METHOD FOR WATER HAMVERLESS OPENI NG OF FLUI D PASSAGE
AND METHOD FOR SUPPLYI NG CHEM CAL SCLUTI ONS AND DEVI CE
FOR WATER HAMMERLESS OPENI NG FOR WHI CH THE METHOD | S
USED Field of the Invention [0001] The present
Invention is concerned with inprovenents In a water
hamer prevention systemw th which the water hanmer
effect Is conpletely prevented when pronptly opening
a fluid passage, and Is nore specifically concerned
with a nmethod for water hammerl ess opening of a fluid
passage, a nethod for feeding chemcal solutions, and
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It has been wi dely known thgj en a passage through
which a liquid, such as water or the |like, passes is

abruptly closed there occurs the so-called water
hammer with which the pressure rises Inside the

@' %ﬁ%g?neofﬁv% ﬁ%wpst ream side of the closed point In a
, thereby causing various probl ens
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DRGRRAtdF WHBh IR I SoFdting 2SRk Wassage, and Is more specifically
concemed with a method for water hammerless opening of a fluid passage, a
method for feeding chemical solutions, and a device for water hammeriess
opening for which the method is used so that the fluid passage is opened quickly
and surely without causing the occurrence of a water hammer effect on the

upstream side of the fluid passage Irrespective of the degree of the fluid

pressure involved.

Backaround of the |nvention

[0002] It has baen widely known that when a passage through which a liquid,
such as water or the like, passes is abruptly closed there occurs the so-called
water hammer with which the pressure rises inside the passage on the upstream
side of the closed polnt in a vibratory manner, thereby causing various problems
such as the breakdown of devices or instruments connected to the passage due

to the water hammar,
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ei ther one of the follow ng nmethods, that is: (1) the
time for closing a fluid passage is set to be
slightly longer, or (2) the vibrating pressure
generated inside of the passage is released to the
out si de by openi ng a bypass passage, or is absorbed
by a separately installed accunul ator. The forner
method is found to be tine-consunm ng for closing the
fluid passage, thus resulting in failure to neet the
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r%ltgument 2: Toku-Kai No.2000-10602 Public Bulletin
‘ent Docunent 3: Toku-Kai No.2002-295705 Public
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f%%%ﬂér%ﬂﬁe IR freéel?t? ygg}s? Flowever, in fields where a small flow quantity is
involved, for example, in a field where wafer cleaning in semiconductor
manufacturing or chemical products manufacturing are encountered, it has
become very important to prevent the occurrence of a water hammer at the time
of urgent closure of supplied fluid in order to improve maintenance of facilities,
improve product quality, and, further, achieve upgrading of so-called throughput
characteristics in the manufacturing process.
[0005] Patent Document 1: Toku-Kai-Hei No.7-180235 Public Bulletin

Patent Document 2: Toku-Kai No.2000-10602 Public Bultetin

Patent Document 3: Toku-Kai No.2002-295705 Public Bulletin

[0006] On the other hand, the inventors of the present invention have

developed and disclosed technigues to solve the afore-mentioned problems
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hammer effect, nanely, (1) not being able to cope
fully with urgent passage closure without basically
setting a slightly longer a closing tine of the fluid
passage, and (2) not being able to cope fully with the
rising facilities' costs incurred by addi ng neasures
that basically absorb or release the vibrating
pressure. Thus, the present invention makes it

possi ble to abruptly close a fluid passage quickly
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the valve in advance of actual closure, and in order to make it possible for the
fluid passage to close without a water hammer forming, by actually conducting
valve closing tests so that the actuator of the valve body is operated by an
electro-pneumatic conversion device in which valve closing conditions are

stored. Thus, water hammerless closing of the fluid passage is achieved

quickly and surely.

Disclosure of the Invention

Object of the Invention

[0007] Water hammerless closing techniques for a fluid passage have
previously been developed by inventors of the present invention and allow the

fluid passage to be abruptly closed, quickly and surely, without causing a water
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years, in fields such as the sem conduct or

manuf acturing facility industry, the chem cal and
pharmaceutical industries, and the |like, there has
been a strong desire to reliably prevent the water
hammer effect at the tinme when the fluid passage is
abruptly opened and not only at the tine when the
fluid passage is abruptly closed. The conventiona
measure for preventing a water hammer at the tinme of
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éll\s’act» Fnrat B‘nae e requured%r ea<91 [Sro)cess of cleaning is shortened to improve
so-called throughput characteristics. Furthermore, with use of the
afore-mentioned new treatment-type semiconductor manufacturing facility, it
becomes inevitable that the frequency of valves opening and closing increases
because wafers are treated singly. Therefore, there is a need for stable water
hammerless valve opening and closing methods. As such, it has become a
strict requirement that a liquid supply system does not cause pressure
fluctuations while wafers are processed.
[0008] It is an object of the present invention to solve the afore-mentioned

problems encountered with semiconductor manufacturing facilities, cleaning

equipment and the like, and to provide a method for water hammeriess opening
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of a fluid passage, and a nethod for the supply of
liquid, and a device for water hamerl ess openi ng,
for which the method is used so that the fluid supply
passage is surely and abruptly opened in a state of
wat er hanmerl| essness. Means to Achi eve the Object

[ 0009] Inventors of the present invention have

concei ved of how to open a valve by a nmulti-step

nmet hod, in which a valve body of the valve blocking
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occurs by enploying the nethod of the present
invention for opening the valve. Fromthe results of

ghe aE oAﬁ-.rrenﬁi @ed tests, the inventors of the
i e l|learned how to prevent the
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f d I
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rggg}s ﬁ.g F s é‘rgé)rgltglﬁgq S uahta% fnvlgfc’ltgﬁh%};) th?a&argsent invention have
learned how to prevent the occurrence of the water hammer effect by making the
stopping position of the valve body at a first step come within a specified range
when the valve is first opened.

[0010] The present invention has been created based on the afore-mentioned
findings. The present invention, as claimed in Claim 1, is fundamentally
constituted so that, with the method by which the fluid passage is made open by
means of the actuator operating type valve provided on the fluid passage having
a nearly constant pressure inside the pipe passage, first the valve body is moved
toward the direction of the valve opening by increasing or decreasing to the

prescribed set value the afore-mentioned driving input to the actuator, and the

driving input to the actuator is held at the afore-mentioned set value for a short
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period of time, and then, the driving input is further
i ncreased or reduced to place the valve in a state of
full opening, thus the fluid passage is opened w t hout
causing a water hanmmer. [0011] The present invention
as claimed in Caim2 according to Caimlis nade so
that the valve is a nornmally closed and pneunati c
pressure operating type diaphragm valve, or a
normal Iy cl osed and pneunatic pressure operating type
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[0013] The present invention as claimed in Claim 4 is fundamentally
constituted so that a device for water hammerless opening of a fluid passage
comprises a valve body, an actuator to drive the valve body, a vibration sensor
removably fixed to the pipe passage on the upstream side of the valve body, an
electro-pneumatic conversion control device to which a valve opening/closing
command signal is inputted and with which the actuator operating pressure Pa
inputted to the actuator is controlied by a control signal Sc stored in a data
storage part in advance, and a computation control device equipped with a
comparison computation circuit to which a vibration detecting signal Pr from the
afore-mentioned vibration sensor, a step pressure setting signal Ps to be

supplied to the actuator, a step pressure holding time setting signal Ts, and a
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perm ssible upper limt vibration pressure setting
signal Prmare inputted, and wth which the

af ore-nmentioned vi bration detecting signal Pr and the
perm ssible wupper limt vibration pressure setting
signal Prm are conpared, and the afore-nentioned step
pressure setting signal is adjusted, thus outputting
the control signal Sc consisting of the

af ore-nentioned holding tine setting signal Ts and
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rrese{g n ircuit erm Ssi Ie upper i
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si(gga{l g‘?ﬁ’ exceeds t he tf)erm ssi bl e uﬁ? [imt
o ystit pleBsRigPRUEctating senghie tertheidat starage part of the
atf cgct uat or operating signal is step-changed,
fies-menlionedeletiePuey PHGCRNVERPN cortrgl deigpust ed
@@V\@i’:d the risi nrg direction, and when the vibration
{8t They PegspRhinveption g8 lainedls Glaimissasarding fpplaim 4 is
ldﬁ%{ﬁ{‘%{i bratl on pressure setting signal Prm
§ &P \fhals thercamputation gemrol Glsuicat Gamgprises < alep pressure
made to zero fromthe intermediate step operating
?ﬁ‘@!%ﬁ':"éi't @nleiding Jimg seling cirgat.1g ﬁg"s'ﬁgglgl um@rulmt vibration
usted toward the |owering direction. [0015] The
é Rsettingeriicribn yibration; pressyra defedting sirawit and iargpnoparison
constituted so that an el ectro-pneumatic
(i%'PR}g‘]?’s‘?rbﬁ"%tv@@@ w?ﬁr‘f“ge‘ﬂb'é“'@'&td&te(‘éwgr%@@' dr exaeeds the
storeﬁqthe coptrol signal Sc fromthe conputation
le yepek it V&”ﬁt'@hat%éﬁrme@t%ng;ﬁlgpat Prradmmeadiately after

ﬁ' ec neumat i ¢ conversion part; the actuator
t uato operating signal is step-changed, the step pressure setting signal

Ps is adjusted toward the rising direction, and when the vibration detecting signal
Pr exceeds the permissible upper limit vibration pressure setting signal Prm
immediately after the actuator operating pressure is made to zero from the
intermediate step operating pressure, the step pressure setting signal Ps is
adjusted toward the lowering direction.

[0015] The present invention as claimed in Claim 6 according to Claim 4 is
constituted so that an electro-pneumatic conversion device comprises a data
storage part that stores the control signal Sc from the computation control device,
a signal conversion part and an electro-pneumatic conversion part; the actuator

operating pressure control signal Se is outputted from the signal conversion part
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operating pressure control signal Se is outputted from
the signal conversion part (7) to the

el ectro-pneumati ¢ conversion part based on the contro
signal Sc' stored in the data storage part in advance
so that no water hammer is caused. [0016] The present
invention as clainmed in Caim7 is fundanental |y
constituted so that a device for water hamerl ess
opening of a fluid passage conprises an actuator

rati type val ve install on . the fluid passage
B et b adifcanve Rt Bpd Pared 0 ibe cParaligy S stored
2-step, actuator _gperatin ressure Pa to the actuator
6‘65? 5‘?‘%?3‘0%&%%9)@%6%%35{ NG Wl hammeEisREBed:

[ to the pipe passage on the upstream side of the
GPIEE. bt (RnSeRaENaaRGT o Rmetnp (GBn vEI (o furdaumantall
t uni. ox .fo ich the vibration detecting signal Pr
%‘B}S@E?%fg Sp H%‘%%\Het"ﬁ@ for watari hamraeriess openingpfiacthid passage
fromwhich the control signal Sc is outputted to the
EArRASES- 3Th acatar enekangy @Pg rradueyinstalied opgiherflid passage, an

te oRerat in ﬁres,sure Ps' of the afore-nentioned )
Jeclospheiimatis Sphyaraiont Ao Jesuahl ap2-siap caateatau aperating

t he 2-5‘;e{o, actuator operating pressure Pa of the step
RpasweiRfyloptheadatoraperatipng bievalies a vibratipm saps@rremovably
folet ecting signal Pr nearly zero, fromthe _

Bed dp the BW&R?&P?QP 8 e He$tsan sidef thy afoderantieged acwator
control signal Sc. [0017] The present invention as
WeRUNASYPR velve, apdsa tuning, Resiwhishthe vibsation deteetingssignal Pr
c{;at,hat’ V\‘i"th the nmethod for opening a fluid passage for

Feted dhroyoh the vihsation, sepsar ds 4 dbrd fffopg avhigh theecontrol
upstream side of the actuator operating type valve
e 26118 quipntted do the electierpaaumatic aenveardion derige ite sontrol the

Sg{_?('ei%ectin% signal Pr is inputted to the tuning box,
OpRAHNG (RrRSSUER Fiso of $hey glare-gpentionpst (3eteptantiatgr pparating

p{lj%ﬁlugg E’E’:l: gﬁlgtto?%tggﬁ tﬁ(la ggsftér? _agtﬂgtuorrrgt)ie%tigg r[])}/cfsrsfli'eolga of the step
operating pressure Ps’, which makes the vibration detecting signal Pr nearly
zero, from the electro-pneumatic conversion device by adjusting said control
signal Sc.

[0017] The present invention as claimed in Claim 8 is fundamentally
constituted so that, with the method for opening a fiuid passage for which a
vibration sensor is removably fixed on the upstream side of the actuator
operating type valve installed on the fiuid passage, and the vibration detecting
signal Pr is inputted to the tuning box, and then, the control signal Sc from the
tuning box is inputted to the electro-pneumatic conversion device, thus the

2-step actuator operating pressure Pa generated in the electro-pneumatic

conversion device by the afore-mentioned control signal Sc is supplied to the

8



2-step actuator operating pressure Pa generated in the
el ectro-pneumati ¢ conversion device by the
af ore-nmentioned control signal Sc is supplied to the
(8) actuator so that the actuator operating type valve
is made to open in the 2-step operation, the 2-step
actuator operating pressure Pa supplied to the
actuator and the vibration detecting signal Pr are
conpared for the relative relation of the two, and if
Vi br tioq IS generated at the tine when the first step
aetliar sp h%‘aag Acluaterpresatinadypa valveds madedogpep in the 2-step
pressure Ps' is |lowered, and if vibration

operatin
Plge@ﬁ%r edrSigP 3¢luator ppefting Rressuse Fshaupnlied tactheactwator

0 ating. pressure Pa rises, the step operating
B’F&%‘f'&%ﬂe" detecting signal Rirreiaeenparedfor e relativegelation of the
ressure Ps', of the step operating pressure Pa to
A vibrtiap; Engenpsated: ahéhesitigeamwhen theafirsy step @ctuator
Is determned by repeating a plurality of adjustnents
SReTRUNG; PrR§SHre Pafisesnifetsier apenetnapressyre Bssisdpwered, and if
gperating pressure Ps' so that the afore-nentioned

vratiah d¢ asnerated iy thepime whan the speonsdstepsaciuaion aperating
on the control signal Sc when the 2-step operating
PPEsWE, Ba pipegs they Stops vppragipa rriessie preisis unaiseds 'andsthe step
outputted fromthe el ectro-pneunatic conversion

PREFANG RrespRP[eaidhaslepronsratinpresswr Prete mpke theovibration
40018] The Fresent invention as clained in daim9 is
aieciige AigARl r eeAT 2eW® dg deternined bisirapeating mephwality of
for opening a fluid passage for which a vibration
adistmentssofiraisingen lpwering theoaforermentiened atep<ipgeating prisssure
actuator operating type valve installed on the fluid
Rsagedbe theiorgrmentianed attuater epeyatingtyse valve issopened based
i nputted to the tuning box, and then, the contro

a5y data | ondberqositrot ﬁgn@lﬁﬁ when gl 2rsiep aperatiog pressuree Pa of the
el ectro-pneumati c_conversi on device. Thus, the 2-step
SIRR 0ReIFHNG prasstiengs’ds eythutted fomythecelacteetphgumatic conversion
el ectro-pneumati ¢ conversion

device to make generation of vibration nearly zero.

[0018) The present invention as claimed in Claim 9 is fundamentally
constituted so that, using the method for opening a fluid passage for which a
vibration sensor is removably fixed on the upstream side of the actuator
operating type valve installed on the fluid passage, the vibration detecting signal
Pr is inputted to the tuning box, and then, the control signal Sc¢ from the tuning
box is inputted to the electro-pneumatic conversion device. Thus, the 2-step
actuator operating pressure Pr generated by the électro—pneumatic conversion
device by the afore-mentioned control signal Sc is supplied to the actuator so

that the actuator operating type valve is made to open in the 2-step operation,

and the 2-step actuator operating pressure Pa supplied to the actuator and the
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device by the afore-nentioned control signal Sc is
supplied to the actuator so that the actuator
operating type valve is nade to open in the 2-step
operation, and the 2-step actuator operating pressure
Pa supplied to the actuator and the vibration
detecting signal Pr are conpared for the relative
relation of the two, and if vibration is generated at
the time when the first step actuator operating

essure Pa drops, . .then the step operating pressure
@@“’55"9 q%aq@ag ,S’éﬁbpﬁ’?re Wé%q‘ %ﬁthesre&éw@r QN afithe fwo, and
i ne en the second step actuator operatin ressure
'%a‘”%ﬁﬂﬁh s t%@tﬁg %*té‘ﬁ ﬁrﬁer\é{wﬁfﬁdh?)rf@%tsaiﬁe g@ugﬂog operating
| owered_ and the ste operating pressure Ps' of the i
WEEHIEBRATIORY. Pt e o4, operaiBy chewice P8 ivai@ised, rand i
ngnatLon detecting signal Pr nearly zero by repeating
YpratigR 48 | gspegated 21  the rae (whesy theapesangl step| asteaton @perating
t he afﬁ;e-nentioned step operating pressure Ps' so
RIESEUrE e dirBs dhaR the $ne araiting PEsSHisIT S is lawerath and fhe/step
is opened based on data on the control signal Sc when
?'??éatﬂf%l?’gﬁslaﬁﬁsaf’f the stop eparating presspre; Rea issdetgrmined to make
@ erating pressure Ps' is outputted fromthe

e ¥IpF Dgnéem'ng: Ygnal e PE | Rparife gp®e byo repgabing he plurality of

eneratjon _of vibration nearly =zero. [00191 The
%’dlé%'é’ﬁf‘tﬁ Qb ersisingn oislowerngeef ithe @ferenmetionedosiebpngperating
Caim8 or Caim9 is nmade so that the vibration
RIgHse RB#ose dhath e gforednentioned nesteator soeeatingatyaeovalve is
the control signal Sc, at the time of outputting the
opeped Passdr on iff%éa opr thes conirabepignal Sawhen Genstep operafing

vibratign is nearly zero, are inputted to the nenory
REessusg ePaf of HBeeplept cperaiiBgnRassuUoREerisi oHtpitied crom the

0020%{’ The present invention as claimed in aimll
e&ﬁ,‘é@r Snatls canyersian devicedoamake thesgenatatiarpof: vibratiom eearly

égkgration sensor is provided at a position on the
[0019] The present invention as claimed in Claim 10 according to Claim 8 or
Claim 9 is made so that the vibration sensor and tuning box can be removed
after data on the control signal Sc, at the time of outputting the 2-step operating
pressure Pa with which generation of vibration is nearly zero, are inputted to the
memory storage of the electro-pneumatic conversion device.

[0020] The present invention as claimed in Claim 11 according to Claim 8 or
Claim 9 is made so that the vibration sensor is provided at a position on the
upstream side within 1000mm from the place where the actuator operating type
valve is installed.

[0021] The present invention as claimed in Claim 12 according to Claim 8 or

Claim 9 is made so that the step operating pressure holding time t of the 2-step
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upstream side within 1000mm fromthe pl ace where the
actuator operating type valve is installed. [0021]
The present invention as clainmed in Claim 12 according
to daim8 or Caim9 is nade so that the step
operating pressure holding time t of the 2-step
operating pressure Pa is set at |less than 1 second.
[0022] The present invention as clainmed in Caim1l13 is
made so that, enployingthe mathod with which a fluid
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r|V|n ut IS e held at, the set value is
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of . the fluid passa is . made to _be within 10% of the
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t he Inventlon £0024J npl oyi ng the nmet hod of the
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fluid passage in an extremely short period of tine

gtdhe time,fthe Hg!Me is opened.

[0023] The present invention as claimed in Claim 14 according to Claim 13 is
made so that the time the actuator driving input is to be held at the set value is
made to be less than 1 second, and the pressure rise value of the fiuid passage
is made to be within 10% of the pressure value before the valve is opened.
Effects of the Invention

[0024] Employing the method of the present invention, it is possible to abruptly
open a fluid passage in an extremely short period of time (e.g., within
300~1000m sec.) without causing a water hammer because the valve can be
opened in a manner that, in the case where fluid pressure is constant, the driving
force to the actuator is held at the set value to move the valve body to the
prescribed position and to halt once for a short period of time. Then, the valve

body is moved to the full opening position, thus making the set value for the
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300-1000m sec.) w thout causing a water hammer because
the valve can be opened in a manner that, in the case
where fluid pressure is constant, the driving force
to the actuator is held at the set value to nove the
val ve body to the prescribed position and to halt
once for a short period of tine. Then, the valve body
is noved to the full opening position, thus naking the
set value for the (11) afore-nentioned driving force a

ﬁ%ﬁﬁ%@ﬁ"é'seg‘i%ﬁﬁﬂg e GRS B RETRS PR or csent

AT S B e e
U

F‘H%"t"{ﬂ i 608 *ﬁﬁaiﬁgé'ﬁﬁ*étér%afﬁ Biibss e Sieniay sarieed by

§ M ATREL 3R il s BbiovabivBea 1 86 RS sepsagedy:. wherein the

t t yat 11 of t
vﬁe”é‘ S5 tng Sl P B é%waﬁaw TR feRioh oAb oo
| d 17. As
ERsi Sy iE comaconTal et 1 A EPAaUERIRATIG prossure
sk L{o”ﬁw o S Tl T e ot
P hanmer | ess openi ng. can be achi eved,
BRABBAE oF ot St ARPEGHE oD AT OB POV, Govidearor A6 Sefesult
YR £39rE Belih b sty %%5«8@3@%&%2%&5@“:& Valv@ body
bj e d Li det d,. th
B b S 2 B PTEeirIot iR o doh IS PeRsape &g yater
can be renoved so that they can be used for other_ .
*rﬁ'w@eﬁ%%% B8N 1asOFREhigye aRg OPERENG oPYaAKPaRdiieRs on

econ m cal 0261 Furthernore, in accordance wth
8" hamgy 4%&%? VeeaReNing. fihak s dhe canditigns emdhg contpo! of the

sfa e of .the res%ns i nvention, a_ vibration sensor
giareparating prgssyre Pa) for the subjected pipe passage L1 is determined,

the vibration sensor 18 and computation control device 16 can be removed so
that they can be used for other pipe passages, thus making it extremely
advantageous economically,

[0026] Furthermore, in accordance with the water hammerless opening device
for the fluid passage of the present invention, a vibration sensor 18 is installed in
the vicinity of the valve body 10 on the pipe passage under an actual operating
condition, and the vaive body 10 is actuaily operated for opening/closing by
applying the prescribed 2-step actuator operating pressure Pa to the actuator 11
of the valve body 10 from the electro-pneumatic conversion device 20 so that an
optimum value of the step operating pressure Ps’ of the afore-mentioned 2-step

actuator operating pressure Pa is determined through the actual operation of the
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the vicinity of the valve body 10 on the pipe passage
under an actual operating condition, and the valve
body 10 is actually operated for opening/closing by
appl yi ng the prescribed 2-step actuator operating
pressure Pa to the actuator 11 of the valve body 10
fromthe el ectro-pneumati c conversion device 20 so
that an optinmm val ue of the step operating pressure
Ps' of the afore-nentioned 2-step actuator operating

GRS 5 on T o R e BTS00

ERoaBeblB S b BB cilyerb Bl 8 S
biiossbis so abefly 2ep threlye Ry 19 ball el promty and
@ﬁﬁg@g{;’q}%{r\&@ .ta evggébtgf 5méremrr{©§g?rté B%}Ibﬁ%%%éé i eusk.)i g utﬁ'e na%tuator

el ect,

ro-Pneuréggi C o%\{ﬁefrsi on devjce 20. [0027] In

REAING Rlessieded phihe slrptosneURpticCoRYeIgiPhstevigee20.

f -mentj.oned 2-ste actuator_ operatin ressure Pa
@929ﬁerr§%i4*¢%n, ﬁ@éf’%‘?mgﬁd eeltina fning) ghthe aﬁ%@?@?mp%ﬁ-step

t he val ve body 10 over 5-6 tines. Al so, by applying
fHuator : eparating Jyessire nBapra e easlly perlarigd; flyough actual
appropriate step operating pressure Ps', to the
ralier,pf the, Vét"f?eb%ffvpi@ PUAS T timeas shisa. by pPRiyingtha@ctuator

the time the val ve bod¥ 10 is actually opened for the
¢perating prassutenPaehaying thes aepropdatg stepopeiatingPressitig Ps', to
nakiq? it possible to accurately determ ne in advance
RRActiaion He eAMBKIHIS af Rressise vibiratiofy 2tae eeithe alye body 10
actuator operating pressure Pa w thout adversely
igrgctually ppengd Tor e trst imgecambe sbppregsech &t dpwer Mglue, thus
utLJizing a personal conputer, it is possible to
paking ftRossibleteracsuratply determingdn advanasgyhatis theeoptimum value

fore-nmenti oned 2-step actuator operating pressure Pa

ot &erednentipnedsartiatonjoparating |Rfessuie Ba switkepty Adyersely

the water |
affecting the pipe passage.

[0028] Furthermore, by utilizing a personal computer, it is possible to perform
selection and setting (tuning) of the afore-mentioned 2-step actuator operating
pressure Pa both extremely easily and promptly, and also so that the water

hammerless opening device is manufactured at lower cost.

Brief Description of Drawings

[0029] Figure 1 is a circuit diagram of the testing device used for detecting the
occurrence of a water hammer on the fluid passage.
Figure 2 is an expilanatory drawing to illustrate an electro-pneumatic

conversion device used for the testing device, wherein (a) is a basic block
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hamrer | ess openi ng device is manufactured at | ower
cost. Brief Description of Drawi ngs [0029] Figure | is
a circuit diagramof the testing device used for
detecting the occurrence of a water hamer on the
fluid passage. Figure 2 is an explanatory drawing to
illustrate an el ectro-pneumati c conversion device
used for the testing device, wherein (a) is a basic

bl ock (13) diagram and (b) is a block diagram Figure

.' rating the rel ati onship between an
ﬁﬁlﬁfﬁn‘%‘ %@@F'ﬁauﬁf’% ; {tage V) alnd anI gut put

Of I t t
E’Lﬁiz staﬁ%éﬁgg@pé”nuﬁud gy t%‘r’r@rﬁéa%?\ﬁ#éﬁ"}g% ingut signal |

t|- vvhlchthelntern pressure Pi

b divelad P Sl an bt Bigssuia & lsalerant) obitls qlomtro-pneumati
|IIustrate thg state of vibration changes in the pipe
FRIVELRIN feVieH Ot he upstream side of the valve in the

case ere he su P{ ressure Pa to the actuator is
Chano it g e o VB - ster epanes a1 st ioma

ened irectly fromOkgf/cm Gtao 5kgf/cm G
PRSSUR 0T hPibs SEST9ES bISRATe Constamleand FCbIHv@raj? Phgnptate of

f/lcm Gand then to 5.0kgf/cm Figure 5
YGEFGEIO@P%WQ in ihg PigeiPAgsaas- wandhe ppslream srs%eéyélnﬁ walpg in the
of the Ip %5_ passage changes at rrultl-stgg
SrenVhg e Pe=turPY pressif Fanto e aduples is geg%ewreerem (a)
tank pressure (the internal pressure Pi of theF

s B pore whatss isonena glre s Phollem Gorkale - G and
se where the internal pressure Pi_of the ta
&5 ShiaNmibe agss)erpPas shopssd i kyTion -6 & BaKGticm - G and

especti vel Fl ure 6 is an enl arged vi ew of Fi gure
er&oSOk ? 3 g g g

Figure 5 is a graph illustrating how the internal pressure P1of the pipe
passage changes at multi-step type opening (Pa=0—2.5—-5kgf/cm * G) in the
case where tank pressure (the internal pressure P+ of the pipe passage) is made
to change, wherein (a) shows the case where the internal pressure P1 of the tank
=0.245MPa - G, (b) P1=0.255 and (c) P1 = 0.274 respectively.

Figure 6 is an enlarged view of Figure 5(c).

Figure 7 is a graph illustrating the relationship between the internal
pressure PT of the tank and the actuator operating pressure Pa so as to prevent
a water hammer using multi-step valve closing, wherein (a) shows the case
where the internal pressure of the tank = 0.098MPaG, (b) 0.196MPaG and (c)
0.294MpaG, respectively.

Figure 8 is an explanatory drawing illustrating the relationship between

the actuator operating pressure Pa and the time of detecting vibration in Figure

(14)



Figure 7 is a graph illustrating the relationship
between the internal pressure PT of the tank and the
actuator operating pressure Pa so as to prevent a
wat er hanmer using nulti-step val ve closing, wherein
(a) shows the case where the internal pressure of the
tank = 0.098MPaG, (b) 0.196MPaG and (c) 0.294MiaG
respectively. Figure 8 is an explanatory draw ng
illustrating the relationship between the actuator
2perating pressure Pa and the tine of detecting

ibration in Figure (14) 7. Figure 9 is a whol e bl ock
d|agrankof a first ﬁnbodinﬁnt of the water hanmer]|ess
openi ng" kg 8ds Agvhe ﬁ@'qqkm'%graas@fa@@s&@mm@irﬁ@nw the vater
Eéesent i nventi on. gure 10 is an expl anatory

MReAgss quﬁ§l“9a‘{j¢‘ﬂ‘"ge tfweﬂteo Auidopassage reccogding 4p ghe present
_ﬁerat|ng pressure Pa (Figure 1 Ga) and one exanple of
M@t ecurrence of vibration (Figura 10b) using the
wat er hanmer| ess openi ng devi ce of quyre 9. Figure 11
i s a wholoere; 18 snaiexgleiaiay drawingailustratingnthe @@@trol of the
openi ng device with res_ect to a second enbodi ment
tedpaPpRyating pressyieddafiigurerivanand ane example afthe gceyrence
overview of a PC screen display of a tuning box.
i V@Rra%oq(flgts’eaob)d#%mMaéemmmpdgswmngaﬂﬁwce of Figure 9.
el ectro-pneunmati c conversion device. Figure 14 is a
f1 ow chBigtreofl1aist 8- whelengysipar diages . ofthsumaters hammagrless
expl anatory drawing for the rel ationship between the
eRaninghdeviee with respagt ina sesend epbadinentacaerding ta thedpresent

aut o-tuni ng operati ons.
invention.

Figure 12 is an overview of a PC screen display of a tuning box.
Figure 13 is a schematic block diagram of an electro-pneumatic
conversion device.
Figure 14 is a flow chart of auto-tuning operations.
Figure 15 is an explanatory drawing for the relationship between the
driving pressure Pa and the vibration that occurred in auto-tuning operations.
Figure 16 is a graph illustrating the relationship between the step
pressure holding time t of the driving pressure Pa in steps and the pressure
rising value AP.
Figure 17 is a system diagram illustrating the case where the chemical
solution supply method according to the present invention is applied to a single

wafer processing cleaner of semiconductor manufacturing equipment.

(15)



Figure 16 is a graph illustrating the relationship
bet ween the step pressure holding tine t of the
driving pressure Pa in steps and the pressure rising
value AR Figure 17 is a systemdiagramillustrating
the case where the chemi cal solution supply nethod
according to the present invention is applied to a
single wafer processing cleaner of sem conductor
manuf acturi ng equi pnent. List of Reference Characters
0] PT Internal pressure of a water

ISl regle Aaciers a0d NUmetdis + r eam si de of a val ve

[ ternal pressure of .a pipe passage Pa Actuator
gﬂébgt ﬁ;g mtgggaipr@sswgoof,q@aéuﬁﬁyi ng pressure [err]G
Val ve it roke S Val ve openi ng/cl osi ng command signal 1
Vat er Cank PPespRisegeop the upsliEeam sidePfa Valeer tank 3
Pressure sensor 4 Valve 4a Actuator 5

El ect r 61 pn&tigie] eressvies i RiPe Ba%S388 6 Val ve driving

gas source 7 Signal generator 8 Storage oscill oscope
Pa  Actuator operating pressure

> =
M1 et
w,

Pao Air supplying pressure

AG  Valve stroke

S Valve opening/closing command signal
1 Water tank

Source for pressurizing a water tank

Pressure sensor

BN

Valve

4a Actuator

5 Electro-pneumatic conversion device
6 Valve driving gas source

7 Signal generator

8 Storage oscilloscope

10 Vaive body

11 Actuator

16 Computation control device

17 Electro-pneumatic conversion control device
18 Vibration sensor

19 Tuning box

20 Electro-pneumatic conversion device
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10 Val ve body 11 Actuator 16 Conputation contro

devi ce 17 El ectro-pneunati c conversion control device
18 Vi bration sensor 19 Tuni ng box 20 El ectro-pneumatic
conversion device (16) T Opening tinme detecting signa
Pi Pressure detecting signal PM Perm ssible pressure
rising value setting signal Pr Vibration detecting
signal Prm Perm ssible upper limt vibration pressure
setting signal Ps Step pressure setting signal Ts

Step pressurg, A AiRg g{e o &t 'ialn_g signal (Opening
Sharieiie deleEfid S

time setting 'sig signal Se Actuator

oper at ing Pr e ({é?%%@glsﬁﬁ}‘i@gnal So NO- NC swi t chi ng

signal for a valve sure holding tine Ps'
Step o ati r EL.uUi uppl.y system Bo
S op SR, PATRLABR e e b ol N

Pr Vibration detecting signal

Prm  Permissible upper limit vibration pressure setting signal

Ps Step pressure setting signai

Ts Step pressure holding time setting signal

(Opening time setting signal)

Sc Control signal

Se Actuator operating pressure control signal
So NO-NC switching signal for a valve

t Step pressure holding time

Ps’ Step operating pressure

Ao Fluid supply system

Bo Single wafer processing cleaner
W Wafer

A-B-C-D Chemical solutions to be mixed

Practice of the Invention

[0031] In order to investigate how a water hammer is caused in the liquid

supply system of semiconductor manufacturing equipment, the inventors of the

present invention have observed pressure changes in the fluid flow passage at

the time when the flow passage is switched from full closing to full opening by

employing a pneumatic pressure operating diaphragm. Figure 1 is a circuit
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A B C D Chemcal solutions to be m xed Practice of
the I nvention [0031] In order to investigate how a

wat er hanmer is caused in the liquid supply system of
sem conduct or manufacturing equi pnment, the inventors
of the present invention have observed pressure
changes in the fluid fl ow passage at the tine when
the flow passage is switched fromfull closing to ful
opening by enploying a pneunatic pressure operating

S S R b s
SR D . I S A 5 W
e k3 BB e B ol s
S0 B3 S0 B i A B
H Sbedd@ e ?bgffg’?ﬂv'eggs? e g stor 'ﬁ'st Sbout 25

59 .n. , .
(g8 a7l allfenen 1°§'eér“@at§§ 1ok o TR e @r@% fers, is a
R ftial Z'éﬁa%a iR, and Gtk il 23 e Sh R peruarer of
2E3 ey AlsP e FabL R B preifed Eﬁi@heﬁu@t%mnzmg
Sl e el R S

W\%@BR davi ce. [0034] A di aphragm type pneumatic
E sed for the afore-nentioned valve 4, and

BPSALLIF ST i et e S v
[grgg%% Tihe ulp}s re:alr%osq e of ¥hre]aeva ve ylavlw% hi%hzsé’nsitivi{y. A diffusion
semiconductor type pressure sensor is employed in the testing device.

[0034] A diaphragm type pneumatic vaive is used for the afore-mentioned
valve 4, and specifications thereof are as follows: fluid inlet pressure 0.1MPa,
fluid outlet pressure 0.3MPa, fluid temperature 10~100°C, the CV value 0.27,
operating air pressure 3~0.6MPa, materials of liquid-contacting parts (PTFE for
the valve body and PTFE for the diaphragm), and the inside diameter of the
passage is 4mm. Specifically, the valve 4 is a pneumatically operating
diaphragm yalve whose valve body is a normally-closed type synthetic resin
made diaphragm. The diaphragm valve body rests on the valve seat all of the
time due to the elastic force of a spring (not shown in the figure) so that the valve
is maintained in a closed state. While the actuator 4a is operated by the supply

of operating pneumatic pressure, the result is the diaphragm valve body moving
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operating air pressure 3-0.6MPa, materials of
i quid-contacting parts (PTFE for the val ve body and
PTFE for the diaphragm), and the inside diameter of
the passage is 4nm Specifically, the valve 4 is a
pneumatical ly operating diaphragm val ve whose val ve
body is a normally-closed type synthetic resin nade
di aphragm The di aphragm val ve body rests on the valve
seat all of the tinme due to the elastic force of a
spri (not shown in the figure) sq that the valve is
ARPHTTATTAR VAR So8! AR malainEo afaiedn WRchdhe valveis keptiogen.
nggxe b¥ the supply of operating pneumatic )
8 naly, 1@ Rpanethe nofraaliydosada peaBrewantically gperating type
novi ng (18) away fromthe val ve seat and mai ntaining a
dizpb@dnhvalke.chistrequites that operaiing Pravmatic presssire bagupplied to
to open the normally-closed type pneumati cal | _
hsaciiatagia.y piecopding ke therrresgni dnvention,dit aijﬁéwttsnamg that
operating pneumatic pressure be supplied to the
achermaly-cpped Absr dingymealicallye ope@tinat diepb@em ovalve tcan be
goes W thout saying that a normally-closed type
iSRiagRE thycanonaliyepanityre enaymaticghy oRgrating diapbeagm valve.  In
replaced by a normally-open type pneumatically .
s atGasg. theapaimajiyrapenype (valvesiscmaintaiaed in ghetate of being
normal | y-open type valve is maintained in a state of
Hesechby Eisng thagparaling preumalichiessare agpnlied dathe actuator 4a.
&ressure supplied to the actuator 4a. [0035] The
P3vle- T afosereentipeed elechpdnsumatc convassion slevige\d iseused to
is used to supply driving pressure (pneunatic
PPebsEivdng Prassues(POATALC PIesswe).i easipspandjpgto thednput signal
directing the degree of valve opening, to the actuator
faadr@ﬁtlngﬂbe dagree of vajne opeaing, tsf therpstyatendanigr thayalee 4f As
Figure 1, the el ectro-pneumati c conversi on device 5,
¢fithe testibg slevicaob Figsse $Hbaelactromnpymatie conwersion device 5,
enpl oyed. In particular, when the input signal | is
whighy it @MIM@CE@S slaewn in Figurecziiis employgd. aln partigidary when the
el ectromagnetic val ve B2 opens so that a part of the

igwjrﬁignqb,l dss nprtectto the eaniiol cleevit /2.t areair supply electromagnetic
valve B2 opens so that a part of the supply pressure C2 is supplied to the
actuator 4a of the valve 4 as an output pressure Pa through the air supply
electromagnetic valve B2. The output pressure Pa is fed back to the control
circuit A2 through the mediation of the pressure sensor E, thus an operation for
correction is effected until the outputted pressure Pa reaches the output
pressure Pa corresponding to the input signal I. Referring to Figure 2, F
designates an exhaust electromagnetic valve, G is an exhaust, H is a power
source, and J is an output signal corresponding to the input signal l. The output
signal J (that is, an input signal I} is inputted to the storage oscilloscope 8 as the

input voltage as described later.
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actuator 4a of the valve 4 as an output pressure Pa
through the air supply electromagnetic valve B2. The
out put pressure Pa is fed back to the control <circuit
A2 through the nediation of the pressure sensor E
thus an operation for correction is effected until
the outputted pressure Pa reaches the output pressure
Pa corresponding to the input signal 1. Referring to
Figure 2, F designates an exhaust el ectromagnetic
val ve, Gis an exhaust, His a power. source, and J is
100381t pigures Bgha dl@@}ﬁﬂb&'ﬁ@ﬁw\sgthﬁdekaﬁansmaetvgerqgh@p \@lue of
The output signal J (that is, an input signal 1)
thepiprt gional | rﬁl@pg& wlh?@@ ¥ ef ﬂh%@&ﬁg@@t@geg r@ectrqueumatlc
vol tage as described later. [0036] Figure 3 is
EATVGFEOR FeYice brandithe outpat peesauned?a hi fawetdwhaws ﬂ?éf the valve
value of the input signal | (input voltage Vb of the
4iheldhem state of &lkeperdng whgnehe dnpw opltage inhYdepeing air
and the output pressure Pa. Figure 3 shows that the
DFQISWE Pi=iappradraately Skafcet ¢ ®% ful | openi ng when the
ut voltage is 5V (operating air pressure P =
S?berﬁemrgssskgs eawloyedyfor theosare-meptionadewalvr operating air
ed for the afore-nentioned val ve operating air
ww)é i@ supply gppwithdbe puascribedheresswecr Abddthgraderesmentioned
And, the afore-nentioned signal generator 7 generates
sigral gpoerafdrgfalgeneraiesl thee ingutesignal tiheand the like, to the
el ectro-pneumati c conversion device 5, and the |ike,
gectrraneurnaticiessiversior dpyieg) 8, andithsuliks, so dhatdoe desirachvoltage
the el ectro-pneumati c conversion device 5 as the input
@ltgulals dutpytad: ieetheoelectra-hreymatic corvatsior clevieg iagrthe input
Pi ﬁvolta e V), in the pipe passage Li on the
signal | e ahyighermore, dhe pressyre detecting sigpalr P g voltagse Yhdn the pipe
input signal | (input voltage V) to the
Ressage b1 Aretheatpsireson sistesirom ibeviressBe sgepsor dpand dbe tinput
the afore-nenti oned storage oscilloscope 8 in order to
sigad rlvénpiidvoltage V) to the electro-pneumatic conversion device 5 are

inputted to the afore-mentioned storage oscilloscope 8 in order to observe and
record the changes in the pressure P1in the pipe passage L1, the changes in the
input signal (input voltage V), and the like. The storage oscilloscope 8, which
has its time-axis graduated in 500m sec/1, is employed in the testing device.

[0038] Referring to Figure 1, the interal pressure PT of the water tank 1 is held
at a specified pressure of 0.172MPa < G, and the operating pressure Pa of
0.480MPa - G is supplied to the actuator 4a, thus making the valve 4 move to a
state of full opening from a state of full closing. In this case, the inside diameter
of the pipe passage L1was 4.0mm, the length approximately 1.0m, and the flow
rate Q of water was approximately 3.45 liters/min. Figure 4 shows changes in

the supply air pressure Pa to the actuator 4a of the valve 4 and in the internal
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record the changes in the pressure Pi in the pipe
passage L1, the changes in the input signal (input
voltage V), and the like. The storage oscill oscope 8,
which has its tinme-axis graduated in 500m sec/1, is
enpl oyed in the testing device. [0038] Referring to
Figure 1, the internal pressure PT of the water tank 1
is held at a specified pressure of 0.172MPa - G and
the operating pressure Pa of 0.490MPa - Gis supplied

to th t 4a, th Ki th I 4 t
bl P S e 7 St DSt PRS0 e
thi the inside di tep. of [ U
b Giostiie) DA TERS Fouh oL BB it oo,
f .wat i mat el 45 i /mn.

ot e RR E el lifpale
45655 o Gogner Brodn iheerars of dkduliesetar aonisa " gty
5ligstr am si de observed by the storage oscill oscope.

e arent fromFigure 4(a), changes in vibration

t put ith the applitude of approximately naxi mum
BOGST onatherringr tarch e fae Gase, whele suRply BresslispBade made to
t hrough the process of O (fully closed)-->~0.49Q0MPa -
ehanag 99,0872 90 (bigyesy 4EN. pRTRNeanggsdn thevibration
C ?]e where supply pressure Pa is nade to change as .
?ft- e PRI passag%wgqagqu% trsqrEsyiing de Bhat yhe, Wagéﬂ' divgger is
in_the vibratjon of the pipe passage were observed,
pefrctly pegvantety in that the water hanmer is perfectly

revented. [0040] In particular, it is apparent that
E%P4Qhe'"i PRtiewar ibisearparantahabff the dntgmad prossuee Peof the pipe
kept constant, then él%_gt he fl uid passage can be .
RAsAsE L1is kerdpenstant dhepy (1 thadibid passage Can begnraned, without
500- 1000m sec by opening the val ve instantaneousl|y

tJUSIRga asvater Bammer, incabevh 0P 1000 sesi By pgnkg Hie valve

openi n%, and . . .
instantaneously from a state of full closing to a certain degree of opening, and

then making the valve move to a state of full opening after a short lapse of time,
and (2) the water hammer cannot be prevented if the afore-mentioned initial halt
position of the valve body, that is, the degree of valve opening, is either greater
or smaller than a specific value.

[0041] Figure 5(a), (b}, (¢} show pressure changes in the pipe passage on the
- upstream side of the valve 4 when the step pressure Ps is made to change from
0.245MPa - G to 0.255MPa « G to 0.274MPa « G, and the pressure Pa of the
actuator is made to change as 0—0.245—0.48MPa - G, to open the valve 4 fully
in 100m sec.

[0042] Figure 6 is an enlarged view of the afore-shown Figure 5(c). It

becomes apparent that vibration of the pipe passage Lion the upstream side
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t hen making the valve nove to a state of full opening
after a short |apse of tine, and (2) the water hamrer
cannot be prevented if the afore-nmentioned initia

halt position of the valve body, that is, the degree
of valve opening, is either greater or smaller than a
specific value. [0041] Figure 5(a), (b), (c) show
pressure changes in the pipe passage on the upstream
side of the valve 4 when the step pressure Ps is nade

to_chan from 0.245MPa - G to 0.255MPa - Gto .
530 PAASe nesiLzaro vy eeening hevalre divath s dsio eperton to
made .t o chan as, 0--->0, 245--*0.4gMPa - G- to open .
915 {5 RAESSUIPLITA O the ACHIBISI R e OrHB0AR~Ri294re0.499MPar G in
eglm% vi ew of the afore-shown Figure 5(c). It
gee dbpRfrent that vibration of the pipe passage Li

e _upstream side can be made nearly zero by fully
&&éﬁ?n&@eﬁ% 73% . ?tc)v&how theorelatiopsbipeohsersd petwepnite step
the pressure Pa of the actuator in the order of
BEQS$BrezBaﬁﬂd dhe ybration_pressure inHieupipe PossIgsek! or theamstream

Fi.gure 7§a%e, (b), (c), show the relati onship observed
l%v!}éé'i"ﬁ feessybpre thedaiemad prassyrriof e tankismags to be 0.098,

Bressure in the pipe passage Li on the upstream side
196N 8L84MRider @, fasper ndhupy b begpmes apppeent dhat there
is made to be 0.098, 0.196 and 0.294MPa - G
pess plepdirpssura s that minleizesvikipiion erassureior mashgase. In
Xi sts a step pressure Ps that m nimzes vibration
Eﬁé%@%ﬁh@lﬁw@ﬁe@éﬂ@. stem praspeds t300s sediol di ng ti ne
of the step pressure is 1000m sec. [0044] Figure 8 is
RR48k pFignes 8ris aty axplarptery dmwinguphbiie purnly presshee Pa to the
the actuator 4a in the test of the afore-shown Figure
gctuator 48 Holhe testof the afpresshawmFigure handishewsitae tlationship of
step pressure Ps and the first step (point A and the
tiguing of the step pressure Ps and the first step (point A) and the second

step (point B).

[The First Embodiment of a Water Hammerless Opening Device]

[0045] Figure 9 lllustrates the basic block configuration of the first embodiment
of a water hammeriess opening device for the fluid passage according to the
present invention. The device is mainly used when it is found difficult to mount
a pressure detector, such as 3, on the pipe passage L1 on the upstream side that
has been already installed, or to mount a valve stroke detector (a position
detector) on the valve body 10.

[0046] Referring to Figure 9 and Figure 10, the water hammerless opening
device is made by assembling a valve body 10, an actuator 11, an

electro-pneumnatic conversion control device 17, a computation control device 16
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step (point B). [The First Enbodi nent of a Water
Hammer | ess Openi ng Device] [0045] Figure 9 illustrates
the basic block configuration of the first enbodi nment
of a water hammerl ess opening device for the fluid
passage according to the present invention. The
device is mainly used when it is found difficult to
nount a pressure detector, such as 3, on the pipe
passage Li on the upstream side that has been already

jnstalled, or to nmount a valve stroke detector (a )
ﬁ@iiﬂﬂa'&?ﬁ C%@Pé@?%ﬁl?'e&vef e \sign, ewitghing ob the eetmefor operating
Referring to Figure 9 and Figure 10, the water
PIESReEl %%sa"ﬁb@'ﬁi Aigssuie oiding 8mﬁaT§eafkgr hayingrhsengvitched and
val ye body 10, an actuator 11, an electro-pneumatic
thedber sgdgbremﬂ seN1s0p dGiig eemavably fixgda the pign passagedss on the
device 16 (22) that makes control possible over the _
Wpsdieagysidensh hadthe irenditions: b orepias Afithg vapeckedy 40 pwhich
and the pressure holding time Is after havirgg been

wake vyater Bammerigss opraing passiblextare et énd sitored heforehand by

renovably fixed to the pi pe passage L1 on the
pgepriaialy ssalecting $tﬁatSW'ﬁTé'f@oﬁUmq afkiator apsERingg PesissuneePa
val ve body 10, which nake water hamer|ess opening
(switshing &romyp do the stgp greasyrels e Figueifa)) Bpplied to the actuator
appropriately selecting step switching of the actuator
el the vhlye Poty dBrandraiso theViaking Hger G stop pressuraRs.
ﬁressure Ps in FigurelO(a)) anIied to the actuator

940 Mpee spacifisalis wjthrespen taFigyre Aand fligured0: 1 Gdesignates
of the step pressure Ps. [0047] More specifically,
e iemsigiion: cantrobdgyies 7 isnemlegircepnaumats ehswitpian eentrol
the conputation control device, 17 is the
dgvices 18-ip revileatirt seoRe BB hvalvmdriving gss\saskce, 19 s« walve
vi bration sensor, 6 is a valve driving gas source, 10
bogly angdile an petwatatn dThe driyng reseutecRas (appraxindatelyi hgMPa in
tﬁiressure Pao (approximately 0.6MPa in

s embodiment) from the valve driving gas source is converted to the step
operating pressure Pa as shown in Figure10(a) by the electro-pneumatic
conversion control device 17, and then is applied to the actuator 11.

[0048] The actuator operating pressure Pa applied to the actuator 11, and its
holding time Ts, are controlied by the control signal Sc from the computation
control device 16 determined beforehand by the operating test wherein opening
of the valve body was conducted for each pipe passage L1 on the upstream side
of the valve in a manner described later. The vibration sensor 18 and
computation control device 16 are removed from the pipe passage L1 on the
upstream side upon completion of the selection of the afore-mentioned control

signal Sc by employing the operating test for opening the valve body 10.

[0049] The afore-mentioned computation control device 16 is equipped with a
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this enbodinent) fromthe valve driving gas source is
converted to the step operating pressure Pa as shown
in Figurel O(a) by the electro-pneumatic conversion
control device 17, and then is applied to the actuator
11. [0048] The actuator operating pressure Pa applied
to the actuator 11, and its holding tine Is, are
controlled by the control signal Sc fromthe
conmputation control device 16 determ ned beforehand

B Rl 5% PSR B ot 5o Pl 100 o
0 bR el Bl a0 DGl SR B o e
EPTblo RgeF i WPialof R omsPBROcHoT B 4 A pratege
e P BB 7B T o comdiin, S DGR e
LR B B el 5 SBBETHA 1Heh Bh e € e
figeEurB S dleded By BRI persob d: At ipesiTinal opening of the
. . . ¢ h <si bl .
s B 10t Sorieseis hRgatep GarUPS otingpPgaalp S oligesten
vi bration, pressure, det eci i__,ng cﬂtrcuit 16d, a conparison
wRpE fokite fine selting finl Pacand the Rerwissivledpranlimt viBrtion
5FES55561pS SHEPLRTR APy e FeReriTon e e R ggen comirol
‘{i e l&{e opening of the valve body 10 are consi dered,
HEEtp pressure setting signal Ps, the step
and t he

su hq| di.n ime setfing signal Ps, .
lﬁ@?@i siﬁm\ég@ﬁagréﬁtwﬂ% $iopa P.ro%mfl fhe srerpussible  yeger limit
3% 1al Prmare ipputted, respectivel é to the )
Ilich oBTeSRiEo S SWBd Famh e[ gemBpret ety her somparison
dete%tion signal. Pr and the perm ssible upper limt
computation circuit 16e. hen a difference is found between them, as
described later, the step pressure setting signal Ps is corrected so that the
control signal Sc includes the corrected step pressure setting signal Ps and the
holding time setting signal Ts. The control signal Sc is outputted to the data
storing part 17a of the electro-pneumatic conversion control device 17.

[0051] Also, the afore-mentioned electro-pneumatic conversion control device
17 is equipped with a data storage part 17a, a signal conversion part 17b (a
signal generator 7), an electro-pneumatic conversion part 17c (an
electro-pneumatic conversion device 5), and the like. The actuator operating
pressure Pa supplied to the actuator 11 is switched and converted in steps, as

shown in Figure 10(a), by the actuator operating pressure control signal Se from

the signal conversion part 17b that is inputted to the electro-pneumatic
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vi bration pressure setting signal Prm are conpared at
the conparison conputation circuit 16e. Wen a
difference is found between them as described |ater,
the step pressure setting signal Ps is corrected so
that the control signal Sc includes the corrected
step pressure setting signal Ps and the holding tine
setting signal Ts. The control signal Sc is outputted
to the data storing part 17a of the el ectro-pneumatic

conver.si on coptrol. device 17. [0051] Al so, the

PG 08 oTbe ihing, Hannt S0 RS SionH Mok g valve
devi c 17 is equipped with data storage part 1l7a, a
eqing/cledng sambindsignal ant the aperR0 SHURGAILENG orC) ghthe
el ect ro- pneuynmati c. conversion part 17c (an, .
alvcbe -ﬁ@uﬂwlt%i todhe elestrarpngmatic capversing coptol deyice 17.

@Be act uat or operating sﬁr essure Pa supplied to the
?2latBefering o Eigirec Aefirsing wbralientsensph 18 defised i the pipe -
shown in Figure 10(a), by the actuator operatin
Rissager NednteaPrspryide step pregsyrerselting gjanal Reo sla Bregsure
art 17b that is inputted to the el ectro-pneumatic
'{002‘115'9 dipe sedingrsignalt Ts; and nejanissible nneg ligiigMigratigp pressure
correspondi ng to the valve opening/closing comand
sgttifigapioral .t afe ippetfast fonlhestanputatinn cowtrad denice & andethe
val ve body 10 is inputted to the electro-pneumatic;
ahioy bpdy switebingr gionadeSe cef the, electiopppumatie rgonyersian control
Figure 9, firstly a vibration sensor 18 is fixed to
deyicept Trnd thgackiptor ogerating fivid sypnly prassie Reeareanpepriately
setting signal Ps, step pressure holding tinme setting
$¢f.gnal Ts, and pernissible upper limt vibration
ressure setting signal Prm are inputted to the
[ReR3 utTreno by doputiiag tg@wlatve apeningfgloping copameed sianal S, the
switching signal So of the electro-pneumatic
schinier apesatingopressire R Jeicexampladiker s oracshearoin Figure 10(a),

operating fluid supply pressure Pao are appropriately
ig; supplied 10 the actuator 11 ‘of the valve body 10. Now, when the actuator

operating pressure Pa is raised from 0 to Ps at time t1, the fluid passage of the
valve body 10 is opened up to its mid-position, and the valve body 10 is in the
state of full opening when the actuator operating pressure Ps is made to be
Pamax at time tz when, further, the set holding time has elapsed.

[0054] Meantime, if the internal pressure P41 of the pipe passage L1 changes
due to the occurrence of a water hammer, the changes are detected by the
vibration sensor 18 and the vibration detecting signal Pr is inputted to the
computation control device 16. In the computation control device 16, the
detecting signal Pr and permissible upper limit vibration pressure setting signal
Prm are compared, and when it is found that there occurs no vibration or the

vibration is within tolerance at a position A1 (time t1), but the vibration exceeds
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[ 0053] Then, by inputting the val ve opening/cl osing
command signal S, the actuator operating pressure Pa,
for exanple, like a formshown in Figure | 0(a), is
supplied to the actuator 11 of the valve body 10. Now,
when the actuator operating pressure Pa is raised
fromO to Ps at tine ti, the fluid passage of the

val ve body 10 is opened up to its md-position, and
the valve body 10 is in the state of full opening

en_th act at or, ress re Ps is de t
e Pt 3 b5 AR P b e Ble wabourd SHiE $ondl P is
g?rr%cgeci? ci(re%% 0%54@3@9 %Eptelr'agﬁrgr@ggsturrg @;%er nﬂbap {hgscsollj'rre%ted
occurrence the . ch es are detected
BB PHESSUiT 8Pnd sinaCihs GO ERTAROTIIED PR B ToR,seting Signal Ts
det ect nal Pr [ to the ut

i oyt ss e cagtro ﬂgf‘ﬂg)cc{ﬁ%ﬂf'%ﬁ”a‘ﬂ"@&ﬂ{‘ B Htraelsiee 16 to
e detec nal ssi bl e
\%ﬁrﬁlﬁcw-er\srmaﬁc' SPaeEoR <ol AGVES offarandping §BS operating
ng red 9} e é’ is found, that trégre occurs no
at PREN "69 ghalve bogygredhereaftcl repeateflol er ance at a
@gg@i & ting ti tht the vi bration exceeds (25)
aleavassely.awhen ifois; fouag, that \ibragign tofj’umt‘ﬂeatsﬁ‘ sition A1
ressure setting signal, Ps is  corrected to raise the
‘ﬁ fisj H?{"ﬁ?%@'%dr‘@eé limit, yibgatieg Rraggure restting signal
orr ste ssure setting signal Ps, and

S i SRR SIBER PR o! SarEaciad 1 Hawer s megoped stop

outﬁgﬂtted as . the_control signal Sc fr t he
?e?ﬂtl')"ﬁ %ﬁ? P5|a Iﬁtéq,,agg ojpyttsd qsﬁge control signal Sc¢ from the
eIectr neumati ¢ conversi on control device 17, and
WZ?‘PY@F" Gladhe eP@FO‘@a@Hmac ForRVarsiPy) QOB‘&HWQV'CG’
th reafter repeated. [0055] Conversely, when it is
Ya% '?‘ﬁasta"%‘? pPafating texts rr‘i’?&!"%ﬁ the wie PPG% 18 are(fﬁpﬁ%‘ed
tb@%{egﬂgxceeds the perm ssible upper limt vibration

fhe setting signal Prm the setting signal Ps is

corrected to | ower the afore-nentioned step .
[0056] Through repeating operating tests as described in the above

paragraphs [0046] and [0049], the intermediate operating pressure Ps (the step
pressure setting signal Ps) for the actuator 11, required for water hammerless
opening of the pipe passage L1 equipped with a vibration sensor 18, is selected
for the specified step pressure holding time setting signal Ts (the valve opening
time Ts). The selected contral signal Sc, by which the optimum step pressure
setting sighal Ps and holding setting time Ts will not cause a water hammer, is
stored in the data storage part 17a of the electro-pneumatic conversion control
device 17, and the pipe passage L1is opened from then on by controlling the
actuator operating pressure Pa based on the stored control signal Sc.

[0057] In accordance with the embodiment in the afore-shown Figure 9 and
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pressure setting signal Ps a little, and outputted as
the control signal Sc fromthe conputation contro
device 16 to the el ectro-pneunati c conversion contro
device 17, and the sane operating tests for opening
the val ve body 10 are repeated thereafter. [0056]
Through repeating operating tests as described in the
above paragraphs [00461 and [0049], the internedi ate
operating pressure Ps (the step pressure setting

P00 o S g 0 e v BA RS et B possr
TS e A T R —
SR S e T S FARREC D o
e I R
S R DB 6 oS SRR GRSl gy o

ontrqlling th act uat,or eratin ressure Pa based
@.‘ ngF%&EdV%%WE}ereQ?%%\&W [8027] I n accordance

with the enbodi nent in the afore-shown Figure 9 and
(26) Figure 10, the present invention is so nmade that

ohE s A nqeﬁ%:?fmpe%g%ﬁ Ohritabebesl " 7

WBHEL e £6 ﬂ\ﬂ%ﬁé‘?ﬁ R mermfi'aﬁ of figening a

i RBeates 2 6P vk ReRin SRR e oA foT SR Gagothod
it becones to condi tions

boRelar e ingis HecatsSepdnvamon; i Buie il Ledssanisnc pips
ot RS T SRR Sl SRSt
Rlng gn%( and 20 is an electro-pneumatic conversion device. The basic
configuration as a water hammerless opening device is almost the same as that
of the first embodiment shown in Figure 9.
[0069] The afore-mentioned tuning box 19 is for optimizing the actuator
operating pressure Pa in 2 steps supplied to the air actuator 11 using the
vibration detecting signal Pr, provided by the vibration sensor 18 mounted on the
upstream side of the valve body 10 and which is inputted as a feedback signal.
The tuning box is for detecting the occurrence of a water hammer from the
feedback signal Pr and is for outputting the control signal Sc, for the actuator
operating pressure, to the electro-pneumatic conversion device 20. Specifically,
as described later, optimal values for the step operating pressure Ps’' of the

actuator operating pressure Pa and the step operating pressure holding time t,

@7



fluid passage, and the water hammrerl ess openi ng device
for which the nethod is used, according to the
present invention. In Figure 11, U designhates a pipe
passage, 10 is a valve body, 11 is an air actuator, 18
is a vibration sensor, 19 is a tuning box and 20 is
an el ectro-pneumati c conversion device. The basic
configuration as a water hanmerl ess opening device is
al nost the sane as that of the first enbodi nent shown

_ %%Lﬁ?w%oﬂég%r%hﬁwﬁﬁr TRl sorly ol 56 Pay be
bilefued g8 rb?@webmﬁgfco%&érs&%; SO AR i ke the
A e P e e e

box is for detecting the

h
@%@ %%r’ﬂ: gqctt‘éa%\g hamer fromthe feedback signal
féﬂgeﬂ S{%ﬁrﬁgg §:lt§:§gq thggﬁﬁggﬂ rsgllgc?c;ﬁgsr\;v?tlch?gr sv]:ntchlng the
q i Bgéumatl C C nvers on device 20. Specifical I’y
Gl s ¢ cpresRon E}SttP # txp& Qleweradiony(NeD serp.C.) of the air
t f th t uat t
ﬁ‘ﬁﬁé@ﬁhgg éﬁi"uetr s1toe8 ope?at ?(r:]gugr g;sgfzrﬁo: glgng
@hggl .(273)?“8?] shown in Figure 15 are conputed.
| Fiure b ehews Qngnexanaie g fhe £C éﬁﬁeﬁmqlﬂda!f &attrf@rms a
el ectra-P eumaf i gqoconversn on device 20, whic
RaleL PeH & thedtiiRe oxo pthasriegn sisplayie éop%i't'éi&tj ﬁetthatracﬁfate of
the.el ct.ro- P rratlc onverS| on device 20 to the
P iRg 0 ﬂ!ﬁo iR geb@oraperatingReppae Ra torthe

a sel e%tor switch for swtching the control signal Sc

S Actuaios ddi HEFunstances qf e effbr%tm et the W'RQ\P@SQQP , the step
of the air actuator, 11 of the valve body 10, 0061]
MGG PEEsSHEsW S0 BdeRiRpYiBrasion: yRluess ther eenditigns seitipg for
éul%g—ttur}cir?gr,q‘ﬁ:’e %ondltlon setting for manual opening/closing, the operation type
of the valve body 10, and other information can be displayed on the screen.
[0062] The signal converter and electro-pneumatic converter are combined to
make the afore-mentioned electro-pneumatic conversion device 20. As shown
in Figure 13, the electro-pneumatic conversion device 20 comprises an air inlet
electromagnetic valve B2, an air outlet electromagnetic valve F, a pressure
sensor E, a control circuit A2, and others. Basically, the configuration is almost
the same as those shown in Figures 2(a) and (b).

[0063] In particular, an air pressure higher than 0.6MPa is supplied to the air
inlet electromagnetic valve B2, and an air pressure of 0~0.5MPa is outputted to

the actuator 11 as the actuator operating pressure Pa. The control circuit A2 of

the electro-pneumatic conversion device 20 is equipped with the substrate As,
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maj or part of the tuning box. The screen display is
constituted so that a state of opening/closing of the
val ve body 10, the actuator operating pressure Pa to
the air actuator 11, circunstances of the vibration

of the pipe passage Li, the step operating pressure
Ps' and pi pe vibration values, the condition setting
for auto-tuning, the condition setting for manua
openi ng/ cl osing, the operation type of the valve body

b Bt o B0 S o L o Bouwoutu
Bt BRSNS it RO 4 S e
e e el T e 5o R dofs
elictroma net i @ R\j@l é@ g,z an air outl et

an athr%s?ﬁy. mn onBrylCy - § Sg)ﬂég’@lﬁ)ére senpestedto the connector
A8 VbR in2ti R0 bk i dennacike Githe csandiRIAS. Shown i n

[ .2 d (b). [0063] I i cul ar, [
(PBEL Pl Showh e sheementaonliiw pEautoduning imihe second

[ nbgé_ el ?ctl;,orragneti c valve B2, and an air pressure of
mgosinisnt; JFigyepiR s8aws dhe reofative ralalianshipibetween dhe actuator

actuator o er%i ng pressure Pa. The control circuit A2
Qrera '?%Pf@rsg'df@r 3 PrRlgH the actuater t1 end tencsermencs ef vibration.

Equi&ped with the substrate Al, (28) the outside )
BUOESaER of Fiawe Poihe 2x¢lep aptyalnr ppetatingpsessyraiageshown in
Ij__.nﬁut ytput, interface Ao is equipped with two
dgHRet &t eppliedasdhagctuatqs aperatiog prespusd Bace  (DC24 or
[ﬁéé\@ of’lim openi ng/ cl osi ng signal I (vol tage I nput or

Ol ?fsgﬁﬁq fﬁﬁsyre ha@nd asrsbewnria Rigyse 113, theibyptinn sensor
%—198(})‘%%6% ar e ,coanect,,ed to the connector Ad, while

5 Alga ssseriber Pasiioneftibe Rike PRESagenkieta Besilien on the
L&:{%?64 Fi %ur_e_14 shows the inplenentation flow of

rgat,BifE gvithin hauts 100mm & dhe Male, bedyy (P con preferably a

the relative relati onship bet ween the act uat or
position of 100~1000mm away to the upstream side), and a tuning box 19 and

an electro-pneumatic conversion device 20 are set, respectively. Next, the
valve is held in a state of full closing for about 2 seconds (step Sz2) by the input
(step S1) of the auto-tuning start signal, and then the actuator operating pressure
Pa is applied in 2 steps for conducting control (step S3). As described later, the
holding time t of the step operating pressure Ps' has been set between 0.5~1
sec.

[0066] The vibrations caused on the pipe passage L1, when the valve body 10
is opened, are detected and confirmed (step Sa) by the vibration detecting signal
Pr from the vibration sensor 18, and a check is made to see whethervibrations

are caused at the point Av or at the point Bv (step Ss, step Ss). When it is found
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operating pressure Pa applied to the actuator 11 and

the occurrence of vibration. As in the case of Figure
10, the 2-step actuator operating pressure, as shown

in Figure 15, is applied as the actuator operating
pressure Pa. [0065] Referring to Figure 14, and as

shown in Figure 11, the vibration sensor 18 is fixed

at a prescribed position of the pipe passage Li (a
position on the wupstream side within about 1000mm
fromthe valve body 10, or preferably a  position of
My@rmﬁmramysq%aﬂhé PajsY Aveths siepeperating peessurg Ry of the
box 19 and  an el ectro-pneunatic conversjon device 20
aelvalosioperalingquessiie a ingeducedrstep, )y whileswhen d is found that
state of full closin? for about 2 seconds (step S2) by
theevibrations are capsey pt die polat By: the: alerermestioned stegreperating
and then the actuator operating pressure Pais
RiRsEvEedPs s rRaiseddSter @8 conducting control (step S3).

As described |later, the holding tine t of the step
K967 ht The aptusternarerading prassuse &ie kamindbeqriimum step operating
sec. [0066] The vibrations caused on the pipe passage
piessyfige st Huithy ayhjeh medyibradion; is epuaedd is aﬁvgngﬁlluqt@@med by
and confirnmed agtep S4) by the vibration detecting
Kipgating ther cantriehet ereningefihe @forsenetioned valyedogly dfdermally
is made to see whether vibrations are caused a tthe
pear ong tod S dimeshe Parmihepalveshedy Bhis made tasapen by swputting
it is found (29) that vibrations are caused at the

e pentm) signa $¢ @btaiped dhrough mue-tuning P§'the felediep-pneumatic
actuator operating pressure Pa is reduced (Step S7),

o vieesiomdavice 20storf eutput theaactuatheopensting prssure Badadselaps,
at the point Bv, the afore-nentioned step operating

whisk complately prevands theovilfretiens. S8) . [ 00671 The act uat or
oper ati ng ﬁressure Pa having the optinmm step

[B68ht The) shprters isuset the' stepi aperalinge prassung beldingotime ¢ of the
caused, is eventually obtained by

2-step actuator operating pressure Pa, applied at the time of the

afore-mentioned auto-tuning, the better. However, when using a pneumatically
operating actuator 11, it is desirable that the time t is less than 1 second. From
Figure 14 and Figure 15, an illustration is given for the case where a normally
closed type pneumatically operating diaphragm valve is employed, and the valve
of the valve body 10 is closed and then made to open by supplying the actuator
operating pressure Pa. However, it goes without saying that a water
hammerless opening can also be achieved by employing a normally open type
pneumatically operating diaphragm valve so that reducing the actuator operating
pressure Pa in 2 steps opens the valve. In this case, it should be noted that
adjustments of the step operating pressure Pa’' of the actuator operating

pressure Pa are the reverse of the case of when the afore-mentioned normally
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repeating the control of opening of the

af ore-nenti oned val ve body 10 (normally over 2 or 3
to 15 tines). Then the valve body 10 is rmade to open
by inputting the control signal Sc obtained through
auto-tuning of the el ectro-pneunmatic conversion
device 20 to output the actuator operating pressure Pa
in 2 steps, which conpletely prevents the vibrations.
[0068] The shorter is set the step operating pressure

g‘glég‘lén tlp%rrg“"t%‘fﬂ];ﬂlt}ég%g '_Stéiegl?l?féélgl?\E e RPEEE. ' What is, when

t d [ he bet , .
HbMEnS %ﬁé@ﬁﬁ' 2Hsed 3?5%5%%3 ﬁhf-gaatﬁa % operating Wrﬁswee‘pa s
desirahl e that ess t han second. Fr
ﬁdg'lﬁﬁa in Ahe, fiept Pieg’urﬂée f?P %I?PVPW'WQJB'E%%PT% ajlig e Lise rWh"e

se where a nornma cl ose eunat i cal

R SErp 255 RAUEHH Fae eV A RS AP aire Pa
of the valve body 10 .is closed and then made to OP
th Q@SE‘P'}H ?ngt'%'@délé?‘ﬂrath?ﬂ theo‘i‘}%ﬁ’ 89?’@&“%PE%9§HF%P©AS wered.
However ges W t hout sa){ % that a wat
I9RBRE |'%g%re08§m"H§tra!aﬁ the Srlafionsbini bobeey themstesy iagrafing
nor mal Ig open type neumati cal |y, operati nﬁ di agh agm
RIgsHWes oltdwattlm@du@n dha peessute, 568 Yahee £ PHdPas) when the
pressure Pa in 2 steps opens the valve. In this case,
PRewRRtin Bressureeraratingyalve { {9Pmentis eppleyRs, W%Wh"’h inner
operating pressure Pa' of the actuator operating
PRRASHY FMpigs an@qr}g@draémtg@e when fthe valwisgpeRpg A F’H%ed and

af ore-nmentioned normal |y '{))ﬁcl osed télel
%ma@ﬁ?@psw@p%ﬂ@wm@ecﬁféb R 21 98MP2 arg@294Nk@ are
is, when vibrations are caused at the tine when the
RRANest With @pé?raratrr@ presswarRa paving the agivatal qnerating pressure

first ste the ste operat pressure Pa' is then
Paiof OPafpi102 Pa{glraﬁét%séfdh%& begie detergined
when t he actuat or operatl ng essure Pa in the second
Yabg the ster gpewmting HapssUie @!ﬂ@w bper bis mgdp tede mereihan 1

is | owered. . L
second, the pressure rise AP can reach nearly zero, and if t is made to be less

than 0.5 second, the pressure rise AP goes up.

[0070] Upon completion of the afore-mentioned auto-tuning, when the control
signal Sc, which allows water hammeriess opening of the pipe passage L1 (that
is, the control signal for outputting the actuator operating pressure in 2 steps
which allows for water hammerless opening), is determined, then data of the
afore-mentioned control signal Sc (that is, the operating pressure Pa) are
transmitted to the electro-pneumatic conversion device 20 that stores the data
separataly. Thus, the tuning box 19 and the vibration sensor 18 are no longer
necessary and may be removed from the system.

[0071] When it becomes necessary to urgently open the valve body 10, the
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[0069] Figure 16 illustrates the relationship between
the step operating pressure holding tine t and the
pressure rising value ~P(MPaG when the pneumatic
pressure operating valve (19.05nm is enployed, with
whi ch inner capacity remains unchanged at the tine
when the valve is opened or closed, and 3 pipe
passages with a liquid line of 0.098MPa, 0.198MPa and
0. 294MPa are opened with an operating pressure Pa

SNARSaSoR ATy BB R SRY Borf fhter rapmeriss
AEP R, A bttt I 188 o ilB-BsRi e e R idiice 26 to the
ALY, 47 8 vevo H 7S < BEBMRD 6f 815 S aols-rntigned
050! e e ol e AR Fep Shnaiiiad bt ch sl | ows
172 DAl fiep 5t o M BmbPefnest St i loEFS | BOYHER b Bctuator
RBtRhe dEeRiAE i Ge Sieb QReraina Psaire e Ahd g ol fime ¢
B3 060 a0 e o B o i rb. gt on e
el ect.ro- pneumat Lc conversi.gn devjce 20 that stores the,
TRETRtG JURFSTE B8 SR LanSTIBcd 5 6 BERrgnawaal, conversion
A TR oSl 16385 e Wi PO Yo 98 ity
v

B Db O AR o SR o5 Vit bt e

ter ha ri ess, openin are outputted fromth

DI B9Xpa. Mg e S0 R0 gt b oo b inlpgrated with the
alct uatorplllfof Ithec_val ve bo ydlo by enpl oyi ng the data
SRCTSENIIBALS FRRTIPRACVIER DT of si gnal | pr evi ous|y

ﬁ%&gf ”ir:‘&%?’e !lptlsog pstgrlilmt c?iégt;r%m mg'strating how the method of supplying
chemical solutions according to the present invention is applied to a single wafer
processing cleaner that constitutes a semiconductor manufacturing facility.
According to Figure 17, Ao designates a fluid supply system, 10 are valve bodies
installed in the fluid supply system Ao, Bois a single wafer processing cleaner, Lo
is a pipe passage, W is a wafer, A is a mixed chemical solution (0zonized
ultra-pure water - the concentration of ozone 2~3ppm), B is a mixed chemical
solution of hydrofluoric acid, hydrogen peroxide, ultra-pure water (mixing ratio
0.03:1:2), C is a mixed chemical solution of ammonium hydroxide, hydrogen
peroxide, ultra-pure water {mixing ratio 0.05:1:5), and D is ultra-pure water.
The fluid supply system Ao in Figure 17 is constituted in the form like, for

example, the afore-shown systems of Figure 1, Figure 9 or Figure 11. The
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[00721 Wth respect to the enbodi nent shown in Figure
11, when the actuator operating pressure Pa (the step
operating pressure Ps' and the holding tinme t

thereof) is determ ned upon conpletion of the

aut o-tuni ng operation, data on the operating pressure
Pa are transmtted to the el ectro-pneumati c conversion
devi ce 20; thus, the vibration sensor 18 and the
tuni ng box 19 are conpletely renoved thereafter from

gﬁtleﬁ'}’éftlﬁgﬁrfgg}'v}@ég on%f(t;\:/\t%@ Fii’aé# r%@? meaya&}ﬁ o) Qtﬁ@% etb%%lyw is
V\}Iaegglﬂ ﬁg dp‘aé% gfeval gﬁé@&; @Wéﬂg@t&egdrﬁ onv&r @ﬁactuator (not
R g%e”%ﬁ%ed&,e@%”@a%&ﬂw SHET3l e e
SBH U R e VI 3P 580 Bl 7t v
SR 16 S RSB TA hhd
iqmmyrﬁxst e e
A DR Tt R € B3 o .
gss%wraefur@% %%6%@9@&93%&%94' S S S . v
PSS ot A B G
i @P <8 BN A e s e P GemieatRaudton, fpuppled
Lo tﬁs%cwﬁé%g%@th: b R S S vahe
bt i
PreE. Q&edfn“ﬁs ttigﬁ-@ B et I Aes supRlEc & i
geesllrab% tha{ the} pressure nsé’value in the pipe passage L1, occurring when the
valve body 10 is opened, is kept within 10% of the pressure value before the
valve is opened. In order that the pressure rise value is kept within the
afore-mentioned 10% limit, some adjustments are made for the driving input
value to the afore-mentioned actuator and also for the corresponding holding
time. The pressure rise value in the pipe passage Lo can be kept within 10% of
the steady state value by maintaining the pressure rise value in the pipe passage
L1 within 10%. Furthermore, with respect to the embodiment discussed above,
explanation is provided only for the upper limit of the pressure rise value at the

time supplying of mixed chemical solutions A, B, C and D (or at the time of the

valve being opened) is started. However, it goes without saying that there

(33)



degree of valve opening for a short period of tine,
and then the valve is noved to the position of ful

“ opening so the valve body 10 is fully opened. 100741

The constitution and action of the fluid supply system
Ao are exactly the sane as those in the systens of

af ore-shown Figure 1, Figure 9 or Figure 11.

Therefore, further explanation of these alternate
enbodi nents is omtted. The cleaning process of a

I a0 o B o o
S A . T
e HEins Ve ey EBelc Rl YRR £8 BRI Elob 0 Cls oot for
B P 50 AR 0y o

w? ? the valve body 10 is opened, is kept within 10%
he pressure val ue before the valve is opened. In
order that the pressure rise value is kept within the
afore-mentioned 10%linmt, sone adjustnents are made
ﬁ sitif OF{IVI 0 ut value to the afore-nentioned
or the corresponding holding tine.

B0 FeIP i Plesohl BipHtin B %ﬂtnpé;ta%ﬁe Bl BB G Pl PSS For Water,
R4 A it s, Bt it e ap&ﬁﬂﬂ%ﬁ@e iy Ripes for
obSoRaR T b aeBE pwgﬁg'?vtﬁnﬁn iR if Ao ARBGEhIe t9 sueply
PY&} Br Bfigh Aasss 4F0IRR) Lo il éﬁrﬁqséﬁtféowa@ﬂ@ctum plants,

B %doﬂqﬁﬁ?d%wiﬁ'ée?@é; Thi e ihvsstion I8 RriCulasf Sutea for
#ﬁﬁéﬁé A é&'ﬁﬁi"ﬂi%[ﬂtﬁgﬁaﬁ JiricBR G ot Bes oF itehing

dA‘\flcgs used:'Por s%n&cond%ctor manufaciuring.
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time of the valve being closed). Each valve body 10 in
Figure 17 is operated for <closing so that the

af ore-mentioned pressure rise value is kept within the
set value. Feasibility of Industrial Use [0076] The
present invention is applicable not only to supply

pi pes for water, steam and the |ike, used in

i ndustries, but is also applicable to supply pipes for
househol d wat er/ hot water. The present invention is

al so applicable to supply pipes for fluids (gases and
l'i quids) used in sem conductor nmanufacturing plants,

6@1 6|| Efqd;nts and the like. The present invention
ar ¢l Piy suited for application to chanbers,
mafer cl eani ng devi ces or various types of etching

devi ces used for seniconductor manuf act uri ng. (34)
is clained is: 1. nmet hod for_ water hanmer

X“Sen. ﬁdﬂswogqer water B%E‘&&%S%‘Pléﬁrﬁ'&q gha Hig pasﬁﬁaqmaracteﬂz'ad

with the by which the fluid passage i s made
%Q}?tb\y't @e o’ bywhieh dhe Buid passage Wﬁ%@pembmeans of
560VIded on the fluid passage havi ng the near

ASakar opPeAling ity Yalyqierovided gnghe Hhidnassage hagag thecnearly
val ve body is npved toward the direction of the valve
@fﬂ’é‘ﬁ'ﬂ%@’fﬁﬁuﬁ@sﬁjﬁdhﬁ Pirerpassage fisi the vgiverogy s grovad toward
actyat or bei ng i ncreased or reduced to the prescribed
the; ditection of Ahg) valve erening By the, atﬂremrttﬁee%ﬁu@gdnwlsto the
hel d at the afore-nentioned set value for a
FRivatgn baing ingraased-gireduesd todhe dresioed et Yﬂi't!ﬁ ansi the dnwng
further increased or reduced to make the valve
igpyt te the aetyptor istesld athergiere-maetioned; set yalye fofea mort penod of
opened without water hammer. 2. A nethod for wate

¥aamand then, saishdrdng fnpat 3 furihep incserfedaer mdypes rhake the

valve in a state of full opening, thus the fluid passage is opened without water

hammer.

2. A method for water hammeriess opening of a fluid passage as claimed in
Claim 1 wherein it is so made that a normally closed and pneumatic pressure
operating type diaphragm valve, or a normally closed and pneumatic operating
type diaphragm valve which is of the fixed capacity type with the inner capacity
of the valve not being changed when the valve is operated, is employed for a

valve.

3. A method for water hammerless opening of a fluid passage as claimed in
Claim 1 wherein it is so made that the time for the driving input to the actuator

being held at the set value for a short period of time is made to be less than 1

(35)



Caim1l wherein it is so nade that a normally cl osed
and pneumatic pressure operating type di aphragm
valve, or a normally closed and pneumati c operating
type di aphragm valve which is of the fixed capacity
type with the inner capacity of the valve not being
changed when the valve is operated, is enployed for a
valve. 3. A nethod for water hamerl ess opening of a
fluid passage as clainmed in Caim1l whereinit is so
made tha the tinme for the driving i nput to the
HePnde 31 NirePirgSHE Eseavalip of doq flv§| Fwsm igmadgtp be within
ﬁ:}e{’/”o?ﬂ@f time is made to be less than | (35) second,
a eesws value heforedhe valye is madeteppehassage i s

made to be within 10% of the pressure val ue before
the valve is made to open. 4. A device for water
hamrer | ess opening of a fluid passage characterized
4y t hAdeyvicejfar water hammariess @peniag of @ fkishpassaga chakagtarized
body, an actuator to drive the valve body, a
Ryi thabit fsove constived thab§ semprised.ayalve bory asi @@u@ag@afyye the
on the wupstream side of the valve, an
vaivec bpey, i siralion: seBseresmayablyofixacblto dheyinine passagei en the
t he val ve opening/closing command signal is inputted
UpSteAM: Hidovel the vakee, ar Elretrorpnepatalici qegversisnsenriropdevice to
inputted to the actuator is controlled by the control
whighthe wive ppening/clesingeomimand signalge initediandauiawbich the
and a conputation control device equipped with a
achiter PB%fﬁt"dQ) AFessare dip iputtad ttot Gevisteator lie conirgllegt by he
detectlnq gnal Pr fromthe afore-nentioned vibration
coatigbyigna i»?@ @9@5 indpe dgtar Bormgetnangn Adyaage, Radiaycerputation
su plled to the actuator, the step pressure holdlngl1

| devies eguipipgdavitra compatisen pempitation|cicuib fewhich the
I|n1t vi bration pressure setting signal Prmare
vitfatian defectinggsignal iPrirone he: aferexmentionashyibistion sengarathestep
detectin gnal Pr and the perm ssible upper [imt
P SHUER isgglngr%g@ajrrés dethe pgpplied to the actuator, the step pressure

holding time setting signal Ts, and the permissible upper limit vibration pressure
setting signal Prm are inputted, and with which the afore-mentioned vibration
detecting signal Pr and the permissible upper limit vibration pressure setting
signal Prm are compared, and the afore-mentioned step pressure setting signal
is adjusted, thus outputting the control signal Sc consisting of the
afore-mentioned holding time setting signal Ts and adjusted step pressure
setting signal Ps to the data storage part of the afore-mentioned

electro-pneumatic conversion control device.

5. A device for water hammerless opening of a fluid passage as claimed in

Claim 4 wherein it is so constituted that a computation control device comprises
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signal Prm are conpared, and the afore-nentioned step
pressure setting signal is adjusted, thus outputting
the control signal Sc consisting of the
afore-nentioned holding tinme setting signal Is and
adj usted step pressure setting signal Ps to the data
storage part of the afore-nentioned electro-pneunatic
conversion control device. 5. A device for water
hanmrer| ess opening of a fluid passage as clained in
Caim4 wherein it is so constituted that a
conputation control device conprises (36) a step
pressure setting circuit, a holding time setting

% %féh é)weéu%eééfﬁ PR, 4'REI8Ing ke dettingi dincait, iacperprssibiaiveper limit

circult, a brat.i on sur 1e
cnnlcnall@n anlﬂgssgllre Cs(gaﬁt{,\é:r pggﬂtl & fltzqqu gﬁesgﬁr CESHe'&ﬁn% circuit and a

ﬂai?f?sg?( cbinphiaBth ERdURE bhd @hen greavibratior detectng sigmgl Pr exceeds

erm per |imt bration t
T onbat e BT T, Kzt shor

S' tﬂ@ ctds%r%?QPaTﬁB apparis slé]ﬁctﬁrgad,rlhesmprwewe sefting signal Ps is

ted t di
doadms;eq Towarcuine eI, PEYAITS Slpoig e Hhoh L vkt detecting

§r?é1§3rtetl8e rtﬂbsp%'nhisglblépmﬁierllmm \tibratid antasmrepaeag\gmi@al Prm

d f
0 pgn%]d%mglly?g%g ther @tuéggem@w %/rg"sigtﬂ'g s & tt):a%lq%& tté‘ ?%ér)nhaxwum from

[ nﬁjgrl%%galg ét@ﬂ db‘é%t%b' préssure s ther step tpressre setting signal Ps is
pressure settl nal "Ps is adjusted toward the
dlacbnsted)tov@?‘dmfi)@c af vedve @enldyeyi ce for wat er

hanmmer| ess opening of a fluid passage as clained In
Caim4 wherein it is so constituted that an

el ectro-pneunati c conversion device conprises a data
storage part which stores the control ginal Sc from

th® cofyslavice f@hwemmammq&ﬁswenmfg&@! d @aﬁwesa%ﬁlaimed In
part and an el ectro-pneumati c conversion part,

actlaim drwhgreindt isrsg @r@ﬁwmcbtr@bﬁn elactrerpiieumatie opaversion device
outputted fromthe signal' conversion part to

t he
el cotnprisepre Wada istorege rars wbichp stores) dee gontrol signal Sc from the

computation control device, a signal conversion part and an electro-pneumatic
conversion part, the actuator operating pressure control signal Se is outputted
from the signal conversion part to the electro-pneumatic conversion part based
on the control signal Sc¢’ stored in the data storage part in advance with which no

water hammer is caused.

7. A device for water hammerless opening of a fluid passage whereln it is
so constituted that it comprises an actuator operating type valve installed on the
fluid passage, an electro-pneumatic conversion device to supply the 2-step

actuator operating pressure Pa to the actuator operating type valve, a vibration
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on the control signal Sc' stored In the data storage
part In advance with which no water hammer i s caused.
7. A device for water hammerl ess opening of a fluid
passage wherein It Is so constituted that it
conprises an actuator operating type valve Installed
on the fluid passage, an el ectro-pneumati c conversi on
device to supply the 2-step actuator operating
pressure Pa to the actuator operating type val ve,

a
vibration sensor, removably fixed to th i pe,
Sl te Wby AL 15 i BPHcPaeabhaon 4o oslreRi Sidegof the
act uat or. operating type.valve, and a tunin ox to .

R THERE A et PRI bR vl e ity B0t uhich the
thrqugh,the. vibratiqn sensor. is inputted  and from,
YF2ion dreogting PERaLEE ERCRE neSuaimhecribieten essor s inputted
operating pressure Ps' of the afore-nentioned 2-step |
384 IR s e genie! ponalitn to BRupLNG e praraGpieRsire Ps of

Iecftro- neumati.c conversi on device, to output the
e plafe-ENMiSnGs 26tkR AP Qpecaliigr biepsira Pa froupiiied to the
operating pressure Ps', which makes the vibration i
HECERPRRYMafiq FINvession.deYice, AQ, Qutpet, the 21siep actuator operating
el ectro-_pneupati c conversion device by adjusting said
REREVS Pei gnile sep eperaling: PRRRPUFR P SvalvBiEh HarkRS this yibration
ening .of a fluid passage characterized by that,
deteRtn ORI ey e op HRMGe £laqtigrRneymalis genyessiofevice by
a, vibration sensor is renovably fixed on the upstream
§‘T‘JH%t'r19fsat"ﬁ§°'§qul§%9t”8F36perati ng type valve installed
on the fluid passage, and the vibration detecting

signal Pr is inputted to the tuning box, and then,

éhe c%g}]étﬂl ?i nal Sc fromthe tuning box is inputted,
0t ed fordvalachammeresyPraning o7 fidd pagsagerharagerized
%-é_ltep _@ft§1uator operatin ﬁ)r_essure Pa generated in

hidak vath thg mefbodiariaper uwid paseass feeWhighiandbration sensor
afore-nmentjoned control signal Sc is supplied to the

ig Jemevably dueden the,ursiraam sSide of the actuator operating type valve

installed on the fiuid passage, and the vibration detecting signal Pr is inputted to
the tuning box, and then, the control signal Sc from the tuning box is inputted to
the electro-pneumatic conversion device, thus the 2-step actuator operating
pressure Pa generated in the electro-pneumatic conversion device by the
afore-mentioned caontrol signal Sc is supplied to the actuator so that the actuator
operating type valve is made open in the 2-step operation, the 2-step actuator
operating pressure Pa to be supplied to the actuator and the vibration detecting
signal are compared for the relative relationship of the two, and if vibration is
generated at the time when the first step actuator operating pressure Pa rises,
the step operating pressure Ps' is lowered, and if vibration is generated at the

time when the second step actuator operating pressure Pa rises, the step
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operating type valve is made open in the 2-step
operation, the 2-step actuator operating pressure Pa
to be supplied to the actuator and the vibration
detecting signal are conpared for the relative
relationship of the two, and if vibration is

generated at the tine when the first step actuator
operating pressure Pa rises, the step operating
pressure Ps' is lowered, and if vibration is generated

8peiafifig prddSare'\PeMs Hised ea‘?ﬁriﬁ e?)[b éﬁ@t;ﬂ{e QREFY b step

pressure Pa rises, the step erating pressure

ﬁeratiﬁg bRdstRifk Pﬁ_rtg hi& sdid Wnﬂ?gﬁifr@gét%gtf(@ Qgﬁ%lrﬁr fea Ogeﬁo is

e step operating pressure V|br

d@lfeﬁﬁﬁq'eﬂ%ys 'r&i@étlng’ra }’;} o@hy éﬁ étﬁ'nenl@ {;felransuy%é l?é(f)v}ua-rlng the

repeating a plurafit ment's

bRY&hdMohd® st8p Ofise gt'fi 5 gfﬁ?ge ﬁ@%r@tﬁg g uet!)Qf g fels-%éhﬁoned

Ps' so that the I oned oper

éMQ&toY 6b¥|eat| hd t)?]B%dﬁal\‘?é’ RmAds Egeﬁ 'B?Q&i 8n Q¢ &‘?gh%ﬁn{g@'l signal

si gnal 2-step opérating pressuar

$8hehthe Qﬂéﬁéﬁbb&%uﬁé Eﬁfslé[uee P50 thte%[t%ér%grgﬂﬁg ﬁFe%tsbroenPs to

of vibration near 'S ou pu

AhRE %% féﬁzt b€ GRS ﬁé‘ar VE&? s %uﬁﬁ'@%d SN the

wat er SS opening o flurd’ passa

&Qéﬁ@ﬁﬁ&ﬁﬁqg&d orrg\}ﬁéﬁwg\gth t he net hod for openi ng a

['urd passage a vibration sensor is
rennvably fixed on the upstream side of the actuator
operating type valve installed on the fluid passage,

£ i S e
con \a}fe %ﬁhgﬁe g@\;h%d;fdr'& HH\ Lgd g% g§ Cf?ﬂ&{lgp %n\ﬁtglgﬁ{m Rgnsor
iPrERBVARRY Fi quhefh%t lgﬂjsttﬁerén{ Q e&fetﬁ zfctlgélgru HE%I%? ing, type valve

converS|on eV|ce b

B o ST R AR S b o o
the Blrfity BEBE Ak A, thE Contrsisihaf L YR the tuning box is inputted to
the electro-pneumatic conversion device, thus the 2-step actuator operating
pressure Pr generated in the electro-pneumatic conversion device by the
afore-mentioned control signal Sc is supplied to the actuator so that the actuator
operating valve is made to open in the 2-step operation, the 2-step actuator
operating pressure Pa supplied to the actuator and the vibration detecting signal
Pr are compared for the relative relationship of the two, and if vibration is
generated at the time when the first step actuator operating pressure Pa drops,
the step operating pressure Ps' is raised, and if vibration is generated at the time

when the second step actuator operating pressure Pa drops, the step operating

pressure Ps' is lowered, and the step operating pressure Ps’ of the 2-step
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operating pressure Pa supplied to the actuator and the
vi bration detecting signal Pr are conpared for the
relative relationship of the two, and if vibration is
generated at the tinme when the first step actuator
operating pressure Pa drops, the step operating
pressure Ps' is raised, and if vibration is generated
at the time when the second step actuator operating
pressure Pa drops, the step operating pressure Ps' is

oA prfties BE. B rﬁék%geéi‘fiﬁr@ Geipitigiatal f el zero, s

et 69”%9§é§$a31 hd) ph%a@vf aﬁiwﬁ?wxefoammq fEpeeria the

BF aihihed o¥eh, bsaiite, eriute t o & dhet ﬁ%t?fg%@'e‘"tmed

A6 4R% PrerBesypP faIveb s e o' daeBrigusd o Sty on the control

%@35?%' %ﬁsﬁiﬁ%émﬁrﬁ%ﬁfn& Br%a?%r%ﬂvqﬁfiriw%é%té‘n%%&éﬁﬁé‘éFe@sure

B3 T8 b, SonelBh it “youf Mkt RS piss 45 Gpkitig Bpmatne
assage as cl.alggd in Caim8 or CCaim?9

flui
ﬁ!ﬁgﬁ%"lpﬁe'i"'i”a S CUYERUYRAEYSE: t he vi brati on sensor and

tuni ng box can be renoved after the data on the
control si gnal Sc at the tinme of outputting the

Ror Z?\ raﬁf'?f? oTathB REGEiegess et al s B BStaRs FRrBmEd in
el K4 sfnigy S Pt éﬁ%téé’sﬁmﬁs%ﬁgé’%’éé‘i#ﬁ&%orﬁa%ﬂ tiripo box
9 wh
o iy L preaHatbun
'%ls,z osition.on the upstream e wthin g mm from
Re2- BB PR phesgureL Bt M Wit sharAen ghUbTRlopds mearly
i nstal |

ed.
Zero, are mputted to the memory storage of the electro-pneumatic conversion

device.

11. A method for water hammeriess opening of a fluid passage as claimed in
Claim 8 or Claim 9 wherein it is so made that the vibration sensor is provided at
the position on the upstream side within 1000mm from the place where the

actuator operating type valve is installed.
12. A method for water hammerless opening of a fluid passage as claimed in

Claim 8 or Claim 9 wherein it is so made that the step operating pressure holding

time t of the 2-step operating pressure Pa is set at less than 1 second.
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12. A nmethod for water hamrerl ess opening of a fluid
passage as clained in Caim8 or Cdaim9 wherein it

is so made that the step operating pressure hol di ng

time t of the 2-step operating pressure Pa is set at

| ess than 1 second. (40) 13. A nmethod for supplying a
chem cal solution wherein it is so made that wth

which a fluid is supplied to the fluid passage on the
downstream si de by opening the fluid passage by neans
o13.t he Aautethricbfor spipplyinigng chgmécal sblution iwietreihlieid sonidde that
flui d passage having a nearly constant internal

pwits svhieh atflidisnsuppliedHerthe dluidspassageron theudewhsteanaside by
fluid, and firstly, the valve body is noved toward

t bening dbe¢ i fuid qfassages chyopeanegoibthe metatsi ogerating type valve
decreasing the afore-nentioned driving input to the
aiostalied on tiioe filid passsgs hindnl a ekearybostanticteri ppetisufd tierein,
driving input is held at the afore-nentioned set
vathemical salutiods Uspe foredfiud, dndifiestlyathe vaheibodydéntbved toward
driving input is further increased or decreased to :
nthi afirectian vvdlee openingthytiacreasing Wrldecareigntie Sorfehbnifoned
wat er hanmer does not occur at the tinme the valve is
aprivinepinpdtito the aetuatst th the preppliédigetavalies ing ahe aetubior Aiving
as claimed in claim13 wherein the tine for hol ding
titysutds heldltzt thedaford-m@ntiomid sat valuadosg Ehorepériod éfitinde, and then,
short period of tinme is allowed to be within 1 second
aadl divdng InpasisifarthérdAcretsed Biedddredsbdd $6a@Ca ValvE 8Blin a state
within 10% of the pressure val ue before the valve

apdall openihdg kb that a water hammer does not occur at the time the valve is

opened.

14. A method for supplying a chemical solution as claimed in claim 13
wherein the time for holding the actuator driving input as the set value for a
short period of time is allowed to be within 1 second and the pressure rise in
the fluid passage is kept within 10% of the pressure value before the valve

opening.
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