(t) in the
node for detecting the cl i as shown in FLG .5,

In the detection of c{l'oggi Ad"?fﬁﬁgg%“t%é‘g Cﬁ@&‘ﬂ&ﬁh’é?ﬂ‘%ﬁ"ﬁﬂﬁ?ﬁ&"w
temperature T t aflowrateicontriolidrihichtiasH CONEDN vIVRI(EV); ah Drifiéd £ Udpregsurdlat a Y(t)

. 18
‘arel y i dent’i cal98iRFRr (fifor mepsuring thrynstierm Pressuiedh therebstwesn, agd ediow
cl oggi ng. rate attiRcirclit (325 wHENH, withdhe %émr&ﬁwl%aﬁ@ﬁear e

different from each other. . . n the clogging I's checked by
the method of t RPOHBMALNTRorE tipies figher than the dowiistream RIesSUNeP2, e there is a

difference betwopshaim oW rith ¢ic%s LRURRERIIth Erelequation Qc 2'KF, iR LSt ream si de
K1 ng d preeqssure

of the orifice taken 1 n working out standar attenuati on

data Y(t) and t ifenstant) and whereindthe centrol yalve &/)ipeantrolier en the hssis ofithe _
Check!ng. Sl LFARSED A RARETS AR ROk a0l e . 200
Qs, said method comprising:
a first step of holding the set flow rate Qs at a high set flow rate Qsy,
a second step of switching from the high set flow rate Qs to a low set
flow rate Qs and maintaining the low set flow rate Qs and determining the
15 upstream pressure Py to obtain the pressure attenuation data P(t),
a third step of checking said pressure attenuation data P(t) against
standard pressure attenuation data Y(t) measured under the same conditions
as with the pressure attenuation data P(t) but with the orifice not clogged, and
a fourth step of turning on a clogging alarm when the pressure
20 attenuation data P(t) deviates from standard pressure attenuation data Y(t) by
at least a specific degree.

2. The method of detecting clogging of an orifice in a pressure-

type flow rate controller as defined in claim 1, wherein, with the high set flow
25 rate Qsy at 100 percent of the flow rate (full scale flow rate) and the low set

flow rate Qs at 0 percent (the control valve kept completely closed), the

clogging alarm will be turned on when the pressure attenuation data P(t) at the

lapse of a specific time after the switching of the flow rate to the low set flow

rate deviates from standard pressure attenuation data Y(t) by at least a specific
30 degree.
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that a-tenperature difference of some 10[err] C woul d cause an error of sone
3 10 percent in the detected values of the clogging are.

The second enbodi nent outlined in FIGS. 7 and 8 has been devel oped

to prevent |lowering of the clogging detection precision attributable to
tenperature differences on the upstreamside of the orifice. The principle
of the second enbodinent is to work out the standard pressure

attenuation data 15 3, Y(t)THafetRbd® SFHEtELRA iR iof ;|
t heoretical formula for fluid flow on bkﬁ?ﬁeggag? gﬁ%tf% dtggdgh&ég'gct ed

fluid tenperat ur 83Fh} opelaigswherein standar pressure attenuatios) datY@hentkt ect i on
precision is kep 3 i | Agh = _ ature
in working out s %n&gﬁd%{r%ggﬁgiéat ea%@??do'h hé%fog&## ) [ sex(ﬂ(ff%f@ﬁ
fromthe tenber akifan stienpptéon@anameter cl oggi ng. 20 First, the
met hod of working out standard pressure attenuation data Y(t) wil
be described. This standard pressure attenuation data Y(t) represents

the pressure attenuat hon upsmethacobtetettingaioggingeof an torifitenia aoprefsurstype FI G 1

not cl ogg . Refertring ta FLEGS 1 and 7, a
progr am st or ed iﬁa}'ﬁééeg%’lm{a'ewmﬁﬁ frseol va‘?vq @i‘té‘r?@&eﬁﬁﬁ A$$YGer si gnal
from the ext er nadletectorc(1i) fof 4neasuring the upstream pressuresPf themesbetweah) éﬁﬂ?ﬂ%ﬂﬂat Lhe
' St 0 t t
et 1 ow sl Curerse S GRS Bt e wprueagt Blesks P eiomed | {ho
central processigtgutitvd orGhbte(tiesthighet Ban the dswhit@BmSgressuteopy, iRt € Jerr] is
usual 'y 100 percﬂ of tgle full_ scal e'l%tlagaétnat state, the upstream pressure

Plerr] is 30 NSFRIM JawARte Qo s FRicH thpeqHalioR Q= KRuK Pl err] =
Plerr] in this reng@nt)3héRWherein the control valve (CV) is controlled by the difference

19 signal Qv between the calculated flow rate Qc and the set flow rate Qs, the
15 method comprising:

a first step of holding the set flow rate Qs at the high set flow rate Qsy;

a second step of switching from the high set flow rate Qsx to the low
set flow rate Qs. and maintaining the low set flow rate Qs, measuring the
upstream pressure P; and the upstream temperature T, and working out

20 pressure attenuation data P(t) from those measured values;

a third step of checking said pressure attenuation data P(t) against
standard pressure attenuation data Y(t) worked out from the upstream
temperature T, and the upstream pressure P; measured under the same
conditions as with the pressure attenuation data P(t) but with the orifice not

25 clogged; and

a fourth step of turning on a clogging alarm when the pressure
attenuation data P(t) deviates from standard pressure attenuation data Y(t) by
at least a specific degree.
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n22a). ‘'The high set flow rate JQerr] set as the set flowrate @ by the
trigger signal fromthe external circuit 44 (Step n2la) is held in
that state for two seconds. After that, the flowrate err] is
set to the low set flowrate Qerr]. This nonent i s designated as

t = 0 second (Step n23a). The lo flowrate Is usually O
percent of the full scale. HHRdJpe t}l‘vgj '{q'?ée%méhe@meﬁarbpnﬁqe@sasﬁmc{eiam

pressure Plerr] Haim®ageras, M?Mhetﬂﬁlééﬁ%w g§fw;§‘e P\éf&@v“é?eed from

t he HBXInUﬂltO Zero | osure contro

Measur ement is s(fall saale flow rBte) aod ﬂTEhbWLﬁ@tﬂ@\@@te @steatdhpercer{téttqconW[ err] and
th t t Ti
prgsgllﬁjferezi(r;1 e ta, an(ﬁ I&E feerdéé?@(@té,m@[sdgﬁrl#,h("%rr]vjzh?égaﬂee plu{rei nto

t he st olragfe &rennptytsm sn:emlatlon da_ta P(@n&ﬂ&ﬁ.laﬂﬁaﬁaspem‘igﬁmsaﬂgnbaswghm an |
interval of a s t r . ep._n26a) and conti nue
until the end oﬁ%gﬁﬁgg@éfﬁh& lbﬁ%{ﬁ({%ﬁfdﬁﬁtﬁﬁﬂéfb&argp SUreind stored
in the storage nattemugtion datin¥(tjrtceatleashg speaific degeser ] nay be, for

exanple, 5 seconds or 20 seconds. It is sufficient if required data are
obt ai ned 15 over that tine. For actual neasurenent, it

is so arranged that the ”Eaﬁémeﬂﬁbddﬂﬁétécbﬁgﬂbggxﬁgofan onﬁcesehemeahhe from
anong 8 courses ran%%ng i n duration fron16pe second seconds

and usual | yi%et GRIMSHE Gaim 5, ydherein,thestandp P'B?%é%muﬁ%@ﬁtémﬂn I'n
the case of an %mggup@aﬁgnhgh@dgﬁp(?grelmk@b Vithd Toinfifia;:0f 150 microns, the

20 upstream pressure Plerr] and streamtenperature T[err] are
nmeasured 50 tines Iﬂ’ &e der, rgngthe measuring tine
tlerr]. Al QP On= ghent of the upstream pressure
Plerr] and the upstream t enpé ufe T[err] the central processing
unit CPU works out stang@mrg C, R, andWE@ﬁE%&n@érﬁ%@&ﬂs&%aﬂ%ﬁp?@s&ﬂre- Zs(t)
fromthose read data (Step n45a3r@ cal cul at ed standard pressure
attenuation dat eF"WtF')‘ ot gpg Eﬁ%c‘ré aﬁd@@:lg@ﬁ@'ﬂﬁ@'\' and gas temperatise,nenory M

15 respectively, and P, Cy, Ry, and T: are the arrival time upstream gas pressure,
constant of gas specific heat ratio, gas constant, and upstream temperature,

respectively.

7. An apparatus for detecting clogging of an orifice in a pressure-
20 type flow rate controller which has a control valve (CV), an orifice (2), a
pressure detector (14) for measuring the upstream pressure P; therebetween,
and a flow rate setting circuit (32) wherein, with the upstream pressure P;
maintained about two or more times higher than the downstream pressure P,
the downstream flow rate Qc is calculated with the equation Qc = KP; (K =
25 constant) and wherein the control valve (CV) is controlled by of the difference
signal Qy between the calculated flow rate Qc and the set flow rate Qs, said
apparatus comprising:
a storage memory M memorizing standard pressure attenuation data
Y(t) of the upstream pressure P; measured with the flow rate switched from the

28
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In the-'second enbodi nenty, thHe standard pressure attenuation data Y(t)

= Z[err](t) is worked out by calculating the drop in the upstream pressure
Plerr] according to what is called the theoretical fornmula of fluid
and a value Z[err](t) that 30 logarithm cally indicates the degree of

207" " 11 P HER BPhGH TS Bt Rl Sk ot O it e (ks

In the present eolbggedyent, the followng fornula (I) is used as

“th tical f la of fl

sher o g[ Ief?] :OIrDFEr? ] @ Rfﬁﬁsﬂﬁetwlﬂ)s%%'ﬁfﬂneffmf %B@Fﬂ-&ﬁﬁﬁé@%ﬁ?e
Plerr]; Plerr]: dataP(t) dﬂﬂféuﬁg&earﬁrwéamem With!tAS A6w Pite sWitheld:from the high

cross-sectional area of the orifice 2: err]: constant of specific
heat ratio of ga$e aﬂ°wt‘?FPeQiH o thelpw)set %%ﬂ&t thgtorifice(2)in the actual ' T err] :

upstream t enper akdHdiios, time t; V. internal volunme of the flow rate control
system FCS; and t[err] time after the start of neasurenent (unit tinme X
n). 10 The acc@n%alm@cessm unitiePU fos chedkingiheipressure attenualies i s gi ven

in the follow Nggaty prt) aghiR Btdrdald Préssure attenuation data Y(t), and
an alarm circuit (46) for tuming on a clogging alarm when the pressure
10 attenuation data P(t) deviates from standard pressure attenuation data Y(t) by
at least a specific degree.

8. The apparatus for detecting clogging of an orifice as defined in
claim 7, wherein standard pressure attenuation data Y(t) and pressure
15 attenuation data P(t) are given in the form of Y(t) {or P(t)} = exp (- kt) where
k is an attenuation parameter.

9. An apparatus for detecting clogging of an orifice in a pressure-
type flow rate controller which has a control valve {CV), an orifice (2), a
20 pressure detector (14) for measuring the upstream pressure P therebetween,
and a flow rate setting circuit (32) wherein with the upstream pressure P,
maintained about two or more times higher than the downstream pressure P,
the downstream flow rate Qc is calculated with the equation Qc = KP; (K =
constant) and wherein the control valve (CV) is regulated by the difference
25 signal Qy between the calculated flow rate Qc and the set flow rate Qs, the
apparatus comprising:
a pressure detector (14) for measuring the bressure P; upstream of the
- orifice;
a temperature detector (24) for detecting the upstream temperature T;;
30 a storage memory M memorizing standard pressure attenuation data

29
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[err]

The val ue Zs(t) that

where k. specific heat ratio of gas. _
| ogarithmcally indicates the degree of drop in the 15

upstream pressure Plerr] is given in the formula (I11): [err]

where Clerr], Rerr], and T[err] are the constant of gas specific heath
rati o, gas 0 rature respectively at_the
initial time (the®&%guéﬁg‘g?rg@%%vw5 {h &%[W?F%{" Tl] are

t he constants of a]'ﬂisthampcﬂ'éahﬁprbmn PaheasuredCvith ﬁlﬁmwcrﬁwewﬁéﬁﬂtﬁé‘m

tenperature at t
St andard pressur

tlerr]

count ed

d

out by the fornula
results are duccessi ved Fernital prosessing wait BRU for werkingcpatt therstandand pressure

attenuation data Y(t), calculating the pressure attenuation data P(t) for the
upstream pressure P; on the basis of the upstream pressure P, and upstream
temperature T: measured with the flow rate switched from the high set fiow
rate Qsx to the low set flow rate Q. with the orifice (2) in the actual conditions

21

10

15

20

g oo o s s G el ©

edf romthe rreasurerrent starting tine t 0 are worked
III) in the central processing unlt CPU. The

and checking the pressure attenuation data P(t) against the
standard pressure attenuation data Y(t); and

an alarm circuit (46) for turning on a dogging alarm when the pressure

attenuation data P(t) deviates from standard pressure attenuation data Y(t) to
at least a specific degree.

10. The apparatus for detecting clogging of an orifice as defined in

claim 9, wherein the standard pressure attenuation data Y(t) and pressure
attenuation data P(t) are worked by the formula:

Fle)orPy) = Sev e

JR. T fl
where P,, Co, Ro, and T, are the standard time upstream gas pressure,

constant of gas specific heat ratio, gas constant, and gas temperature,
respectively, and P, G, R,, and T; are the arrival time upstream gas pressure,
constant of gas specific heat ratio, gas constant, and upstream temperature,
respectively,

—
LT
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There will now be descri*bed the detection of the clogging of the orifice
that is actually practiced. FIG 8 is a flowchart for the
node of checking orifice clogging according to the second
enbodinent. It is difficult to detect the cloggi ng when 5 the plant is

in operation. Therefore, it is sﬁf{ﬁW§ the set flow

rate falls to a certain val ue -ig resho Eggc&g@@ﬁgt can be set at any
val ue exceeding one volt - after the production process ends in the
plant, the falling rend e, Wll s f e cl oggi ng
detection node as t-ri%Egpogfadﬁ%ppgéh}sqgr&%&&qd%Q%nq%@{%‘?@gghp exanpl e,
il_f : t he] set fl owm@smmﬂhbmpmeafnnﬁddptetsqré bﬁhogﬁt*biegpkt@ ‘fp theipipirey systeem igl

rlferr] is input.in the central processing unit Lt o ds_confirme

(rom thi s sPgnala fatufats sROERbuat ving o ouficeesa o sctentite a5k Siep
n30a). And oontrélh!ﬁit%h@@ﬁﬁﬁc@?@%ﬁfﬁtﬂwméﬁﬁﬁarﬁﬁﬂ%ﬂaé@cﬁ?fmgfr@ c¥lghenuat | on
data Y(t) to the central processi ngi unit CPU (Step n3la). The data

may be either Y@fficednagressure-type flow rafe coptedligh Basz e ValyeGYYy arerifisgeed or
the standard prg3saRedliccdtratdri4)BF Meadsuring tid i@_;?:sb%éﬁx)c?rés%re!\ﬁ;er r] gas

multiplied by a constant A for the flow factor redet erm ned

accordi ng to thdherehgiween, gad a flow rate setting circuit (32) whieein, with the upstreane hi gh
set flow rghe [ 5}9# Xg’&ﬁ | g%n%ﬁé ; odnatethas t =0
in a pr essé?e asst%‘%rier%r%;/c Eedas S (t)’;'v\ﬁbl;s‘r"l1 a eslagh%r&ar}tlﬂr@m%o%

counting is st apressureSecpe downjtreasmiiow rate Qp istcaleulatadrwiths theeqjation Rci=s

(Step n33a) . 1i KE'UE="EOARAS ARG hnb e e ROl voI0E (S CNPOBEBIIES 21 e
of times at an diffeeancalsignél Gy between the saledlisted flow matec andrthe petrflot rateSt ep

n34a) until a s§tﬁ tr'brre - _the high set tine tferr] - conmes around
(Step n35a). Them, 8PRIENS FUPRNSEE switched to the | ow set flow

rate (ferrhsw th the ddtorage RiefionBl m&fcrzingStindardpre&sued stidnbiatich datga) - | n
the 26 prese% eﬁahrrpl e, it is so arranggcfi ghg’}ﬁtiohe hlgh. ?_g(tj time terr]
comes 2 seconds Y(t) Of the upstream pressure B measured with wWJaks pwitched friomthe Wit h

the high set fl gighrsat flovdté QL ®%the low set flow rathQl, RRh &RbrifB¢2) At | ow set
flowrate Qerr] set to O percent as nentioned earlier. The hi gh set

time t[err] nay¢B89efle| ected at any point as long as it is the time where
a pressure detector (14) for determination of the pressure attenuation

20 data P(t) of the upstream pressure P; with the flow rate switched from the high
set flow rate Qs to the low set flow rate Qg with the orifice (2) in the actual
conditions,

a central processing unit CPU for checking the pressure attenuation
data P(t) against standard pressure attenuation data Y(t), and

25 an alarm circuit (46) that turns on a clogging alarm when the pressure
attenuation data P(t) deviates from standard pressure attenuation data Y(t) to a
specific degree-or beyond that.

31



the upstream pressure P[err] *is stabilized. 30 Further, tine
counting (with neasurenent) is repeated nany tines at

22 an interval of a small armount of time At (Step n37a)
until another set tinme - the low set time t[err] - cones around
(Step n38a). Then, the upstream pressure Pt[err] and the upstream
tenperature T[err] are detected (Step n39afI The upstream pressure
Pt[err] and the upstreamtenperature T[err %hus detected are put into the
5 storage nenory as necessary (Step n47a). In the next step, the central
processing unit CPU works out values logarithmcally indicating the degree
of pressure attenuation of the pressure P[err] on the primary side,
that is, pressure 5t t eBlati &b datdeh Plerr] = Z(ft err]) (Step n48).
The cal cul ated pressure afite o] 3 [err]) > (&$err]) i s checked
10 agai nst the standafiSdriessul £Adt §4nuat]i on da&% Y(t[err]) which has
been put into t he [stor mefory M (Step n49). If | P(t[err]) -
Y(t[err]) | is outsideloBQe al3fom§ﬁe error range m the display

i ndi cates cl oggi ng wi tjt ive ai‘id‘ mALC{turried on (Sfep n4l).

If | P(t[err]) - Y(t[qrroan~i m, thin 3 I bl e error range m the
time is 15 advanced g&p WEP amd the—second|round of neasurenent,
cal cul ati on, and son i|s rgpeated af t = t[err]. If the
process is repeated untifr T = t[err] (n =

CPU —M

=

(@)
o
=
2

[AmP | [A/D} |A/D~28
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51), no clogging is inditated on the display with the alarmturned off

(St'ep n42a) . In the node for detection of the
clogging in FIG 8 according to the 20 second enbodi ment, pressure
attenuation data P(t[err]) = Z(t[err]) is worked out in step n48.

On basis of that data, clogging is checked for If no clogging is

found, the time is advanced in Step 51 fogsthe next nmeasurement of the
upstream pressure P[err] and the upstreamtenperature T[err].
Alternatively, it may be so arranged that along with continuously 25
measuring the upstream pressure Plerr] and the upstreamtenperature T[err]

at each time unit in step nd46, press(gtareittenuati on data P(t[err])
at each tinme unit is calcul ated in st\ep n48 SO that on the basis of
this cal cul ated value, clogging is chn : ch unit tine.

FIGS. 9, 10 and 11 show the results of che for clogging 30

Shown in FIG

9 are
the pressure drop characteristics neasured wijiyh an d&§fice di aneter of 160
mcrons, at unit time t (0.012 sec), ,.._ ¢ tenperature 25[err]C, and

t enper at ure changes: standard teﬁgﬁ? 'Q‘B—P@rﬁl}?@lr,\;(a{prr]c and standard
tenperature 25[err]C - 10[err]C MR n FIG 10 e the cal cul ation
results of Z(t).

[Upstream Pressure
P1: Detection
\n3

y

Downstream Flow Rate_\u 4
Ca;culation: Q=KP1 n

2

Upstream Temperature
T1: Detection ~nN5

Flow Rate Temperature
Revision: Qc « Q ~n6

Flow Rate Difference
Calculation: Qy=Qc-Qs ~n7

nsg

{

CV: Opening
Direction

nn

CV: Closing |
Direction

CV: Fixed ~—N12
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5 And depicted in FI<G 1I-are differences between cal cul ated val ues

Z[err](t) (250 at the standard tine and cal cul ated values Z(t) at
the tinme of checking the orifice clogging. In the
case of the second enbodinent, as illustrated in FIGS. 9 and 10,

even if the tenperature T(t) at the tinme of the clogging checking is

10[ err] C higher 10 or lower than the s dgrd time tenperature
(25[err]C), pressure drop characteri'stics (FIG 9) and cal cul at ed
val ues Z(t) are alnost the sanme as the ones at the standard tine
tenperature (25[err]C). That shows that the ror attributable to a
tenperature difference is al nost conpl etel y{ Start ect ed. As a
result, the orifice can be checked for cloggitfg with high reliability 15

even if the neasured tenperature on the upst juch di fferent
from the gas tenperature readin [ he standard
pressure attenuati on d&tandaad Avbémiabioh Mode 2 As set

forth above, the present invention is to

e
attenuation data P(t) neasured in actual opendtion agai ngtﬁ standard

pressure attenuation data Y(t) the orifice not _
cl ogged, and to judge if the ori{ ég—'_lﬁd?g ged B21 not by checking
whet her P(t) deviates from Y(t) by motereX Wen =B 1a speci fic degree.
Therefore, it is possible to check for clogging of the 25 orifice in a
very sinple process w thout breaking seFeam Presserd]! | ng the piping.

That precludes the possibility of enmelmgnpetestioach d5~d*# osi ons, and
ensures the safety of plants. I n other words, the
present invention provides an inexpensive an& reliable nethod and

apparatus for detecting orifice doggi tg,Qand @Qontrilutas2zo 30 - the
extensive use of pressure-type flow ratet edht(enl0¥y st ens having an orifice.
24 '

Y N24
Upstream Pressureif/ﬁ
Pl: Detection

(’t, £y ) :Memory " N25

t=t+At |—N26

% na2z

Least Square Method Fitting

l (t' %,,%]"’Y(t)=exp(-kt) ~—~nN28

k:Worked Out[~—N29

End
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Especidlly the second enbodi'ment of the present invention pernmts checking
the orifice for dogging with high reliability, elimnating the error caused
by the tenperature difference even if the tenperature T(t) on the upstream
side at the tinme of checking for clogging is nuch apart fromthe gas

tenperature reading at the tinme when the standard pressure attenuation data

was obt ai ned. FIG. 4

—
-
-y
—
—
]
4
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Standard Attenuation Data: Input | o4
Y (t)=exp(-kt X FF)

\
? ‘0- QSR I~ 132

Upstream Pressure
Pm; Detection ~— N33

Y

ni~ t=t+At |

Y n3s
Qs « Qs
t=0 (s) 3%
lr L~ n37
t=t+At <
<t=t b
Y na3is
Upstream Pressure
~ P1; Detection N3 1
N
n40 S
N | Indication of Clogging
Alarm AL: ON

Y

Indication of Non-Clogging| n.o
Alarm AL: OFF e

End
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What is clained is:

of ‘an orifice in a pressure
control valve (CV), an orif
measuring the upstream pres

rate setting circuit (32) wherein,
about two or

mai nt ai ned
pressure Plerr], the

equation err] KP[err] (
valve (CV) is controlled on

between the calculated flowrate Q@ and the set flow rate

met hod conpri sing:

rate Jerr] at a high set f
of switching fromthe high
rate QSL and nmaintaining th
upstream pressure Plerr] to
a third step of checki ngisa
standard pressure attenuati
as with the pressure attenu
cl ogged, and

when the pressure 20 att
pressure attenuation data Y

T 1. A nmet hod of detecting clogging
-type flowrate controller which has a
ice (2), a pressure 5 detector (14) for

sure P[err] therebetween, and a fl ow

W th the upstream pressure Plerr]

nore tinmes higher than the downstream
downstream FI®wbrate Qc is calculated with the

K= constant) and wherein the control
t he basis of the 10 di fference signal Q
s, said

a first step of holding the set flow
low rate Qerr], a second step
set flowrate JQerr] to a | ow set fl ow

elo ining the 15
obtdin the pressure attenuation data P(t),
i essure attenuation data P(t) agai nst

on data Y(t) measured under the sane conditions
ati on dat ut with the orifice not

a f'tq’ﬂsfi%’@p?r;l’ f turning on a dogging alarm
enuatli on data P(t) deviates from standard
(t) by

2. The net hod of det
type flow rate controller g
flow 25 rate Qerr] at ]
rate) and the | ow set

Pi(t)

at | east a specific degree.
ng cltoggi ngj of n( Okj.§e in a pressure-
s defined i i

—-A—wHh the high set
00 p?rcent bf the flowrate (full scale flow

-
e s i st et s et s Aty e vt ot Ay

i 1

IS SEUEUUNIVEVIUINEY SEPUPURUEI Sy

- -

— tg—t— t1—
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flowrate Qerr] at 0 percent- - (the control valve kept conpletely closed),

t he clogging alarmw ||l be turned on when the pressure attenuation
data P(t) at the | apse of a specific tine after the switching of the
flowrate to the | ow set flow rate deviates from standard pressure
attenuation data Y(t) by at |least a specific 30 degr ee.

26 3. The nmet hod of detecting clogging of an
orifice as defined in claiml or claiR¥G2,7 wherein standard pressure
attenuation data Y(t) and pressure attenuation data P(t) are given
inthe formof Y(t) = exp (- kt) where 5 k is an attenuation paraneter.
4, A net hod of detecting clogging of an ori 'ce in a pressure-type
flowrate controller which has a control val V), an orifice (2), a
pressure detector (14) for measuring e upstream pressure P[err]

t her ebet ween, and a flow 10 rate setting ci I pMherein, with the
upstream pressure P[err] maintained ' i

calculated with the equation Qerr] = KP[e€T

Qs < Qsn
(ex Qsu=100 %)

A

Detection of Upstream Pressure| p994
Pm = Po: Detection

I

QS_"‘QsL
t=0 (ex 0%) [—n&2
l ~ 143

Upstream Pressure Pt and Temperature Tt i
Pt, Tt: Detection

t! Pm =PD) P:
Te, Zs{(t)>Intc Memory

Calculation of Logarithmié Value Zs for Pressure Drop Degree
(Standard Pressure Attenuation Data Y(t)=Is(t))

——442a

t=t+At ~—n26a
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constant) and wherein the control valve (CV) is controlled by the

di fference signal Qerr] between the calculated flowrate Qerr]
and the set flowrate Qerr], the 15 met hod conpri sing:

a first step of holding the set flowrate & at the high set flowrate
Qerr]; a second step of switching fromthe high set flow
rate Jerr] to the | ow set flow rate Qgggamgd maintaining the | ow set
flowrate Qerr], measuring the upstream pressure P[err] and the
upstreamtenperature T[err], and working out 20 pressure attenuation
data P(t) fromthose neasured val ues; athird step of
checking said pressure attenuation dat agai nst st andard
pressure attenuation data Y(t) worked obt+ffomthe upstream

tenperature T[err] and the upstfie®an pr Pl er asured under the sane

conditions as with the presgusgint DetasaiomnNodia but with the orifice
not 25 cl ogged; and h step of turning on a dogging

al ar m when t he pressureg, . A%Eenua i a t) deviates from standard
pressure attenuation datgrﬁ?ﬂ'? 31 YD é%;'& - sPlexi fic degree.
27

)

Qs <« Qsn
t=0 (s) —n2a
v
Upstream Pressure
Po = Pm: Detection ~-n33a

i)
ndda— t=t+At S

N
ﬁY :n%a

Qs

Qs « i
t=0 (s) —~~n36a
{ t=t+At e

1Y n38. 46

Upstream Pressure Ptl, Temperature Ttl: Detection k

&
[Pt1, Ttl into Memoryh—n47

Calculation of Log. Value Z for Pressure Drop Degree n48
(Pressure Attenuation Data P(tl)=Z(tl)) ~~ ndla
[
n49 N [Tndication of Clogging
' . Alarm AL: ON
Y
I t=t; +At ~—n50
t=1 N
Y n5l!
Indication of Non-Clogging
Alarm AL: OFF ~—n42a
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5. Fhe net hod of detectirg cl oggi- ng of an orifice as defined in
claim4, wherein, with the high set flowrate err] at 100 percent of the

flowrate (full scale flowrate) and the low set flowrate err]
at 0 percent (the control val ve kept conpletely closed), the
clogging alarmw ||l be turned on when the 5 pressure attenuation data
P(t) at the lapse of a specific tine aft&fGtBe swtching of the
flowrate to the low set flow rate deviates from standard pressure
attenuation data Y(t) to at |east a specific degree. 6.
The net hod of detecting clogging of an orifice as defined in 10 claim4

or claimb5, wherein the standard pressure attenuation data Y(t) and
pressure attenuation data P(t) aéo%d’ roheq ertaﬁﬁ.efg[dﬁgal

[err] 1600 W Q —Cle S at e the
standard time upstream g®s pressure constant of gas specilic heat
ratio, gas constant, Q(f as_._t.gr,r_pga__r.;at__g_r_gnm_l._5_"§._'_ Leépﬁé‘ﬁh}{ﬂdy osnd. Plerr],
Cerr], Rerr], a@d '}? qare the arrival tipe|upstr&aRkigs s¥eessyre,
constant of gas SEECIfI cfhe®]t ratio, gas constamt.,.gamheupﬁtgremn

t enper at ur e, A 1R@Epectigrely. it —o— Checking: ABSTappar at us

for detecting clo"‘gl ng ot an oyifice in a preSsur-e-—v’_‘-e-—-t-jpe floyv rate
control |l er which ntroJ Nalve..(QV)....aniorifice.(2)...
pressure detector & 11) Te msasu d n;g t he upsOritice Jriesstere gﬁpertﬂ]n)

t her ebet ween, 5 and a flow raye settingUnit quné: 032 (Wrerein, {with the
upst ream pressur e aP[ ef#g oo el TN "i"r’fé'd"'ab’éj‘lJt""t‘V\b"‘()'f'""r'r't')'r"é"t'i"r'fé's hi gher
t han t he dovvnstre&mpres ure Plerr]; a t he domstraamflowrae Qerr]
is calculated w t@ t hgpegiuat t.on..J. e~rr] S [e.r.r.]...(..K.-zA-‘--.; ---------------------
. ;=_; v ;\:- : .
@ =
g 400 ............--.....-...-u...................&.. ............ : .....................
Bt ol M
o) 7 G
D00 Fovrrrnreremrerermeerstevesiserereerienissasar s senes senmneenanes PG
0 I | l
0 5 10 15 20

Unit Time: nth

9/13



25 constant) and wherei n ‘tthe control valve (CV) is controlled by of the
di fference signal Qs between the calculated flowrate err] and the
set flowrate Qerr], said appar atus conpri si ng: a
storage nenory M nenorizing standard pressure attenuati on data Y(t)
of the upstream pressure P[err] neasured with the flowrate switched from
t he 28

high set flowrate Qerr] to the | ow set lt]]ﬁovymrate Qerr] with the orifice
(2) not cl ogged, a pressure detector (14) for
determ nation of the pressure attenuation data P(t) of the upstream
pressure Plerr] with the flow rate switched fromthe high 5 set flow
rate Jerr] to the low set flowrate err] vvith the orifice (2) in the

act ual condi tions, ) ntra(.Jllg(i ocgssing unit CPU
for checking the pressupe attenu&f’f‘@ﬁmﬂ Temper%ﬁilfﬁ F§ gal nst standard
N(t), .and; : "_an allarmcircyi{ (46)
for turning on a cloggi ngl al &g mvvher:l t he pressure 10 o zattemdardt 258n] dat a
P(t) deviates from stan(g uré attenuatlon dat gY@ iche®ing: 25T at

| I f I r Jm s vs smsavvstuverlRuiusnrr v nerhanuYbsnbess sRivebenan .
east a spec o deg e : Z Checking: 15¢
b [ —o— Z Checking: 35C
Eas
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& i _Unit Time: 0.012 (sec.)
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8. The apparatus for- detecting clogging of an orifice as defined in
claim?7, wherein standard pressure attenuation data Y(t) and pressure 15
attenuation data P(t) are given in the formof Y(t) {or P(t)} = exp (- kt)
wher e k is an attenuati on paraneter. 9. An
apparatus for detecting clogging of an orifice in a pressure- type
flowrate controller which has a control valve (CV), an orifice (2), a 20
pressure detector (14) for neasuring the FJﬁstlrleam pressure P[err]

t her ebet ween, and a flowrate setting circuit (32) wherein with the
upstream pressure P[err] mai nt ai ned about two or nore tines higher
t han t he downstream pressure P2, the downstreamflowrate QC is
calculated with the equati on Q[errcbmﬁtlfﬁ{ eI‘én]pefzK:u?e Change 3onstant) and
wherein the control vél¥%e \ 2 v - si gnal

Q err] between the cal cul ated fl ow rate Q@ and t‘re-se-t—H-aw—rTa't-e:?:gB r],
t he appar at us gCe@gmpr.i.si.ng; : o s heckiag e 2Phr (14)

................................................ A A7 ChedKinge 15T

for measuring the pressure P[err] upstream of th
a tenperature detector £4) for detgcting the: ‘uppt [Lam# Qﬂg@{lagurag-ﬂ[ err];

30 a rst or Qg BITOT'Y "M’ rf!er’mrl ZI'mg- Stand.a.r-d—pu-ess-u-u-e—at- gnuati on

dat a =] 29°
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Y(t) of t he upstream pressur'e P[err] worked out fromthe upstream

tenperature T[err] and the upstream pressure P[err] nmeasured with
the flow rate switched fromthe high set flowrate Qerr] to the
|l ow set flowrate (Jerr] with the orifice (2) not dogged; 5

a central processing unit CPU for working out the standard pressure
attenuation data Y(t), calculating the pressure attenuation data P(t) for
t he upstream pressure Plerr] on Fb® kasis of the upstream pressure
Pl[err] and upstream tenperature T[err] neasured with the flow rate
switched fromthe high set flow rate Qerr] to the |l ow set flow
rate Qerr] with the orifice (2) in the actual conditions 10 and
checking the pressure attenuation data P(t) against the standard
pressure attenuation data Y(t); and an alarmcircuit (46)
for turning on a clogging alarmwhen the pressure agtgpuation dat a
P(t) deviates from standard pressure attenuation data Y(t) tlo at

| east a specific degree. 1! 10. The apparatus for detecting
dogging of an orifice as ined in claim9, wherein|the standard
pressure attenuation data Y(t)§ agd pressure attenuatj on data P(t)
are worked by the formul a: e/ [err]
where Plerr], Clerr], Rerr], Jand T[err] are the standard tijme_upstream gas
pressure, 20 constant of ggs specific heat ratio, gas constant, and gas
t enper at ur e, respegt i &y, and Plerr], Cerr], Rerr], and T[err]
are the arrival tine upsf?eaqﬁa S pressure, constant jof gas specific
heat rati o, gas constant, ang upstream t enper at ur e, rlespectively.
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FCS Flow Rate Characteristics
(Clogging Reproduced)
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