I I s *159159* METHOD FOR WATER HAMVERLESS OPEN NG OF
FLU D PASSAGE,  AND METHOD FOR SUPPLYI NG CHEM CAL
SOLUTI ONS AND DEVI CE FOR WATER HAMVERLESS OPENI NG FOR
VWH CH THE METHOD IS USED Field of the Inventi O”I‘I“IIII"”I'I\UI“

IlIlIIIIHIII

[0001] The present invention |s concerned mnth
i mprovenents in a water hame .
whi ch the water hamrer effect |s conpletely preventl%"&l59
when pronptly opening a fluid passage, and is nore
specifically concerned with a nmethod for water
hamer | ess opening of a fluid passa net hod_f or

{ METIHIGDIFER AT R HANMRRL 558 GPESUNGAOF drL Ui BASSAGE.
hamrer| ess opening for which the nethod is used so

t ARD METHODI FORaSEREE YilNGopeifdd GALL SKILWTIGMNS ANZEDEVICE
W t hout causing the occurrence of a water hanmmer
effERIWATERNIBAMMERLESS SFRENMNG tRBRWHIOHIR4EAETHOD IS
irrespective of the degree of the fluid pressure

i nvol ved. Background of thedpmention [0002] It has

been wi dely known that when a passage through which a
liquid, such as water or the like, passes is abruptly

cl osed there occurs the so-called water hamer with

Fi i tpe ressure rises inside the passage on the
i@@—i&&a—ﬁh—&%‘ Ve of the closed point in a vibratory

manner, thereby. causing various rob such as.the
[006F b akkiguPreserieinveationrisi RRRGEIRR t‘é" OW@V%G“GP% thed water

passage due to the water hamer. L
hammer prevention system with which the water hammer effect is completely

prevented when promptly opening a fluid passage, and is more specifically
concerned with a method for water hammerless opening of a fluid passage, a
method for feeding chemical solutions, and a device for water hammerless
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.

Background of the Invention

[0002] It has been 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 point in a vibratory manner, thereby causing various problems
such as the breakdown of devices or instruments connected to the passage due

to the water hammer.
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[ 0003] Thus, various techni ques have been devel oped to
prevent the occurrence of a water hamer. However,
these techni ques basically enploy either one of the
foll ow ng nmethods, that is: (1) the tinme 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 outside by opening a bypass
or is absorbed b separ at |nsta
(U ey R o Beﬁauﬁa%?'speﬂe 6 frevent the
ti me-consum ng for closing the f|luid passage,
oqeigence i a watai hamenerg Hidwever, hbesedgchRiaups &?&tca"y employ
closing of the passage, while according to the latter
cither rang of tthe fallawingc ateodsr thekdsibihathe fimes fefeclosinga fluid
accunul ator attachnents is too high. [0004] The
pagkage-isreett to drecslightly iy er (20 thegvib retingatress irengasverated inside
effect have been discussed in those industrial fields

of hergadshyk ds irB\eakea o ahe & Asideedy openiaig afblypéaSS assage or is
guantity. In recent years, however, in fields ere

at%ﬂ?t}%d wker eéﬂi\%g?t'gr |Y1r<;fa‘1"led'a%‘éﬂh\£ﬁéiorfWh@f@ﬁ‘i@r%eth!ﬂd?&’sfound to

eaning 1 n sem conductor

oSTREAFHEPE 0 GURTLGEINE G, TER A 7o mos

theeR oL e Grng ab i bassats wrfi AsPed ﬁs?Eo fRypggEmethod,
thrgml rgiﬂjrtljte%&?c?qig ,fc? |Jc tgf@f‘#%'g{?'@ts Ilﬁ%sgap % tg%a/ ea&%[u%& atgy %ﬂglchrtn%hts is too

throughput characteristics in the manufacturing

highocess. [0005] Patent Docunent 1: Toku- Kai - Hei
No. 7-190235 Public Bulletin Patent Docunent 2:

[0T04)1- Rae afore2adtibnédIssuds regaddingethenwateat ammmer effect have
Docunent 3: Toku-Kai No.2002-295705 Public Bulletin

bddi@RLuS¥ed lretmisecihdusiridi fitkis wheenflgidsinoblvesea pslathesly large
i nvention have devel oped and di scl osed techni ques to

ficsPlquantitye Hf RERNEDBAIO MR averhh gidfds 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.7-190235 Public Bulletin

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

Patent Document 3: Toku-Kai N0.2002-295705 Public Bulletin

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

developed and disclosed techniques to solve the afore-mentioned problems
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rel ated to conventional techniques for preventing the
occurrence of the water hammer effect, nanely, (1)
not being able to cope fully with urgent passage
closure without basically setting a slightly |onger a
closing tinme of the fluid passage, and (2) not being
able to cope fully with the rising facilities' costs
incurred by adding measures that basically absorb or

| ease t he vi b i n [ t

relalRrE R ohVaRiard thedaubt T Bieptifing 029%8E@%§8f4fuﬁh8 water
passage qui ckly and surely at ow cost a

hagarmer &iferb nEmEN el haRHERINg Ph epidt ppemfaﬂv w'msurgent passage
techni ques of the present invention allow a fluid

closase ayithaw basicalby gptting a1 gightlywiopgeuta clesing dime ehdbe fluid
of a water hammer and, in an extrenely short |apse of

passage,( Bod (@yagl leging alie rto10q®e glyc Withbthepasingr faciigies’ costs
closure of a valve provided on the fluid passage by

indMPsts by atiting mdagpred dsatnpasicalyvtdbsosh orAledeasd Hiee vibrating
techni ques of the present invention determne the

pré?&lﬁét ' tI’Hﬁsftﬂia p?bé’érhtﬂﬂveﬁthﬁ\ Méké@lt'p@sé@‘@fdﬁ@orﬁ?tlﬁ@b&ké'a fluid
osure, and in order to nmake it pOSSI he

pagggggtq ﬂ%ﬁﬁgﬁd tsg %?ﬁ)v\\f"'cb%‘t\‘/’ F\/ltWB enéray g Ef@r'?ﬂrmmer.

y-con Yi ng osi n

e %r“aheetﬁp&h@%%o e ——
atgyiS fgose vithouf M Bopuediseot & wals Rodier At b gnastiremely
surely. Disclosure of the Invention (Cbject of the

shprhiapse oh tipeoder examele. thir 10894Meee)s ngJetr@ém'r'gqe@§ure of a

for a fluid passage have reviously been devel oped by
vaivevpravides! oh thédlugh passagea by emeanmobnulitislepvelodiag operations.
fluid passage to be abruptly closed, quickly and
Alsolrtak Yechmidiesidf thaysesentanveritin détarmize théfoeatitionkdier closing
achi eving excellent practical effects. However, in
thé& &&R 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

neasur revent . n j

nafiiah EtephJnPh a&ﬁ%VHﬁP?ﬁ%*ﬁefﬁaoggw ety Mk, gecent
to be ffICI The reaspon. is \at er

veRimiBr Talde SUSHLAS hes SETIONLCts oY qoi@"rfq iaciity industry, the
passage, various difficulties, such as noving of

chgml ealcands phatrsageidical indusyiass and thenlike, Haers 8@? bgensz strong
Due to the recent trend wherein sem conductor cleaning

dedirei toesgliablydpravent ithe wataphamnoérefiecigatethe pmenwhentthe fluid
whi ch wafers are now treated one by one (a single

padBhge i abARE dygerrideane nbt only Aathebdmeehénmios flaidt passage is
not only that quality inprovenents in the |iquid

abtypiR)} ¥los¥at e‘Thé&%rﬁéhh&YéidneMre fot %Eb\iémhﬁ@wdtérnﬁammer at
required for each process of cleaning is shortened to

théﬂeﬁ‘f@abrﬁéﬁ &%E&n%doftthé ﬂPW;ﬁé@sa&?q{ﬁcﬁcﬁrﬂe%HfB nd to be sufficient.

er nor use o ore-nmenti oned new

treat 3 f

The SR R o e her B %‘%‘ugﬁécﬁﬁ'a St the fluid
openi ng_and S|n |nc eases . becau S,.a

paSRgge cTEg R, MU, oreh & FRuing SERSTRlERdFleo e i rassage
wat er hamer| ess vaIve openi ng and cl osin ,

anssthe, ke, asehaPur dorfbe Jecent frepd vagr P%ﬁ%‘%‘ﬂcqr}ﬁié’f’toé cleaning
l'iquid supply system does not cause pressure

devices, wandi theslikehi ¢rapleaf deaningeequipaess adth pbisbevafersi are now
an object of the present invention to solve the

treafted enetoyt orme Galsingteowhferprecessimg cleader) itihas become important
sem conduct or manufacturing facilities, cleaning

nct @mlpirRitiquany ifdpRolérnientsandhé mqprdow;tlﬁy gystehhark dchieved, but
wat er hanmerl ess opening (4) of a fluid passage, and a

alﬁgﬁg%é %ime RyUireRIPoY eBth Ipréisisd ofadiearing @Y sR6rtéMéd 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 hammerless opening
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hamrer | ess opening, for which the nethod is used so
that the fluid supply passage is surely and abruptly
opened in a state of water hanmerl essness. Means to
Achi eve the bject [0009] Inventors of the present

i nvention have conceived of how to open a valve by a
multi-step nmethod, in which a valve body of the valve
blocking the passage is rapidly noved to a prescribed

fil!l %i rp%%sgg?%gér&%\?ﬁg%éga B\eq,[%\ﬁjﬂergy pg Hﬁlﬁllgngnﬁ Qasgéw%] rf]%r water
q%g)r;g; 58 QPROKIE. dpr IMAFGLhEameted @’éﬁe‘\éocbm@\egﬁuigysuppw

the inventors on the nmechani smof how a water hanmer
passaae is syreleand abrupilyiapenestin@astate efhwater bapnneriessness.
i nvention for opening the valve. Fromthe results of
the afore-nentioned tests, the inventors of the
present invention have |earned howto prevent the
Messsito Acltievethd Objowat er hammer effect by making the
stopping position of the valve body at a first step

[06QITE I\vaﬁtdﬁs %fstﬂé%rfe’séﬁt frivie@fon iR Ehecalvdd of iow itd sdpen a

opened. 10] The present invention has been created
va*f\f’eS Bﬂ P Hm.}lthgtéi)T e?h(gf? nih' @@I%H a fv%f\‘/@ of ffe %%eﬂ&ckmg the
I nvent as c undanent al |

constltu t h
PaRRERR 'Ba??é%]}-’: méoﬁédtg sthe%ﬁb%% Y HeeE c%%i}'% the full
perating ty aIv rovi ded, on t he d ssa "
OW%QOS@% & a6 Ao BOYed it ing position
assage flrst the val ve body is noved 0 % ?
rieesharblapse of ienesal Atthgrame ymey & w@a@ﬁ% ytical tests were
decrea3|ng to the prescribed set value the
comductednimnthiedneentars on tiye meshanison ohleowi e wates haminer egaurs by
driving input to the actuator is held at the

eraployingntastrethed of ehe paésent irorendioslfor opgrting fiee valveof From the
time, and then, the driving input is further increased

reSiitd ftheesfofdmdrliofed tbstsy tHevidvintods of #ieepmfsehtiidvention have
openi ng, thus the fluid passage is opened w t hout

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

6Y)



causing a water hammer. [0011] The present invention
as clainmed in aim?2 according to CCaimlis nmade so
that the valve is a nornmally closed and pneumatic
pressure operating type diaphragm valve, or a
normal Iy cl osed and pneunmatic pressure operating type
di aphragm val ve which is of the fixed capacity type
with the inner capacity of the valve not changing

he val ve is Q96
pqrw@eqfﬂ.%% i Behy W%oﬂeff@%‘?’m%%ﬁébs?r B cpd e to place
made so that the tinpe for ng the drivin .
the ﬁ/@u‘{e iro & ptaten of ddll PeRing: HEU%ébae 3%8@6\5%96 is oReped without
period of time is nade to be less than 1 second, and
causingod wadenrhammes  val ue of the fluid passage is nade
to be within 10% of the pressure value before the
[00H]veThes presknttiovemten ap0ddigjedrire Ghaios @nacdardimgt toofllaim 1 is
claimed in aim4 is fundanentally constituted so
madé@isoahdethec galloris watiermaiignaiesed aad queninmaticopresstifeuoderating
passage conprises a val ve body, an actuator to drive

tyéﬁe 4 r§mPesive, 8r ¥idrAHdIIQ TISGRRPaRd pritR-R IR Nrefstsm%dob@ratmg

pe passage on the upstream si de of the valve
vBE Rt AR St b TSR et

the actua perating
ofﬁpéggty qié;%apgw%%nﬂbe Yﬁ¥eé§:?ﬂéﬁa§?8l s control |l ed by
a, con nal Sc.stored jn a.d tor
[Og?j:c’/]antée pJﬁ e 'Ea%m%@ﬁo%a@&ff‘ﬂfb%'@'&l c@c‘r‘:‘:gﬁw@pghdla'm 1is
npari son conmputation circuit to ch
medglsgtth@tﬁhgéqurﬁ'@l@ngﬁm dpying inpytitadhe actuator at the set value
afore-nentioned vibration sensor, a step pressure
fosatshorgesiografitinms ist made to bapess thant bsemtgandahe resgsure rise
step pressure holding tinme setting signal Ts, and a

vahee of thel flie papsage Is mite 1o beavithin 10°& e teepressuiengalue before
signal Prmare inputted, and wth which the

théfv@h&nﬁﬁﬁéd@(@gpyh bration detecting signal Pr and the
perm ssib

[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 controlled 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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upper limt vibration pressure setting signal Prmare
conpared, and the afore-nentioned step pressure
setting signal is adjusted, thus outputting the
control signal Sc consisting of the afore-nentioned
hol ding tinme setting signal Ts and adjusted step
pressure setting signal Ps to the data storage part of
the afore-nentioned el ectro-pneumati c conversion

o8l e DA, i g ) ¥R e o, anc

constituted so that the.copputatiaon contr, devi ce .

wiEibhpidr e Hogt mehipaed HitE8t8L BlaRa il P A1 iR hrgissiole
time setting circuit, a permssible upper limt

unpshr iiMitoMibratins SueEsWer SPHING:iSIgNAlt PR @roreameared, and the
pressure detecting circuit and a conparison _

aforermentioned step quessurgnsetting esignaleisyadjiugtade rihus tadputting the
signal Pr exceeds the permssible upper limt

contiot aighahSpresasistieg éthe afpreingertion@drhaldimgdinae eetting signal Ts
after the actuator operating signal is step-changed,

arid@dristsy Rists préssusstdettig SighalPs B the dath ustiede part of the
toward the rising direction, and when the vibration

afﬁﬁé-ﬁfetﬂtia o iefito-phEurRYS € 888verBR nR&rtic} Aebice. upper

Imt vibration pressure setting signal Prm
, di : : : . o _
(0 TRE T8 Tu¥sdht, Bltebfith 2 HarRa I Ta) 20aBESDIY f CRaim 4 is
r ure, Lh te ressure i,ng si , IS
odifiEed ot il 156 R BRI RoRibl uEfeS ooy Bisiep pressure
present inventjon.as clagimed in Claimp cording to. .
seliag firaui.o8 TOIIGY 1R satied it anoenbies B PRaghdrytcvibration
conversi on device conprises a data storage part that
preseuressatiing it Vibrgiien Prssure deterdinggiisyitanca comparison
control device, a signal conversion part and an
carhputation mireuitniand, edrereths gibration detéciingc signabPr exceeds the
operating pressure control signal Se is outputted from
pdriviissiblenabperolinie ndbratiopresgure dettindnaignal Prm immediately after
el ectro-pneumati ¢ conversion part based on the control

théi)zﬂ:?ﬁétoﬁ@pe%tﬂfgegiﬁnbﬂist §re ptiangeto Hi etepp ptessirardutingesignal
at no water hammer is caused.

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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[0016] The present invention as clainmed in daim7is
fundanentally constituted so that a device for water
hanmer| ess opening of a fluid passage conprises an
actuator operating type valve installed on the fluid
passage, an el ectro-pneumatic conversion device to
supply a 2-step actuator operating pressure Pa to the
actuator operating type valve, a vibration sensor

o BB RGBS A8, B30 o

val ve, and tunj box to I brati

in tha data %’f@faéieg%{? fbng%e%q &.‘gt PHthSaBSBh?Wé“‘%A 'BFQPF%‘?]
sensor_is inputted, and from which the control

[0&6]i s The reseat tiBvenione] as t¢ainsk UraGlaim ofvisr §%€?\amenta"y
device to control the step operating pressure Ps' of

conbtitutdd se-thah ai device forswaterdrameneniess ppeaingngf a fluid passage
pressure Pa, and to output the 2-step actuator

comrfrrs@tsi a1y aptesor bpefaingf typbevalve instalpet ahithg fuie gassage, an
Ps', which nekes the vibration detecting signal Pr

elélﬁﬂf bieurhgfie ccfr{\lé'?%lbhed@ln@éttroosﬁbﬁlynat Qﬂ‘stéﬁné((ﬁwto@noperatmg
eV| ce by adjusting said control signal Sc. [0017]

Qrﬁéf(ghé B¥RAEO &%él%tugé "I‘ydb’@gal've Qﬁkr'é‘tlﬁn's%ner removably

amen constitute hat

eni.n
f'xsérxgﬁﬁ .pgp%gsﬂ%%ﬁao% PRSI Ese Pt TS arerbthEhigtivg actuator
act yat or erati e valve i.n aII d on the
ovﬁa%mggwpea e o g mxoret%wﬁﬁ VoD i8clind sgnal Pr
putted to the tuning box, and then the contr b
de§¢<§ﬁa|thswm i1 Mbéat'qmﬁﬁﬂ@mb&('”ipé'tt?ﬂpaf‘f’ efaomoWhﬁ the control
el ectro-pneunati c conversion device, thus the 2-step
sigret &t isroutpetted tmy@e@@y@rm@m@m@m\te@aomﬂam to control the
el ectro-pneumati ¢ conversi on device by the

sty @perainy presstire A rofl thei afosd-nBmtiosed upptapedctuatarheperating
actuator so that the actuator operating type valve is

pré&slfe M, ARl duthiiethd-B5@p adistorbpertingfregswedPa of the step
actuator operating pressure Pa supplied to the
operatild} 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 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, 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
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and the vibration detecting signal Pr are conpared for
the relative relation of the two, and if vibration is
generated at the tinme when the first step actuator
operating pressure Pa rises, the step operating
pressure Ps' is lowered, and if vibration is
generated at the tine when the second step actuator
operating pressure Pa rises, the step operating

o980 2o G gL EDeudP AP, B, D5 e 2t

OREFaGR, AP 4Bt PO BT OPAGUAS TG BiTe: ba AUPRLR Jéﬁ%sn@gtuator
of raising or lowering the afore-nentioned step

anshideatibragiop detediing sigral Roaretrcampareddppthe rfeéaﬂweor@é&tlon of the

actuator operating type valve is opened based on data
twop arite ifc vibratidn $$ gyerler&edwatrihe Hime- whep theefiesti stgp actuator
pressure Pa of the step operating pressure Ps' is

opdithing besbsUF® P Ases|tR6tstep pperathig pressorePs! sriowered, and if
devi ce to nake generation of vibration nearly zero.

wtﬁr@ﬂéﬁ] is ?"éhéfb%%eﬁi th@EAE | WRemhe! sddd bt Cb@ﬂu@t& bperatlng
f undanen constituted so that, using the nmet hod

prggéurgpﬁg' AS%ed fHel 'rks p??éé?ﬁ\g ?l‘jeé%’ﬁ?&rpé" is Vi 2 o?r‘fH the step

Sensor I's rerovab € upstream si

oot sbrOE%%%P%e%‘é‘%&%‘f’nérbi%#ar?""%?b e i st

utted t he tuP box, and then, the co
defeiiing B et & [hg'S rmn%pmtr@ae?ﬁnqh% plurality of
eI ectro- pneurratl c conversion device, Thus, the 2-step
adjustinents ob prisiagi aidoyeeng dhe aﬁPreg'@ﬁ@F'@@% Stﬁp ppRrating pressure
el ectro-pneunmati c conversion device by the
Psifsor thatrtire afovednentinnesl asiugtoal osrating fnspvalue is epened based
actuator so that the actuator operating type valve is
omdd®a oo thpeontral sigpalSestvemerother aistem opeeatihg presaust Bp of the
actuator operating pressure Pa supplied to the

stag opet@ting2présklfe Pyl iBraltpotied foat thenglestronsiedtiatiy €onversion
conpared for the relative relation of the two, and if

déé)é%g@%Rg@%n@ﬁ’t%ﬁﬁﬂb@hohh‘%a?ly%rd\ﬁ‘e” the first step
[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 electro-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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pressure Pa drops, then the step operating pressure
Ps' is raised, and if vibration is generated at the
ti me when the second step actuator operating pressure
Pa drops, then the step operating pressure Ps' is

| onered, and the step operating pressure Ps' of the
step operating pressure Pa is determ ned to nake the
vibration detecting signal Pr nearly zero by repeating

.a plurality of ust ment s

viafodglectit Hanst i 5E¢ ERMbpard oS ARl &MRLoN g Two, and

_that the afore-nentioned, act uat or ti e, val ve

if vibratigie e ganesaigdoat dae e W en bRt fiest 4P n%&Be@rmatmg
the 2-step operatin pressure Pa of the step

pregssirat Pagdispss shee the' siep opemlingegressoiete is raised, and if
el ectro-pneumati ¢ conversion device to nmake the

vilgatien as i genevhted bt dhe dimeeenéry the eseonf0SteP] adtator operating
present invention as clainmed in Claim10 according to

préE3RUrBFh @fops ARINThE stép Bperting prosdurtis’ W lonaré®and the step
sensor and tuni ng box can be renoved after data on

op%?%tti@Blte'rs%hreS PENGH theSste@bpERfting! pﬁ%sé’ureqﬂé Rl &iensird®eto make

operating pressure Pa W th which generation of

i r t

d, meglo%“ g e B fed oY Cé Bgrs. i, BBy o

esent i nvention

adiiIERH T ' CAENG] BT sOUENnG: 8f g POTHEn iy e e raperating
Vi bratlop sensor is provided at, a position on

pregsirecRm sPdthak the Jiar sdnﬁm'w‘%ﬂn 18I AReraiing Bwefh valve is
actuator operating type valve is installed. [0021]

opEnedpbaseshton datshonotheasootral gigmal Sacvdian e Zcstepdepryating
to daim8 or Caim9 is nade so that the step

pressurat iRay qfr elelszez;us’(ﬂepha::lpaiﬂra]tg'mg|nmessumc Rdieis2- Qutpptted from the
operating pressure Pa is set at |less than 1 second.

elé&2Bhedmatiprconesisiorndevice a0 make trad gederatiof! afivibrafion siearly

made so that,
zero.
[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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enpl oying the method with which a fluid is supplied to

the fluid passage on the downstream side by opening

the fluid passage by neans of the actuator operating

type valve installed on the fluid passage and having a

nearly constant internal pressure therein, a chem ca

solution is used for fluid, and first, the valve body

is nmoved toward the direction of valve opening by

ncreasin decr easi t he afore menti oned drivin

oqeﬁ%td}g pr@ng(_@ B@t‘%ﬁ?to?t Iggs thad } 58eend ped set val ue, agd

the actuator driving input is held at th
[0822]r e Thentresai wentien (rs rapimeds H@r@'a"ﬁeﬂ?oéﬁ dpage pgo that,

and second, the driving input is further increased or
enigloyieadtbe rethodeuith whichy alfluéd imsuppitest to the fluid passage on the

openi ng so that a water hamrer does not occur at the
downstreladne sidé Visy icpepirendbe Wl02BdssEye byerwansi of dhei actuator

as clainmed in Caim14 according to Cdaim13 is nade
op%‘?at‘iﬂ&‘iypbh%l&é m%téllé@i & tHefl @il pifs*sé%é@mdﬁ%ng a rigarlyeconstant

at the set value is nmade to | ess than 1

m%g@@ esﬁlﬂg tﬁ&% rPraeélﬁéfh%aT ﬁ&ﬁtl&g g?ég driiRid, dhdirst, the valve

e Wt e pressure

bq@b%ﬁe%ﬂogv@%&?n%ﬁﬁ%gﬂm%ﬂ%iv”@ﬁe? B s rasn
o 455 RS RT So FFRed o,

within 300-1000m sec.) w thout causing a, water inma\
the cackiuater drMingainpat i he at Gy plarermentionath et Wﬁh{e ar@ short
the case where fluid pressure is constant, the driving
pefriodcaf tinoe,tanel seaeanat the Hevinglinputtis furtherdncreased or deptaased to
the valve body to the prescribed position and to halt
make ¢hd valva irs astatepsfrfulh dpehingi stethat aemater namraer doed odiyoccur
is noved to the full opening position, thus naking the

at3Bé tMﬁJﬂh@\faWe Isf‘tﬁ)e(nbli) af ore-nentioned driving force a
value in the appropriate range. [0025] The water
[0028TTEThE HPe SRR M EhtRPVAS BlaiAEE Oh €156h 4 AR rdihgI8 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 fluid 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

(11)



invention, is constituted so that water hanmerl| ess

val ve opening is achieved by a vibration sensor 18
that is renovably fixed to the pipe passage L1,
wherein the vibration detecting signal Pr is detected
by the vibration sensor 18 and is fed back to the
conputation control device 16, and the actuator
operating pressure applied to the actuator 11 of the

val ve hod is control]ed through th [ ation of
afferﬁém@|nﬁe'a¥%3iax'@9rrafqeaafahk? paRS REBeR S AR e 57 s
a result, t hout tqere bei n a, stroke positi
[08R%le ctlingg waler FETmSTars cRPesTa rds\ies y 8ok g 1, they present
wi thout a pressure detector |eft attached to the pip
inyentiongés canstifistedrso thahiaterdiamessiess yalenoprniag is av@sved by
and once the optimum conditions on water hamrerl ess
a vibtationogesond 8(thhbis removiably fb@udiot the mipe passegeciontwhdrein the
of the actuator operating pressure Pa) for the

vilsraib e (dedEctiigd sighab PRaS detedted A8t taTvibestion 8&@sor 18 and is fed
vi bration sensor 18 and conputation control device 16

bdcktoRe c?@tﬁgtlér? coH?élt déViey 1638n9‘%hé'%1%ﬂ.1§t@|‘ oféfa@ihg pressure

pi pe pas thus making it extremely advant ageous

a;ﬁ’gao@ ?ﬁé'é[etuét%?zﬂ d?ulrh'éh%l@r Bodgnﬂ? roérﬂg@h%g;"‘g{raugh the

hanmer| ess openi ng devicC

T e PR S Bt G 557 oo

on the pipe passage under an actu eratjn
withtiithersrbeinga st G\R.ﬂsxﬁé"b cHieg 3@\/@&@%@"@%59 Bpihevalye body
for opening/closing by ppl yi ng the prescribed 2-step

1Garusttieutop eregsurg ctﬁt@@tgurl@ft pitached fe the ipg paszage bn, water
the val ve body 10 fromthe el ectro-pneumatic

haromedess apeming can2ite sschidvad, sand opcé rthen aptinmgmogondiions on
step operating pressure Ps'of the afore-nentioned

wates thepnmadéssivalveoppenring Nthairies the eomditioss det thentoretb! of the
t hrough the actual operation of the valve body 10,

B0l gt o sasore ) o ARG PSS T dferrinc.
thEUWEiSh Yand6Y h8&arid cofputatiotSédritrol 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 valve body 10 is actually 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

(12)



it is possible to abruptly open the val ve body 10 both
reliably and pronptly and w thout causing a water
hammer on the fluid passage by using the actuator
operating pressure Pa of the el ectro-pneumatic
conversion device 20. [0027] In addition, selection
and setting (tuning) of the afore-nentioned 2-step

act uat or operating pressure Pa can be easily perfornmed

v BS80S v SEARIR) Aot P SR s o
R 5D U T S A B e o

ressure vibration at the tine the val ve bod 10
it lscnassible to ebneptiv epen the valve hodyntO bath vzﬁélablyp@nct@mpﬂy and

to a lower value, thus nmaking it possible to
without reeusing dewateri meemimer aoty dine dluith pessage thy ogingnthe actuator
value of the afore-nmentioned actuator operating

o &Gfd presBare\Phlti tihe afctiospheumatid esiversiohReviie20.

passage. (0028] Furthermore, by utilizing a personal

[Oégﬂf’l ng (zdlflén IR RH ﬁi@g@gpgqm@ﬁ@ ofStRbafbicdmertEned 2-step

tuning) of t mentioned 2-step

a ress
achiat %@ﬁﬁé E*%ggrésféo”%ﬁaﬁ% RaSHY, TR (R actual
enln Y factured at |
B Bt v sl b P Ba8inis,  AIEh f?iiéb'gﬁdcﬁﬁ actuator
di agram of th tsti, devi ce used f det ect
ORSERUNG BFRSSUER P RIS HifABPIQRT A S19H GPErahgsg Bsstie P, to
Figure 2 is an explanatory drawing to |IIustrate an
the|a@tuat@r Phéberamplitudenl/iespuie eration aldee tims thenalve body 10
testing device, wherein (a) is a basic block diagram
is actudlly) opened firctbie fitsttimencarribgusupBessed tgalower value, thus
illustrating the relationship between an i nput signal

makingiitpogsibleltd ageurdielpnddtermine irpadvanoesshiates Bae bptiUonvalue
G of the el ectro-pneumatic

of the afore-mentioned actuator operating pressure Pa without adversely
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 explanatory drawing to illustrate an electro-pneumatic

conversion device used for the testing device, wherein (a) is a basic block
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conversion device 5. Figure 4 is a graph illustrating

mul ti-step opening in which the internal pressure Pi

of the pipe passage 1 is nade constant, and to

illustrate the state of wvibration changes in the pipe
passage Li on the upstream side of the valve in the

case where the supply pressure Pa to the actuator is
changed, wherein (a) shows the case where Pa is

.opened directly from Ckagf/cm Gto 5kgf/cm G and
d'?@’)a”%t‘?é\fjs{b;?ﬁ%a@%cé( NS, | s changed from Okgf/cm G

to 3.1 kgf/cm G and then to 5. Ckgf/¢ G Figure 5 .

is aFieWEm I9® @m%ﬁﬁuwamvt%ée'%ﬁ?@h@be%%3Pénwt signal |
of the pipe passage changes at nulti-step type )
(inpoié NOWROE gfaaami 8P @lipuigngssin Pagkdfiem ne) ogﬁ@eelam-@neumatlc
tank pressure (the internal pressure Pi of the pipe
copassgellevisertade to change, wherein (a) shows the

case where the internal pressure Pi of the tank =

0. 24Ffgre £is @byraph iustrbfy Anati-6t8p Bperfing. i Mhich the internal
respectively. Figure 6 is an enlarged view of Figure

prrééfv)reﬁi SHAhE pipéd §a§3é1_{@pli§ hadesddnatdriand & illustrate thﬁestate of

ationship between the internal pressure PT of t

. . [ i =) .
k30 P BE T T oBRSIEL 58 Y 31 A B 106r 8 Ve i the
closin wher ei a)..sho et :
ook, Pt U SLBRPbRssPAE o, 1 e Gualipderdied. wherein ()
0. 196 MPaG and . 0.294 G  respectiyvely. Figure 8
SNOERC RSP AITRTBA (5ORANGY Gactl fiol Dhgfems G fo Skgfert - 6, and
rel ati onship between the actuator operating pressure
(bpahawa thecase miese Pacisahenagd fias Skgbem nCrpgut kaffcray G and
7. Figure 9 is a whol e block diagramof a first
thentho §iOkgficnof G.he wat er hanmer| ess openi ng device for
the fluid passage according to the present
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 P1 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
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invention. Figure 10 is an explanatory draw ng
illustrating the control of the actuator operating
pressure Pa (Figure 1 OGa) and one exanple of the
occurrence of vibration (FigurelOb) using the water
hamrer | ess openi ng device of Figure 9. Figure 11 is a
whol e system di agram of the water hamrerl ess opening
device with respect to a second enbodi nent accordi ng
to the present invention. Figure 12 is an overview of
'a PC screen display of a tuning box. Figure 13 is a
schemati ¢ bl ock di agram of an el ectro-pneumatic
conver Eiasie @eigi @ whots §lack diagraim of @ iyt efodirgent of the water
auto-tuning operations. Figure 15 is an expl anatory
hainmetlags fapening: device: famthe fluisk passage aecotingi tagthe present
pressure Pa and the vibration that occurred in
invafitiont uni ng operations. Figure 16 is a graph
illustrating the relationship between the step
pressuFgyure! i ng dri BRplantoryh@raliny i iMgstRitRYS tHee cBatroh of the
steps and the pressure rising value AR Figure 17 is a

ac@%aétb?ﬁb??a@igg%'éédréqjé libﬁﬂa 1(?@ daﬁﬁ@né!"@?éﬁp‘é‘@f tﬁg occurrence

m ca ["'ut 1 on supply net cording tot

of gébgéﬁgﬁ (%iéﬁ%ﬁtggﬂgjrsi@tﬂg%étgp hé&rﬁeﬁééﬁ%ﬁé&nﬂ@ﬁ??iﬁg of Figure 9.

essl sem conduct or

[0030] Fe ol Lihaf WRBESyReh JL0RR O 1R pldp filheriess

7

passaae_on t he upstream si de of valve Pi |nterna

opgnings dewcewith frepechin 3a3rcopd eppadimantascprding do the present
pressure

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.
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Pao Air supplying pressure OG Val ve stroke S Valve
openi ng/ cl osi ng command signal 1 Water tank 2 Source
for pressurizing a water tank 3 Pressure sensor 4
Val ve 4a Actuator 5 El ectro-pneumati c conversion
device 6 Valve driving gas source 7 Signal generator
8 Storage oscilloscope 10 Valve body 11 Actuator 16
Comput ation control device 17 El ectro-pneunatic
S| 18 Vi bration sensor 19
1efaca(ls z R conver si on devi ce (16)
T Qpening tine detectin% signal Pi Pressure detecting
[0Q3QhalP T PM IRt palfyesswe sy aswates tanki ng val ue setting
signal Pr_Vibration detecting signal Prm Perm ssible
upper Lii niRipeinasaage anpghe sipgireareside of asviajvel

Li

P1  Internal pressure of a pipe passage

Pa  Actuator operating pressure

Pao Air supplying pressure

AG Valve stroke

S Valve opening/closing command signal

1 Water tank

2 Source for pressurizing a water tank
3 Pressure sensor
4 Valve

4a Actuator

5 Electro-pneumatic conversion device
6 Valve driving gas source

7 Signal generator

8 Storage oscilloscope

10 Valve 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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Ps Step pressure setting signal Ts Step pressure

hol ding tine setting signal (Qpening tine setting
signal) Sc Control signal Se Actuator operating
pressure control signal So NO NC swi tching signal for
a valve t Step pressure holding tine Ps' Step
operating pressure Ao Fluid supply system Bo Single
waf er processing cleaner WWfer A- B- C- D

Chem cal sqluti.ons to be mxed Practice of the

I nvenfriaon MTQ%H’%?%@P%%S|WLSH gate how a water
hamer_is caused in the liquid supply system of

sem c&iduct Bressifr AtacHPI S ui pnent ; the inventors
of the present invention have observed pressure
chang®Mi n Pesmissible pressurg sisinagealue setting signdl when
the flow passage is switched fromfull closing to full
openi Ry by Vébrptioyideteciingrsigmedt i ¢ pressure operating
di aphragm Figure 1 is a circuit 4 diagramof the

t est i mnfevPegmiesI®MpPel imit Witgatdropeessard settiag signal
investigation. Referring to Figure 1, 1 designates a

wat er Hsank, gtdnintedsii8 Weltthd Signalr essuri zing the water
tank, 3 is a pressure sensor, 4 is a valve, 5 is an

el ect -pne%g%;' [ OF | 8- Ls a valve
drivi ﬁg gas s uPﬁe&sg@@@@'&%&%ggg?gr and 8 is
a storage os (i)l I Qascope. . ,

f pening 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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[0032] The afore-nentioned water tank 1, having a
capacity of 30 liters, is a hernetically seal ed
structure and stores about 25 liters of the fluid
(water of 25C) therein. Also, the water tank 1 is
pressurized by N2 fromthe pressurizing source 2, and
the pressurization can be adjusted as desired wthin
the range of 100-300KPaG [0033] The afore-nentioned

BB 1 S T SARPBY B Ty U BREGHBHY geton

sensitivity. Adiffuysion sem conductor type pressure . .
RalBrig 0 Eldli oy caesiandite & BRI g ot 18 Sq G084 MesSurizing
di aphragm type pneumatic valve is used for the _
thefwater tanie i%t‘-ﬁe@l pregssure sensghdt pacvalye Rl ivap eleefepneumatic

are as follows: fluid inlet pressure 0.1 MPa, fluid
comvetsidn deeise 6 és 8. valeadrifingigastsoues,at isr siphal gemratgreand 8
CV value 0.27, operating air pressure 3-0.6Ma,

is aEsterdgel ssollfoscopell d-contacting parts (PTFE for the
val ve body and PTFE for the diaphragn), and the inside

[0OBATEYRE MbrelientiBRSS det fark™M hPARG 4 capadity. of BE liters, is a
valve 4 is a pneunatically operating diaphragmvalve

héﬁ@%ﬁiﬁah’%ﬁéle@?gtﬁ%&t%@ aﬂ%éemtésy éﬁbﬁ‘ts of it l%eoﬁmat gld Bwater of

ragm i aphragm val ve body rests

he val S I f ot ioe. ' -
296 rFeih” o At g R Bl mrS Bty eyl i afdSurzing
t he vyal v Is maintajned in a ¢losed state. Wyile.the
souice: ARG Ak PEossBral e cay heraduaial 3s S8hiresh Within ths Tnge of
neumati c pressure, the result is the diaphragm val ve
ORAGhg (18) away from the val ve seat and
mai ntaining a state in which the valve is kept open.
[0033)or Thagfgre-mentipeed Piessuse ragnser &l isseapabje ef detecting water
pneunmatically operating type diaphragmvalve, it is
pressurer @d thé apstvpamagide of phe wabiel 4 witre bighr serisitivitypp A diffusion
to the actuator 4a. According to the present
sanMiEBRALIABF tyble [ressuréi ddmeut issenplagetiinthe testing device.

normal | y-cl osed type pneumatically operating di aphragm
[0¥8k) eACaBpRRagm type pneumatic valve 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 valve 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

(18)



repl aced by a normal | y-open type pneunatically
operating di aphragmvalve. In such a case, the
normal | y-open type valve is maintained in a state of
being closed by raising the operating pneumatic
pressure supplied to the actuator 4a. [0035] The

af ore-nenti oned el ectro-pneunati c conversion device 5
is used to supply driving pressure (pneumatic

r r t .i r;
BIFERH g el %@3?&&@%‘?\%&“@ Celi iy bl s alyBinkpptopen
4a for the vav art of .the test
Adgetginglyy 10, eert e remliieRsd R ALraATealY, eisrating type
which is constituted as shown in Figure 2, is
diaphyreyevalve it isaieaul g dhat Wﬁ“'ﬁ%@nepi’ﬂ@d? %@Wﬁ be supplied to
inputted to the control circuit A2, an air sup ﬁ
thelastuatondgnefceording t@ethnzor@p@mtsms@nttcrrmlt gogsawithott saying that
supply pressure C2 is supplied to the actuator 4a of
a tiemallyvadosedastype poépuiatipalds apezatitzg t dinphiggn healser can be
supply electromagnetic val ve B2. The out put pressure

reB’@cbé byesl nbﬁfﬁgllﬁ-@péﬁWﬁeoﬁﬁémhatl@allzwdratﬁ?g Hizphradmivadve. In

medi atiron of tHhe pressure sensor t hus an operation

subffa GREM é'n%'? ShERChBE VHIVé lis IrhSintiihed ik & state of being
g tp he %gt

pressure reac { put pressure

r ry
c'%eétﬁzPa%‘i“ﬁ*%é@eb#ﬁ@ﬁ%%&%@ selis SR %eﬁatéﬂe%%mwf 4.
an e r _source
ool aTheeegRant oy es e R et R0 %%V&%P ip Used to
The output s that is, an input si ‘[1%

SupR ARG sesE8 PR uiaiopEr 458 soUeEPAsHITde thjaRut signa
vol tage as described later. (19) [0036] Figure 3 is a

fordiseeting thel degreaof Nglvermo&mm@ttpdh@ micuaier 4o &or theevalve 4. As
value of the input signal | (input voltage V) of the

paaf ofr teertestingpdedce bé Eigure dnthenelectro-preuveatisi canveesior desice 5,
and the output pressure Pa. Figure 3 shows that the

whigh Y& corstitstededgishdwa irs Fijuee & i eimplayeeni hy pattiouldriwhen the

i nput voltage is 5V (operating air pressure P =
inpiAPSiIgMAINEIS ahyuteddtd &8 coftrel circuit A2, an air 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 |. 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 I. The output

signal J (that is, an input signal ) is inputted to the storage oscilloscope 8 as the

input voltage as described later.
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[0037] A conpressor is enployed for the

af ore-nenti oned val ve operating air source 6 to
supply gas with the prescribed pressure. And, the

af ore-nmentioned signal generator 7 generates the

i nput signal 1, and the like, to the

el ectro-pneumati ¢ conversion device 5, and the |iKke,
so that the desired voltage output is outputted to

8, 5 RS FRAFILER ABiRab g, e o

Pi. (vol t age i pe assage on t .
thegobueaiond alf?rmuémﬁtﬁeepvﬁ@g she a?@??sewnﬁonaﬂﬁ@wéo -pneumatic
i nput  si gnal él nput voI t age to
copivetsion dpviea Paand theopuiprt PiassHEs, Pae Elwe3$hqwﬁ thad theyvalve
the afore-nmenti oned storage oscilloscope 8 in order to
4 bheldvie asthterafcfol opeming Wwiegethe impuheolpags i316% @perating air
the pi pe passage Li, the changes in the input signal
préssurdtP walpprgdmérely Bkdf/time | Gke. The storage
oscilloscope 8, which has its tinme-axis graduated in

[088gm A%ﬂpreb%ﬁu@%rﬁl%l%@ed ot e BRFELABNEENES falve [diﬁe?gﬁng air

Ref'erring to Figure the internal pressure PT o

soﬁ%él\éﬁﬂbp%d \Qﬁll\ the Fes%rl 88 rbd&ie P ﬁﬁﬁ“ﬂ\% é’ﬁ)re mentioned

90 t he gera pressure
AP O AT g o o
oA RFuE S ot in i e S o

approxi mately 1. and the flow rate Q of water

OLEB'fbtr l@x@‘r’ﬁﬁﬂ@ﬁ? tg, tlmg ¢leclsp-Prgumatici ‘@RﬂV@rﬁOQ HIRMCe: ﬁa@@é@e input
in the supply air pressure Pa to the actuator 4a of

signed |vaFugharmaoe, ithe phessune sletedting2egignalr RsyoltageiV)oin the pipe
the pi pe passage Li on the upstream si de observed by

pdssage diooaghe agustidaos Gigee froAs tlhe pressuref senmsoFi Juare the input
4(a), changes in vibration output, wth the anplitude

s@ﬁalampihgtst %It@d;é’ VRId THE diddtro\pReanidlievwsomtsiohh@evice 5 are
valve 4 was fully opened through the process of 0

inpltted Yo HLaRMe-RerdtHdPstordad bstilldscopeesd &tbrder 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 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 - 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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[00391 On the other hand, in the case where supply
pressure Pa is nade to change as 0-->0.29--40.490
(Figure 4(b)), nearly no changes in the vibration of
the pi pe passage were observed, thus resulting in that
the water hamrer is perfectly prevented. [0040] In
particular, it is apparent that if the interna
pressure Pi of the pipe passage Li is kept constant,

then ( fl.uid passage can,be opegned, wth

pr%sa%gﬁnéz 8* aﬁ? eﬁ"pﬁaﬂ%ﬁa,gei ﬁ1 Qpothe gagﬁﬁ%@oﬁﬂﬁeB%‘%ﬂed by the
openi ng_the valve instantanegusly froma state,of .

stergoe asclopeRPe-o As aeparant fraayFigure AHapehangss inyibratipg gutput,
maki ng the valve nove to a state of full opening after

with thiecamplitudeeof aipproximatelsimiaximun A8Viwaese shawirewvhen the valve
cannot be prevented if the afore-nentioned initial

4 Wwak tfullyoopénéd throligh ltise pedoasshafdy (fullyhalosed)—0MO0Ba e (fully
of valve opening, is either greater or smaller than a

opepeal.fic value. [0041] Figure 5(a), (b), (c) show
pressure changes in the pi pe passage on the upstream

og3sc G hooelVird, KR Lo bhofoBugpsesg Parainace

- n e p i
ChARgS B0 cRirgye DO FiaBleTgBY. By fip SreRgeBTA YR Bbrdin
valve 4 full in 100m sec., [ 0042]..Fiqure i S an .
of 4 Minnesrade wiete DSENERS thi feithr, ALl Bhé Wetlr hammer is
becones apparent that vibration of the pipe passage Li
pestectly@rexsittedam si de  can be made nearly zero by fully
opening the valve 4 with a 2-step operation to raise
[004] pineparticelapaitds arparert: inat dfr thenintereabpressuse P1of the pipe
0-->0.294-0.490Wa - Gin about 1000m sec. [0043] _
passgge &.17¢ kgpt ¢dnstarftc therh (1) theefluie Ipassags lcap bsbepenadi without
between the step pressure Ps and the vibration
calkisRRS & vdtér thaenmeneindabsay &00~1000th&eapby remening the valve
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), (c) 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—0.49MPa - 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 L1on the upstream side
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side in the cases where the internal pressure of the
tank is nmade to be 0.098, 0.196 and 0.294MPa - G
respectively. Thus, it becones apparent that there
exi sts a step pressure Ps that mnimzes vibration
pressure for each case. In these cases, holding tine
of the step pressure is 1000m sec. [0044] Figure 8 is
an explanatory drawi ng of the supply pressure Pa to

Bt Bty 7l & B bnd VR 1B 3%59%@“’” ©
ra@@eﬁérgé?%%eﬁgéf e wytisiorie e SickPrdord et GASaMPE - G i

Wat er Hanmer| ess Qpeni ng Devi ce] [0045] Figure 9
abaqutd90Pat 8ec-t he basic bl ock configuration of the first
enbodi nent of a water hammerl ess openi ng device for
[0048] f Figude Y4akdbg (@3 shodi the talatidreshipobservedi betweeinotihe step
The device is mainly used when it is found difficult

preSsiiieUP$ and theeslsiation geessurerin tiselpipeapasSsagenL i dve e ppstream
passage Li on the upstream side that has been al ready

i@ fhé @dsedWHePe TRE Mtephal @Jré@s&brd?k{ﬁqum@‘fé ﬁ’fac(eato be 0.098,
p05|t|on detector) on the valve body 10. [0046]

0. %55 ee{r{q 6929t4§/"5é 9\ ere%g@f?ﬁl/e'f gufrﬁjdsl%bé@&n@@tq‘?fparent that there

ess vice y assenb
at.or I u
e’ﬂ%ﬁ sletoHresoiee B et Pdmides yBRandhl Bl 1 g3ty] Gase. 1n
device 1 I hat kes contr ol bl e over the
th§§%63§ﬁfﬁﬁﬁ&ﬁgtﬁ?395 e&ﬁ?ﬂé¥%§$ﬁ$é§gii“@ Bressure Pa,
and the pressure holding tine Ts after having
(0841 ¢ Figurarf s EReeXaIARaton Grawiag; ofthessuiaRly Mesgure Pa to the
renmovably fixed to the pipe passage Li on the
acipator darin $heltest of theaafordrehewndigurens asd shys the refatiomship of

val ve body 10, which nake water hanmmerl| ess opening

pasiicning of thae steyeprevsdre Por and bred irstfsteydl (bgint A) and the second
appropriately selecting step switching of the actuator

step¢paint BY. pressure Pa

[The First Embodiment of a Water Hammerless Opening Device]

[0045] Figure 9 illustrates the basic block configuration of the first embodiment
of a water hammerless 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-pneumatic conversion control device 17, a computation control device 16
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(switching fromO to the step pressure Ps in

Figurel Q(a)) applied to the actuator 11 of the valve
body 10 and also the holding tine Ts of the step
pressure Ps. [0047] More specifically, with respect
to Figure 9 and Figure 10, 16 designates the
conputation control device, 17 is the

el ectro-pneumati c conversion control device, 18 is a

vi bration sensor..6 1S val YR S :
thtigRo8 potrel iyt oF e 1€ 51, SRR Oz Buor SBerating
pressure Pao (approxinptely 0.6MPa in this .
PressERi AN MRS AP GGG T 288 NayDB eanswitched and
converted to the step operating pressure Pa as shown
the fikesi gAnviratian sepsemits is wprevabhnixemhia e pipawassagm L1 on the
control device 17, and then is applied to the actuator
upbireafr08itig] sd Hbatatiteu abnditiope rditdpening ef dhe evalke bpgy i 4 which
to the actuator 11, and its holding tinme Is, are

makaW=pkt Bdpieddss opatingl paisibla) akc sét and tstered beforehand by
conputation control device 16 determ ned beforehand

apg)\‘o MfeRPSERENNY st swHehiR) Bf ARENddtdatoplogdrativgIpressure Pa

ody was conducted for each pipe passage Li on the

(s?&'@?ﬁéh& QEH%TZ %6 th8fsté£5ré’£lu\‘§ Pfgh;%@@@gg a 2?§?ﬁéc§’?djthe actuator

VI brati sensor I on
c rol ,device, 16 gre r ved. fr ' j
18 e SanGRabE i Pof e BB Efing B0 0 UM RePIiRE et
of _the afore-pentioned control_ signal b | oyi n
[094d OMQr%ﬁpﬁaﬂ@%Q o Wi rreéa%ﬂitﬁgF'QW@g@am?ﬁ%y&fﬁ.ﬁ designates
[0049] The afore-nentioned conputation control devjce
the eompuatiemsentral deviee, DB)s the elasdrochneumatic cgaversion control
the step pressure setting signal Ps, a setting circuit
deviggh 1Bois a ttwatior senser, folsda rwglve gevisgtgasngowrcgnal isa valve
a setting circuit 16¢c for the permssible upper limt

bodytarat 1Dis g7 acsteatee. sTheidniging greasurerPao GapprpxmzslyfgeMPa in
vi bration pressure detecting circuit 16d, a conparison

thizO8RBbalrhémt) Fidre Uhe Vdiee drivity HBe ddukee idRenveheditbthe step
detecting signal Pr, by which changes in the internal

opﬁr&ﬁ#ﬁg%ﬁw{éﬁﬁ%@?g@%wﬁhﬁ\ VEiGLRIMI0PE) DH5NHY i8ctfé-phBBmatic
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 controlled 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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val ve body 10 are considered, the step pressure
setting signal Ps, the step pressure holding tine
setting signal Ps, and the perm ssible upper limt
vibration pressure setting signal Prmare inputted,
respectively, to the conputation control device 16.
[ 0050] The vibration detection signal Pr and the
perm ssible upper limt vibration pressure setting

sl e B8 v DR RA £ R S P o
nESelsa B U st SRR SH 5ol SRR R or o

includes the corrected step pressure setting signal Ps
peamissittie uppsirdini viliration gressiyessejtiag signal Hyen.cafipe|passage
signal Sc is outputted to the data storing part 17a
vitohtioh @ressece rdetectingneiréuit ¢6dyarcoinyparisont carhpdiation ecirtcit 16e,
[ 0051] Also, the afore-nentioned el ectro-pneumatic

artQRE8kE! OTherafbn detddting slgndl Preay iwriechandesindag anternal
storage part 17a, a signal conversion part 17b (a

. | art .
pr%%sg.tﬁ@ Bﬁgﬁ?ggﬂdgﬁw fhe vﬂfiaﬁéﬁ%bh@opﬁQLﬁfalh!ectlrﬁ@rbf%ﬁélgﬁg of the

ectro-pneumati ¢ conversion device )

d { : r e '

vaBE 8HE ] 57 eRPSicBiod oie) sRREPRssNRe SRHEREULRalTs, dhe step
in st . as. _sho i n Figyre , (A

prepuia g o e e stkral 4L A& bermssinie LRBE it yioration
conversion part 17b that is inputted to the ,

presseseltiigsigaal R arg inpyled, EspRCpY. tﬁ?fE?’ cppputation control
switching signal So corresponding to the valve

deyfeenithg/ cl osi ng command signal S and the operating
situation (NO or NC) of the valve body 10 is inputted

[0080]t h@hel eiltratiorp etestidre sigmalePsiand dbat permigeible: aupper limit
[0052] Referring to Figure 9, firstly a vibration

viratienr pidssuse f settiflgt signae Pirpe arpassmpered\eat ,theheomparison
appropriate step pressure setting signal Ps, step

coOPRRRELGE cik@litdineg. tiVWhenek! iferéh@nak foundmétween them, as
perm ssi bl e upper limt vibration pressure

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 17¢c (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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setting signal Prm are inputted to the conputation
control device 16, and the valve body sw tching
signal So of the el ectro-pneunmatic conversion contro
device 17 and the actuator operating fluid supply
pressure Pao are appropriately set. [0053] Then, by

i nputting the val ve opening/cl osi ng command si gnal S,
the actuator operating pressure Pa, for exanple, |ike

a formsho |nF a) supplied to the

cofue b ALt 136« i SEnBsapiors! SeihgERnfe 1 the vaive
actuator operating pressure Pa is raised fro

OpBNING eSing CoMBang Gidhel ScARELeaPaT ARG SRUAOTDRY of BIGKof the
opened up to its md-position, and the val ve body 10

valve bodyt he is inpatted o thmelecvpmneugnmmnms'amo@atr@rdewce 17.
operating pressure Ps is nade to be Pamax at tinme t2

[006@n, Réfartitgeto Fidnares@t fitstly B nipratiore sbasorell &ps died to the pipe
[0054] Meantine, if the internal pressure Pi of the

palREBGe. paﬁéi‘g %hébﬁﬁi“@mﬁaﬁté stéb présdutd %eﬂm@%lgﬁmqﬂs adtep pressure
wat er hanmer e changes are detected by th

hoE,dIr H?grré? {r‘rﬁg%fgn]aff 'I%ndar{ohngeﬁh*%_%ﬁﬂé p@?tli@rﬂf 'vﬂﬁaﬁcbrg fessure

to t he’ utation control device

sektﬂbq‘1 gll‘an‘éf PRI akd ‘?rﬁ#dsigéb‘n b gx}n‘blflta:tn%n LoGrol HRVREE @g and the

and “per e uppe t vibration
ressure sett.i n d d
vee” BadcoFLting raidestogepC U UPBFEPNBTBic; peerBn' tontrol
vibration is within tol erance at osi t ' ,
devioe ThHand the aﬂL@F%Ft‘?RﬁFa'@&Q:QE'S@L{Pl& Bie@:selréi e aﬁg ﬁlorarfe%{'ate'y
position A2 (time t2), the step pressure setting

sedignal Ps is corrected to raise the actuator
operating pressure a little so that the corrected

[0853p Phersshy enmating rthe svajvalopenjngicidsingr carapwndi gignal S, the
holding time setting signal Ts, are outputted as the

actatbF 8pegitingareSsurer RA) foh@xamm&{tlﬂtbl ®forooshowh indigure 10(a),
16 to the electro-pneumatic conversion control device

is \]7%;1 pﬁé@ (t)% Sﬁ% fagﬁ?.—:ﬁgfggac%f;ﬂp@r \éagggtbz)dﬁ/o’f 0.0PRBWNWHMEthe 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 t2 when, further, the set holding time has elapsed.

[0054] Meantime, if the internal pressure P1of 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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[ 0055] Conversely, when it is found that vibration
occurring at a position Al (tinme ti) exceeds the
perm ssible upper limt vibration pressure setting
signal Prm the setting signal Ps is corrected to

| oner the afore-nentioned step pressure setting
signal Ps a little, and outputted as the contro
signal Sc fromthe conputation control devicel 16 to

ol B A R s OB AL ef, Bt P
oS o R o gL Sesb3 e B M comect

par agraphs [0046] and [0049], the internedi ate
steip ereasurg spitiegsignal b, @nﬁ@ogrte@pongmss’mﬁl@gém pelyng signal Ts,
signal Ps) for the actuator 11, required for water

arbautputtassas tupeontng signallc fometheasosapietation squtrppaevice 16 to
with a vibration sensor 18, is selected for the

thé pslectro-predireficptarsausion hadrdioh devicee 13 etandnthes sgmel ogerating
(the valve opening tine Ts). The sel ected control

te§t'59‘6|abp§ﬁng hibje VRIvebddeararhbraated Fegoqteg@ssure  setting
signal Ps and holding setting time Ts will not cause a

[OﬁﬁéthBﬁUQi%E!beherﬂt%eﬂuha thaﬁvﬁ)"f‘él‘i"oﬁb%@ﬂﬁ P& b dosition A

[ ect pneumati c COI’]VGI‘SI on contr ol deVI ce

s
<tmsen F bl Rhg%éiﬁﬁ%siﬁg s T h 35‘?%9%% %é}geé signal
he stored. cont naI 057 accor dance

Pf\m’t tttéﬂgoééﬁf}?én Sii 9 Fi . i‘ﬁ’&% ﬁ‘—‘?gQTPEe g 8”ed step
(26) F ure 10, the present invention is so nmade

presedrealting: $igppkiPa e littie, pnekayfpettedgsite 66!\*{@'0?'9% Sqqfrqm the
steps. However, it goes w thout sayi ng that the

canptatiom sontalddviced todhe ¢lectraprewpetio conversignscatieh device
necessary. Normally, the step holding tinme setting

1%iamhtheTsame spdrating iests for Spenmngcthedvalve bmdyol @@es repeated
wi t hout saying that the shorter the tinme Ts becones,

thehaftepre difficult it becones to find the conditions
for water hammerl ess openi ng.

[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 L1equipped with a vibration sensor 18, is selected
for the specified step pressure holding time setting signal Ts (the valve opening
time Ts). The selected control signal Sc, by which the optimum step pressure
setting signal 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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[ The Second Enbodi nent of a Water Hammrerl ess Opening
Device] (0058] Figure 11 illustrates the second
enbodi ment of the nethod of opening a fluid passage,
and the water hanmer| ess openi ng device for which the
method is used, according to the present invention.
In Figure 11, Li designates a pipe passage, 10 is a
val ve body, 11 is an air actuator, 18 is a vibration
hox

A andicetel A S8 A aagppsang e
PSRRI B Tl VA e RR B s e

in Figure 9. [0059] The afore-nentioned tuning box 19
cans beoswisghtachiry BngtepReoradt sapewhesp SeaessRyY pr BIosmaly, Hae step
in 2 steps supplied to the air actuator 11 using the
holdingaime setfiagesigriaiJs s getibetMeend).5vi dedomy. tlhalso goes without
vi bration sensor 18 nounted on the wupstream side of

sdyirey thzk viee BiasWerliBeaiide Whibelontes| thauiriors déficudt it eedbmek to find

signal. The tuning box is for detectlng t he

th@%‘rﬁﬁ&%ﬂ%%%a&rmehéé@ﬁbeﬁlh@m the feedback signal
Pr for outputting the control signal Sc, for

the actuator operating pressure, to the
el ectro-pneumati ¢ conversi on device 20. Specifically,

escri
MBS g BPet Bl P Wadh s O ulfia Pifuel
sure P d,the step operat srehld
oB5EE” Flalre s Eﬁﬁ@tr@mﬁw %qq‘r’@ rebadié ?t!zﬁmsﬂzcbdopopen|nga
Thus, the control nal Sc nmay be out putted to
fluidl pessagranghine watss BeHRSE OPrBIgdRVieR| thwmcmthe method
make the actuator operating pressure Pa output from
istusede becondingptretheapieseobimventionn Indeiguce 12011 desigrates a pipe
actuator 11. [0060] The tuning box 19 is equipped with
passagkeet0 @y a valveddodypi1 fsnah alriactudtbe 18dsatvilmatisngeakolSd9 is a
corresponding to the type of operation (N.O or NC)
tudfnd M@xabhd 20 tivaamrelddtrépnblmatial ¥envrsiynlBevice. The basic
configuration as a water hammerless opening device is almost the same as that
of the first embodiment shown in Figure 9.
[0059] 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 {,
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[0061] Figure 12 shows one exanple of the PC screen
display that forns a nmjor part of the tuning box.
The screen display is constituted so that a state of
openi ng/ cl osi ng of the val ve body 10, the actuator
operating pressure Pa to the air actuator 11,

ci rcunstances of the vibration of the pipe passage L1,
the step operating pressure Ps' and pipe vibration

oo BRGS0, BrgL B8 may be

operation type, of the valve bod 0,. a other .
oufhrlschia Mo HEE RN HTERN G pEEVERIAN, BoUeP edth WM ke the
si gnal converter and el ectro-pneunati c converter are _
actuaiol pearating peassUre £aapueinet fEMe jtha grlectro-pneumatic conversion

el ectro-pneumati ¢ conversion device 20. As shown in
deviap2@tdthe adteatorddt r o- pneumati ¢ conversi on device 20
conprises an air inlet electromagnetic valve B2, an
[0@60] OTihé &liniag i Oy Bquipped akitte aFselectpr swdtoh dor switshing the
E, a control circuit A2, and others. Basically, the
opfaf LigHEPSE @BrieSpahdmgito th ypepdEoEsTatibR$R.ONeMN.C ) of the air
¢ Fi gurlgs 2(a) andp(b) . §[ 0063?’/ In pa‘??i cul zr, an ai rI)1

a%ﬁéfl‘i?femeg@g{,etb%p 1@ 6MPa is supplied to the air

romagnetic val ve B2, and an air pressure of
0. 5MPa | 5,0 t e ugo
(01, aF B, D2r it oFF SR e BCborpentisn 38 et Jyms @
of the electro-pneu I c_conversion device 20 i
mEQLPRRES s fie BOZ pohe SeER Siopiayys ERtsfiedsahat a state of
i nput/output interface Ao, and others. The outside
opeming/clesingef thevabver hedy AB. the aefuaigsaperating prassure Pa to the
connectors Ac and Ad. A power supply source (DC24 or
airlasuatarn 1o minslimgtancesi ofcthei \dbration qfitbetripe paspage o1, the step
non-vol tage input) and a pressure nonitor (0-5DCV -

operafiig Kres3urer Pst amde piped vitwatidre aduesscther coAditionhisetting for
the tuning box 19 is connected to the connector Ac.

aut€G4dihg Fingueshdltibrs SR g tfhremafinb Popeniag icwsird, ake eberation type
auto-tuning in the second enbodinment. Figure 15 shows
of thE vaReadd(e1 6, &l bthBE HidrmRaioMeesh bERisHa R O 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 A1,
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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

osition _on the  upstream.side w.thin t !
théjr%'fjﬁe'n\‘?HV%tpHBdBts ,Cegb‘o’p?@fie?tbﬁrsy ?R%o%¢?|%%Wgyﬂoutput
- 100-1000mMm away to the upstream side ang a tunin
intBEfRCE Ao ifneOUIRREE MABLIVE-GIEGRIATS AC fsi rpod\é%risé'@%b/osoume
are set, respectively. Next, the valve is heldin a |
(DE24t @r $2VY, |8 operipgielpsing sighalil (voltageoigyt o5 nep-\vaitageyinput)
the input (step Si) of the auto-tuning start signal,
andrglptdsenrd meniot (50 C'B p 0~28 1P g3 earewcannelted t© the connector
applied in 2 steps for conducting control (step S3).

AdwHlespeitheitlgIbaixerg istdomneetidliontietdomdettorfAd he step
operating pressure Ps' has been set between 0.5-1

[0@@4‘1- mﬁiggﬁ:ﬁhﬂ%w@ R 18fePBRAHI AR JFRRItEIBRngas IR Becond

n the valve body 10 is opened, are detected
. = e i i '

erff Pt ISEEH, 1 36, ol Bl ccnator

i s made to see whet.hervjbrat,i S I
ongalfityesruatPe Bt I ns A AR 1438 P8 LRElBheg B vipation

i sfound (29)_ that vibratioons are caused at the point ,
AsA R s QL Fider W) the 2oHER ARIATRL OPSEUA PresRBagBshown in

operating pressure Pa is reduced (step S7), while when
Figurei £5,fi9appliechas the petuatarenaraiirg RfessgiRis@d at t he

point Bv, the afore-nentioned step operating pressure
[0685] | Refemiisgtb Figure 198 )and[ZXOSTGwWIT lire Figitre dtlo they gibratiamgensor

pressure Pa having the optinum step operating
180IsLhised at Bspresetibdd Wusitionnof thepirtd passagec bugadhosition on the

eventual |y obtained by repeating the control of
upRBeBhNSidel withm 8belite 1080rhe idtn \tiaé wWaiNeo Bigd 01 O rer prefiérably a
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 S2) 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 Se). When it is found
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over 2 or 3 to 15 times). Then the valve body 10 is
made to open by inputting the control signal Sc
obt ai ned t hrough auto-tuning of the el ectro-pneumatic
conversion device 20 to output the actuator operating
pressure Pa in 2 steps, which conpletely prevents the
vi brations. [0068] The shorter is set the step
operating pressure hol ding tine t of the 2-step

thuse 'Bbﬁ@p%%bﬁ%%aﬁﬁfﬁsﬁéhf K g A8k RBcdting S1EsplFe lof the

when usin pneumat | cal | ti act uat or
acl Qi SpPAING HTRSRUTEHRS 13 FRAUCIRS Sfans 7 RAHE igen, By found that
From Figure 14 and Figure 15, an illustration is
theivksations arecacsed atHbepainthBynthe gforeirpertipnegystep operating
pneumatical |l y operating di aphragm val ve i s enpl oyed,
preselire iRs’ isataised (step Be).val ve body 10 is closed and then
made to open by supplying the actuator operating

[006AS ST aBRuatdiogdrating ipressueé P having tis@pptigiuni stepaoperating
wat er hammrerl ess opening can al so be achi eved by

préSRIray Py \ﬁltﬁ‘%ﬁ‘%' Mo QﬁSFét’pr% cQO@éﬂmts' %@éhwally obtained by
oper ati ng di aphragm valve so that reducing the

re@@%tﬂﬂzgt ﬂ’{e &"b'f Bgeni?\ eﬁfitﬁé%f@;% mgnﬁ?ﬁécfﬂ?ﬁlv@'fb%'@ﬁ/ {dhormally

I'S ca be no
ust of t.he .
ovBt A SR 5B dRiedng 5‘*9%5%&%@@“%2’*%02%& Qa8 Pl fiputting
case of whe fore- nt| or ma 30 | osed .
the et Al S Po1aBiser TPHER chatpriEGe Ot e 3;'%&[%-88%8“0
That is, when vibrations are caused at the tine
conmersien davise e auitny theeasiuater pRETating BERSSHES .F’.@ 'l“h% steps,
first step, the step operating pressure Pa' is then
which sethpletkly prevehisitheivibirationsis are caused at the tine

when the actuator operating pressure Pa in the second

[0668IP The rshdueeds detethet stepsopgratipg raessyephelgig énfeat of the
is lowered. [0069] Figure 16 illustrates the

2- §t%|patéé;t[]§ﬁirp dpRiragey phesstirep Faneraiplied 4tr epeurtime of the
holding time t and the pressure rising val ue
aféte- m%%%ﬁ’é@)au’(&lﬁlhlﬁ@e(he 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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pneumati c pressure operating valve (19.05m) is

enpl oyed, with which inner capacity remains unchanged
at the tinme when the valve is opened or closed, and 3
pi pe passages with a liquid Iine of 0.098MPa, 0.198MPa
and 0.294MPa are opened with an operating pressure Pa
havi ng the actuator operating pressure Pa of
OWPaG - - ~0. 294MPaG - +0. 490MPaG in 2 steps. It has been

d 1 ned h | f , ' :
cigraciig bhsnuhatoalboalido EamBALA keffels BRT That fs, when
Viafians Greearaed atiiha s vt dies acfiRor,pERYG presurgePa i

goes up. [0070] Upon conpletion of the afqgre-nmentioned

reduces inuthe§rstvgtem theestepranasating ipgesgured)a’\ifiteen saisgds while
wat er hammer| ess openi ng of the pipe passage Li (that

whien vibrationsraresiaused @b thd timeomteruthe agiuaies operatingppressure Pa
operating pressure in 2 steps which allows for water

in ltsersecdres steprie nedged, tiserdittecstap operatingepredature BE' is hewered.
af ore-nmentioned control signal Sc (that is, the

[00FS) atHigGreP 1SS Jistaldd tRE erelaticiyip thatdebn tHee step operating
el ectro-pneunmati c conversion device 20 that stores the

prgI Jte ﬁ@laﬁ{ga{iﬁley t f@?ﬁu&e Eg@ﬁstu‘l‘é‘ir\%gg%ldeg @Pﬂwpgél)ravyhen the

ration sensor are onger ecessary an

RSB e L PR 0B B85 I Bl ISy e

A N R
el ectro- pneunati c_conversion devjce 2 o _t he
3 pipeupasnages With enliaud lipe ¢fddP98MIAR, LIgsMPaRNd R29tlfRa are

on the afore-mentioned control signal previously
opbriedr witheh operating rressuneunia mavin o peinator m@pﬁ@g prgssure
t he enbodi rent shown in Figure 11, when the actuator
P® pé OMP#G—£0.294MPa (322 0(490MBaEpindd steps. ndt pbag beenaldtermined
and the holding tine t thereof) is determ ned upon
thePithet step serbitiey Préssurd Maldingp@hatti knmadatte ba mbe than 1
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 hammerless 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
separately. 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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operating pressure Pa are transmtted to the

el ectro-pneumati ¢ conversion device 20; thus, the

vi bration sensor 18 and the tuning box 19 are

conpletely renoved thereafter fromthe system

However, it goes w thout saying that the tuning box

19 may be downsi zed so that it can be integrated with

the electro-pneunatic conversion device 20. [0073]
2-5@%%@&#01‘ N rﬁﬁlﬁ%eﬁ?et‘%haﬂ'{sa'pé | sd ?fﬁé rhHit Wéc(}’ Fhﬁammerless

em cal Sol utiorls accor

t he resent i nvention i lied to.a sin

0 tev%%qfﬁr tha BidfBinriives %C%%#é‘éﬁé@%?%‘? 20 t0 the
manuf actur| ng faci Accordjng to, Fi gur

acialpgA4aidhe valve @p%%%by ypRloyig the data %i?\?eaf%‘-’dﬁ@i‘t'oned
installed in the fluid supply system Ao, Bo is a

cagitnod ignahpraviqustedetermined Baough aule-tupinga pi pe
passage, Wis a wafer, Ais a mxed chem cal solution

[0082)onWitdrespett - therembadierent shbendorfdguiter tt,ivemerothe actuator
ozone 2-3ppm, Bis a mxed chem cal solution of

oﬂérdﬁrﬁﬁ pressuge 3 (thehstdp agenatiey préssere Wl madptheeholdingrtime t
(mxing ratio 0.03:1:2), Cis a mxed chemn cal

théfédﬁ |'S%t8fm|ﬁmﬂioﬁrﬁc§?ﬁﬂéﬁéh 6Pthé“¥l9’tbotﬂﬁﬁ‘1g c&?ér@tid)lﬁ’ &ata on the

tra-pure water mX|ng ratio )

ot e, B e P P R convrsor
oSN e o SR Thel e N o a%“wm%letew

constltute t firstly, t evalve of th
rempved th qwmﬂ@e §YPERN JHOWR VeIt AO%sH hﬂ@t W%@#t the
nmedi ati on of the actuator (not |Ilustrated)

tugingepodedPedayarke riovnsizask spaithal its cAg| aeamtwrait%d avith the
the given degree of valve opening for a short period
eleétro-pmeumeatid congearsidrededce@0. s noved to the position
of full opening so the valve body 10 is fully opened.
[0DP8T 4Figline 1G0inH sysiémodiagraim distratingthawnthe metiibcs appupplying

system Ao are exactly the sanme as those in the
cf?{ﬁ%&!’@ol@lf ior®f 6@raingvo thé gresent inventibh és Sppliedicdalsingle 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 (ozonized
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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Therefore, further explanation of these alternate
enbodi nents is omtted. The cleaning process of a
wafer Wis that, first, cleaning is perfornmed using
the m xed chemical solution A and next, the m xed
chem cal solution Bis supplied, and then the m xed
chem cal solutions C and D are supplied in turn as the
valve body 10 is switched through nediation of the

ol T s SR A o

ressure rjse valyue in the curr
i e dasting obiighe et iraldR Taemation o ihe motder (not
of the pressure value before the valve is opened. |n
illustipded byu@ givenslagser and ingxtheualye i Bptd aﬁtlhlsnattw@ given
af ore-nentioned 10%limt, sone adjustnents are nade
defgnee phealvei apaning fora shewIpeeot wftines zdnst thameiei valealis moved
actuator and also for the corresponding holding tine.

to The ppsition wf full dpeninglsoehe vaivecbqrlypt0 fedipopehedcan be
kept within 10%of the steady state val ue by

[0OPANt PhE bﬁﬁsﬁthﬁo@hﬁa%&lénfdff’tﬁe Valdusupply 6psteRi Rare exactly the
passage L1 within 10% Furthernore, wt respect to

sani aggfhggé 'Wrt‘ﬁt? @y&t%ﬁ%ﬁja%k?@‘éﬁownngh?fé}t IFUrkSo or Fl%ure 1.

provi only upper limt o ssure ri
val .
b i eSS R S LR oy T
ei.n ened) oes w t hout
IGIRAPTORERS Pher waTala) & (aets TIRY. Gistani™ .'mer%mef’hlésmg the
pressure rise value for the glpe sage LI a
mbeRCTeMiBRl 9luiiPn AeaBd IS 1B o ahertalcalition Hes sHeplied,
A, B, Cand D (or at the tinme of the valve being
and theadhe niixet chemicalisolifions G andiyare supplied iggurmeasdhe valve
for closing so that the afore-nmentioned pressure rise
body! 1@is switehed thwdughnmebiatisatof thalbotiatéreasi bi l ity of
I ndustrial Use [0076] The present invention is
[06PF] | ARkhe tiRd tiee IchehficsiUgdlltiors Pe<B.f Or am@tl®rare supplied, it is
desirable that the pressure rise 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
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steam and the like, used in industries, but is also
applicable to supply pipes for household water/hot
wat er. The present invention is also applicable to
supply pipes for fluids (gases and |iquids) used in
sem conduct or manufacturing plants, chemcal plants,
and the like. The present invention is particularly
suited for application to chanbers, wafer cleaning

o5 5D RSB 5 S i RS AR 1 o e
i aPSIEE A B e REEA ST Gt

which the fluid passage is nmade open by neans of
timg el itheoalvpbeingioesad)peEaah wélvgmnyd&lrbﬂguw [ |I%<i>@erated for
passage having the nearly constant pressure inside
cladireg sopthap diss afere-mientionedrosswe risedyalue istkerd withiartbe set
the direction of the val ve opening by the
vallfer e- nenti oned driving input to the actuator being
i ncreased or reduced to the prescribed set val ue, and
the driving input to the actuator is held at the
af ore-mentioned set value for a short period of tine,

Fe%%&iﬁtggﬁincﬁﬁtﬁam_éré” ng input is further increased or
alve in a state of full opening,
00§ prestrf BRTARACH' SufRADRERILONILE AR pipes;fog water,

fluid SsS e as cl al d in wher
StoRBeanB RS RmasRs PyngHeEs. bikiS s ag0! %&&%wév pipes for
operatlng t ype di aphr.agm val ve, or a nornall %
hoaisghpldewaier twéerat i e Prapsst mvwﬁpagm @%plm th gupply
of the flxed capacity type with the inner capacity of
pipemefor dluids (gaseb@ndgiaslidslgisedvinaeminendugtoemagufacturing plants,
operated, is enployed for a valve. 3. A nethod for
cheatieal plantserdres theofikai Theopreseht inventiassiageartisulariyi suied for
in
application to chambers, wafer cleaning devices or various types of etching

devices used for semiconductor manufacturing.

(34)



Caim1l wherein it is so nade that the tinme for the
driving input to the actuator being held at the set
value for a short period of tine is made to be | ess
than 1 (35) second, and the pressure rise value of the
fluid passage is nade to be within 10% of the pressure
val ue before the valve is nade to open. 4. A device
for water hammerl ess opening of a fluid passage
characterized by that it is so constituted that it
conprised a val ve body, an actuator to drive the
al ve body,. a vibration sensor renovably fixed to the
VVB?b@‘ﬁﬂgg%b@:on the upstream side of the valve, an
el ectro-pneumati ¢ conversion control device to which
t he val ve openi ng/cl osi ng comand signal is inputted
and with which the actuator operating pressure Pa
1.i npuitradthod fohwaterthammerless openingldf adluiy passageccharaoterized
signal Sc stored in the data storage part in advance,
byetiat, awitio i iristhod byoginith the dlaid passage ispaddeviopenay means of
conparison conputation circuit to which the vibration
arf8§&taaidr dpepatiHtply pBivalveoprovitR ied P iR A Hae886e Wabihgtthéhearly
sensor, the step pressure setting signal Ps to be
[ : Sk f (s ¥
coﬂé@t gi%é&eﬁﬁ@dé‘?lﬁé‘%p%r pa: (i%?e, FifeR the GaREBody 18IV toward

I ng signa he perm ssi bl e upper

[imt.vib L.on [ Sj :
the dReeriéh Braha e, SRS bRdhe AP EAbaRE SGi: innug o the
etecting signal Pr and t erm ssi.ble u rlim o
acalphPREl ipresgrorseturen o Beestiined sPEvabpaibine driving
~and the afore-nmentioned step pressure setting signal
input tadhe ectuator isneld at mqurﬁ;m%loe@ﬁtsebvalyed%a Sg@” period of
consi sting of the afore-nentioned holding tine
tis@t anchghem,gerid driving inpadjisi Suhersineregsedsei reducedt toi mgke the
signal Ps to the data storage part of the
vaifen ireargtatei ofnfied] opelndg, rthug tiee ftatd passagecissomenacbwitholt water
device. 5. A device for water hanmmerl ess opening of a
hdrhtefl passage as clainmed in CQaim4 wherein it is so
constituted that a conputation control device
conpri ses

2. A method for water hammerless 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
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(36) a step pressure setting circuit, a holding tine
setting circuit, a permssible upper |imt vibration
pressure setting circuit, a vibration pressure
detecting circuit and a conparison conputation
circuit; and when the vibration detecting signal Pr
exceeds the perm ssible upper limt vibration pressure
setting signal Prn1 i medi ately after the actuator

eratin is.ste he step. pressur e
seBe; AR a0 rlpepue st ALE FARB 0 FasRed? i RS Be witin
direction, and when the vibratjon detecting signal Pr
1%&@@8&%DE@$§“E§&Y%‘P§Q%@@ tDEpY@n‘Vq 'ﬁrﬂ‘?g%/ fhpPRen gn k
pressure setting signal Prminmrediately after the
actuator operating pressure is made to zero fromthe
internmedi ate step operating pressure, the step
4.pr esAudevicesfatrtivatgr bagmadridds operany of adhlid passape tlaracterized
|l owering direction. 6. A device for water hanmerl| ess

byopanit i s@topstitlitddthaek Teatrieded aalvedody, atasiuatet to drive the
wherein it is so constituted that an el ectro-pneumatic

vahRYeHS! anviBetidre seﬁé’(WpF Lp6vatily dpled & IE8IHpesdssubCon the

stores’the control signal Sc fromthe conputation

up%%'éfr?lsd%egf frie vé\vé' Qﬂaéle&P&)?ﬁéﬁh%ﬂc%Ve@gn %Bntrol device to

ro-pneunat i conve actuato

whi Eﬁ&ﬁ% :x{g P@%ﬁ#@gp&g{ié@h o n&{;raaﬁtlﬁénptﬁyetdogﬁé %\ﬁth which the
el ectro-pneumati c co ersion part  based

ackeAtoF GIPesAiNEhPregsure: Ba dpyited He s actdataira aecqu"eﬂnbv the
advance with which no water hanmmer is caused. 7.

congrpl signpbBc\ersd 'ﬁdhﬂéiﬁt%§§3r§9@m%ﬁb'noﬂdV@nPPu?Gd @a@@ﬁeetatlon
wherein it is so constituted that it conprises an

camtriol ateviceo pquippedgwiti p2 cpmparisons campatation cineuit to wwhich the
passage, an el ectro-pneunmati c conversion device to

vilsragiph Wetdeting- sigesal Praftdmatheraforeementioge vissatiore s@asdrpthe step
the actuator operating type valve, a vibration (37)

préSEFar sétﬁﬁQVéI&hé{I Pbxtgdbé GUppfied tBetHeA86R@ErOhé Reep pressure
upstream si de of
holding time setting S|gna| 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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af ore-nmenti oned actuator operating type valve, and a
tuning box to which the vibration detecting signal Pr
detected through the vibration sensor is inputted and
fromwhich the control signal Sc to control the step
operating pressure Ps' of the afore-nentioned 2-step
actuator operating pressure Pa is outputted to the

el ectro-pneumati ¢ conversion device, to output the

%@t o8t REE' R FRSLRRR Gl piieivie upper

i ng sign
irf WBatsEpiEsats solnh Sar Ul o VBEioniTRys B eteet fgycigend 2
control signal Sc. 8. A nethod for water hannerless
caprarisey 6pMpUtatiand ciiedibaged cnbercther vipeationygetagding signal Pr
with the nethod for opening a fluid passage for which
exzeedbr thitei engdssile uppen dmilv aibration xeressure: Isettings tsignah Prm
side of the actuator operating type valve installed
intedibtely | aftet fras sageatoanshdrbting | signali é step-ebtianggd, the step
signal Pr is inputted to the tuning box, and then,

prbB@ur@%étﬁ% sijran@s iSadjunsd &ds\ﬁatwmen@s.hgwe@non patid @then the
to the electro-pneumatic conversion device, thus the

wgra%ﬁpdéfétcﬂﬁ oélgﬁﬁﬁrﬁt bREedy RS Ui §sn9%n@fpﬁb?qmuﬁ vibration

he el ectro- nmatic conversion device
t. I
o A SR PR e b i s
mgag ?gtq%en rbhi@qﬁpﬁe%&? aPeggt%ﬁt@cganpg%g l%&eﬁ?ﬂtgg,a@%ﬁ%%gﬁporessure
and the vibration detecting signal are conpared for

sattirg signat P és pdiugtadoiovarg the lawrting,@irecdtied- i f vi brati on

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

6.at t Wedevicerforwnater hammedessioperipg af auflid paspaganis aigimed in
pressure Pa rises, the step (38) operating pressure

ClRim 4 whesdin @tds sarsbristivuted et epeslatiropneuataticravrversioh device

the step operating pressure Pa to nake said vibration
cHRpesdd BIdat0RfMrabe PR icE &dt8rdsSthe 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 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 wherein 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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determined by repeating a plurality of adjustnents of

raising or lowering the afore-nentioned step

operating pressure Ps' so that the afore-nentioned

actuator operating type valve is nade open based on

data on the control signal Sc when the 2-step

operating pressure Pa of the step operating pressure

Ps', to nmake generation of vibration nearly zero, is

out put t ed omth | ectro-pneunat i nvergsj .
sefigof demoyably’ feddn sk RS SEaRePr 8 UBETeAD sie,of the

fluid passage characterjzed by that, with th t hod
afprgrmeplioned A6tatol APRELBRGPRONaVG: i 2 WisibpE {0 Which the
_sensor is renpvably fixed on the upstream side of the
vibretiomtdsteesingr signat Prydsdectgn\broyghsthe vikdation spesen (s iputted

passage, and the vibration detecting signal Pr is
andrfparntvettich the coretralsignal Sode,contrd] theesteptoperating preissure Ps’ of

signal Sc fromthe tuning box is inputted to the

the | f6le- PreRliSHE® D step CABIGAID @ efatifid predshirs Pahis @utputtpd to the
actuator operating pressure Pr generated in the

eI@#tF&bﬁQﬂtﬂ%ﬁH%v%rsqgﬁ“%ﬁé NodsUipte thY 2-8@&p actuator operating
atore-nmentioned control signal SC is supplied to the
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0 open I n tron, the tep actuator
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rel ative rel atjgnshi of the two, and if vibration is
a%@ﬂa’i%caf‘t@'@g@grﬁc-Men 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

8.pr esédumethied fdr water hamemetleps openiagiaig flyid psssage eharacterized
| onered, and the step operating pressure Ps' of the

by2that, eqitH $2) metreydafor ngepingss fluiel passage fomwhichaa dibration sensor
vi bration detecting signal Pr nearly zero, is

is FefrRVEbIEXdY ohethealipstebain Mide Jfithe adtuadr Wperating tye valve
raising or lowering the afore-nentioned step
inSBRE@bhHe PURPSASRGBS and né Nibrafidle dafcRtiRy SrgHdI P#e8linputted 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 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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actuator operating type valve is nmade to open based on
data on the control signal Sc when the 2-step
operating pressure Pa of the step operating pressure
Ps', to make generation of said vibration nearly zero,
is outputted fromthe electro-pneumatic conversion
device. 10. A nethod for water hammerl| ess openi ng of a
fluid passage as clained in Caim8 or Claim?9
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11. A nethod for water hamrerl ess opening of a fluid

afgresmagtioned cstep meperatingCpeesauBe oPs'Csai thal thieerafpre-mentioned
is so made that the vibration sensor is provided at

actitopopeitating tope vakvelipshadaopen dasedtdn dataGiiDthe omtrol signal
the place where the actuator operating type valve is

Sd Wﬁéﬁ'tl‘\@@ stéaopérétmdﬂmesere M@Wh@mdmﬁn psisige Ps, to

luid passage as claimed in Caim8 or aim9
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the 2-step operating pressure Pa Is

) I e (40) 13. A nethod for
eléﬁ&pﬁb?ﬂﬁggcgﬂg%%g% @%ﬂg%l on wherein it is so nmade
that with which a fluid is supplied to the fluid
passage on the downstream side by opening the fluid

passage by neans of the actuator operatin e val ve
9.i nst élm@’@ogrfofWétﬁfrlhﬁ"&mSEl%%@EeWHQ|°2§6‘L5“q1g§$¥£93 characterized

constant internal pressure therein, a chem cal
bystbatitwitimthesmethad fos openingua ﬂwdamsageé@n whichravipsatian sensor

body is noved toward the direction of val ve opening
is ngmonvablyafitety oarthéespsiceam gsidé of dherastuatot iopeeating type valve

driving input to the actuator to the prescribed set
installete onand flultepastiadet ahd dhé vibigtion 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 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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input is held at the afore-nmentioned set value for a
short period of tinme, and then, said driving input is
further increased or decreased to nmake a valve be in a
state of full opening so that a water hanmer does not
occur at the tinme the valve is opened. 14. A nethod
for supplying a chemcal solution as clainmed in claim
13 wherein the tinme for holding the actuator driving
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dqt;gﬁ'ﬂlfglealet(pjyb?%S;%&%éf@ﬁ?%&mft h:j{l]?t&%)é)tso foftrra]uesingfJ ro?ﬁgv%ﬁng the
afore-mentioned step operating pressure Ps’ so that the afore-mentioned
actuator operating type valve is made to open based on data on the control
signal Sc when the 2-step operating pressure Pa of the step operating pressure
Ps’, to make generation of said vibration nearly zero, is outputted from the

electro-pneumatic conversion device.

10. 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 vibration sensor and tuning box
can be removed after the 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.

11. 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 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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13. A method for supplying a chemical solution wherein it is so made that
with which a fluid is supplied to the fluid passage on the downstream side by
opening the fluid passage by means of the actuator operating type valve
installed on the fluid passage having a nearly constant internal pressure therein,
a chemical solution is used for a fluid, and firstly, the vaive body is moved toward
the direction of valve opening by increasing or decreasing the afore-mentioned
driving input to the actuator to the prescribed set value, and the actuator driving
input is held at the afore-mentioned set value for a short period of time, and then,
said driving input is further increased or decreased to make a valve be in a state
of full opening so 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 at 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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