Met hod for O osing Fluid Passage, and Water Hammerl| ess
Val ve Device and Water Hammerl ess C osing Device Used

in the Method Field of the Invention [0001] The

present invention is concerned with inprovenents in a

wat er hammer prevention systemin which the water

hamer effect is conpletely prevented when urgently

or pronptly closing a fluid passage. The present

i nventjon i rticylarly concern i th, a nethod r

ol o1 W torkFariipain G sbasoas and Yalsk ieinBRHasS vaile,

or pDavine gnd WetenbatrimeenedseClasaxpsBgeice W ddubint the ddisthog
the occurrence of the water hanmer effect irrespective

of the fluid pressure involved. The present invention

Is also concerned with a water hamerl| ess val ve
dgyiae,!anﬂ a ther hammer| ess cl osi ng device, used

i eldof I8R ¢l osing the fluid passage.

Background of the Invention [0002] It is well known

t 1880 enT Be presasny inventiaRiis rorcarnad withdmyrowameRis iaa water
or the |ike, passes through is abruptly closed, there
obammer preveption systea inbich thawater hammeraffectis completely
hamrer' is a pressure effect manifested by the fluid

| prévented sdepeurgedtly ot pesepthocidsinganfuidrpaskagé. t ke present
pressure inside the passage vibratingly rises upstream
Oﬁn\IefmioNi@FﬁrtQiﬂd?r%édnce\ﬂﬁw withRemeasshaR dosing treefuid
abruptly. |[0003] en a water hammrer is created,
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rufrents connected tO t fluid passage, are
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a water hammerless valve device, and a water hammerless closing device,

used in the method for closing the fluid passage.

Background of the Invention

[0002] It is well known that when a passage in which a fluid, such as
water or the like, passes through is abruptly closed, there occurs the
so-called “water hammer.” The “water hammer” is a pressure effect
manifested by the fluid in the passage under these conditions in which the
pressure inside the passage vibratingly rises upstream of the place or point
where the passage is closed abruptly.

[0003] When a water hammer is created, various problems, such as
breakdown of devices or instruments connected to the fluid passage, are
caused by the vibrating rise of the internal pressure in the upstream side

passage.




wat er hanmer. However, these techniques basically
address the water hamer effect by (1) neking the
time for closing the fluid passage long (i.e., so
closing of the fluid passage is not so abrupt), or (2)
by having the vibrating pressure generated inside the
passage rel eased to the outside by opening a bypass
passage, or (3) by absorbing the water hammer using a
separately installed accunul ator. The nethod by which
4lne Fherefareovaiinps W@hnwgag@veéaewmﬁaﬂ fasprevent
undesirably tinme-consuming with the result that this
mateharameanot Howexpplthese techpiquestbhasicaliytesidseshthecwater
the need of urgent (or rapid) closing of the fluid
pasgager. eff@ct by 1 triakindtuedime fdreclosihg ithe finidpeidsade 1ény (i.e.,
avoi ding the water hammer necessarily involve

akb IR b tHOAWIB Pabbagél isPastsaoghruph), 6h zachiﬁh@\ﬂﬁg the

buil ding a systemand to practicing a mat hod f
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hanmer . ded costs for these attachnents is too
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vvlth a small flow rate. For exanple, in the fields of
weasultibat thiscmeshed can not herpmlied to situatians whetentsere is the

sem conduct or manufacturing industry, or wafer
c headiohgrggnidontapid delosing mitme fluidrpassagdev Elmihesathenfiand,
chem cal liquid supply systens and in the field of

el oihee twod eakthbd e for avoiying the watér havabrr nb@ﬁﬁﬂnl% involve
generation during urgent (or pronpt) closure of t
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order to maintain the facilities 2 of production,

opeﬁf’%gfﬁ'@?é ﬁ]egﬁwfor%@élhé Y% A Pab&BEGithS6t generating a
water hammer. The added costs for these attachments is too high.
[0005] The water hammer related problems discussed above have
arisen previously in industrial fields where the fluid flowing in the passage
involved a relatively great flow rate. In recent years, however, avoiding
the water hammer effect has become desirable even in fields where the
fluid moves with a small flow rate. For example, in the fields of wet type
oxide film treatment of silicon in the semiconductor manufacturing industry,
or wafer cleaning apparatus development, or the development of chemical
liquid supply systems and in the field of medicine production, prevention of

water hammer generation during urgent {or prompt) closure of the fluid

supply passage has been strongly required in order to maintain the facilities



time of valves in accordance with increased frequency
of valve opening/closing. [0006] Exanples of prior
art devices and net hods enpl oyed for addressing the
probl em of the generation of a water hamrer include:
(a) Patent Docunent 1 Toku-Kai-Hei No. 7-190235,

whi ch describes a valve control device; (b) Patent
Docunment 2 Toku-Kai No. 2000- 10602, which describes a
PID control method and its controller; and (c) Patent
Dot prashictios, Tegradrdhe Rood @0 eRaliy5a08 redutethedeening/stosing
a notor-operated valve for preventing water hamrer,
atiche vvaleed inchddondamaxt Witk indtbpsed freGuéehey dhwalne i on
[0007] It is an object of the present invention to

PopehiR/dosighod for closing a fluid passage, and a
wat er hammerl ess val ve device and a hamerl ess
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hamrer by the installation of expensive attachnents.

[ G00B}ku-Kai NoaP802-2856065 ewhichfdastebes agroaivriopesated oalve for
to provide a nethod for closing a fluid passage, and
apreertingavater harfinerabne itdoontrellingtnethddhammer | ess

cl osing device used in the nethod for closing the

fluid passage that can urgently (or pronptly) close

the fluid passage in an

Obiject of the Invention

[0007] It is an object of the present invention to provide a method for
closing a fluid passage, and a water hammerless valve device and a
hammerless closing device used in the method which can solve the
afore-mentioned problems of the conventional water hammer prevention
techniques. In other words, it is an object of the present invention to avoid
the disadvantages of the prior art methods, which are (1) methods in which
the time for closing the fluid passage is relatively long and can not fully
cope with the needs for urgent or prompt closure of the fluid passage, and
(2) methods which seek to absorb, or release, the vibrating pressure of the
water hammer by the installation of expensive attachments.

[0008] Itis also an object of the present invention to provide a method

for closing a fluid passage, and a water hammerless valve device and a



extrenmely short period of tinme (for exanple, |ess than
1000 m sec), w thout causing the water hammer effect,
by closing a valve installed in the fluid passage in
a multi-step operation. [0009] It is also an object of
the present invention to provide a nethod for closing
a fluid passage, and a water hammerl| ess val ve device
and a water hammerl ess cl osing device used in the
method for closing a fluid passage that can pronptly
ahamieress dpsisg dgq’«é:er usgdiindhe $ag omfehgleﬁ'ngdgaiiwfb

the water hamrer. wherein the conditions for closing

t passage/that wan hogenthyaios ipngmptiy) case thehfluidyrassage in an
determined in advance by actually conducting valve
ceremglyt sisdrs pedod bétimeh@oraatamplel lest thive 1080 \ne sbo)jwithout
is operated by an el ectro-pneumatic conversion device
stansiRg thé wzAGONAMNIE: Hffeef) @ d@émgac\bawe HbtARhtithe Mgid
Brief Summary of the Invention [0010] The present

;Bﬁﬁéﬁ)m é’ﬁﬂ}{ﬂi—gge;p) é‘pé?%iiaﬁ.d for closing the valve of

passage enploying a nulti-step operation in

i (i)th | ve .. Rho f lLosing val
odgbIty e el it ing put R RSHER of sy e 4 et
posi tian short of full closure of the valve bod an
PRigihe 7 id s355adk. astls waLSJminariess viResares 3h e
val ve closing position after a_  short |apse of tine, .
| WaRhRAMeklgss koSG dayice used in thmmathed ?%ﬁi?ﬁl@@ & fluid
have al so conducted a nunber of analysis tests on the
mpassagssthat can prempily and seirelyratoseatherfluid paesags witbpul
the present closing nmethod. 4 [0011] The inventors of
t bauging tea vateviearhivar. Wherein tlexpawditbohs/ for dicaingy theedbive
as a result of the afore-nentioned tests, that the
Weithbuheaiging tfaivabs Hireivien sl deteriiniad int advéaniceebyadtually

body to stop at a position within a
conducting valve closing tests so that the actuator of the valve body is
operated by an electro-pneumatic conversion device storing the above

mentioned valve-closing conditions.

Brief Summary of the Invention

[0010] The present invention provides a method for closing the valve of
a fluid passage by employing a multi-step operation in which (i) the valve
body of the passage closing valve is permitted to promptly move to a
predetermined position short of full closure of the valve body, and then, (ii)
the valve body is permitted to move to the valve closing position after a
short lapse of time. In developing the present invention, the inventors
have also conducted a number of analysis tests on the mechanism of

occurrence of the water hammer by using the present closing method.




specific range in the first step of closing the val ve.
[0012] The present invention has been constructed on

the basis of the afore-nentioned findings. The

present invention, in accordance with a first

enbodi nent, relates to a nethod for closing a fluid
passage with a nearly constant internal pressure in

the pi pe passage by using an actuator operated-type
valve installed in the fluid assa wherein, first,

( 001 ]val The inysaiors of thepeesen trwenggm hiave upexpgctedly
direction by increasing or decreasing the driving

i disgovered; he sakesult ofithe afonethentionatidestsothat the water hammer
predeterm ned value, and then (b) the above nentioned
dean ibegrenentedtty pdreniivigube vahieshddy fohstop at acpesitimtwithin a
decreased to fully close the valve after the driving

| Bpeifié Qaﬁdé?mtﬁ@tﬂﬂéﬂﬁé?lﬁc@!nﬁmbﬂ%ﬂﬂv@t the
af ore-nenti1oned value for a short period of tine,
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e causin wat er hanmer he present
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05|ng a passage

rl stapt  int rnal surelnt pi as
o pkelient. alglet Ll MeBd i gsing a0l Pa§Sade FREY

fluid passage, wherein, first, (a) a valve body is
nBeRdy PANstABt infeingkprassyiey themieg PaRsage by es@ssamactaﬁtor
decreasing the driving input to the afore-nentioned
aoperated-tyre walveinstalled mdﬁeélusﬂ pakengen whesein, first, (a) a valve
nei ghbor hood of a predeterm ned value, and then (b)
t bedylis mowgd imtha valee tlosirgedicedtion bysncifeasintgeor decreasing the
i ncreased or decreased to fully close the valve after

t BAvivigliveutib ek efdrelrenBoriddradtadtiortto bhyrredbtrmires valnedand
predeterm ned value for a short perio of tinme, thus

gg@ﬂ% ithe a&g%é ?4, grr?g@reld?%gt iput lohe RASSREES firthaput
increased or decreased to fully close the valve after the driving input to the
actuator is maintained at the afore-mentioned value for a short period of
time, thus making it possible to close the fluid passage while causing no
water hammer.
[0013] The present invention, in accordance with a second embodiment,
relates to a method for closing a fluid passage with a nearly constant
internal pressure in the pipe passage by an actuator operated-type valve
installed in the fluid passage, wherein, first, (a) a valve body is moved in the
valve closing direction by increasing or decreasing the driving input to the
afore-mentioned actuator to maintain a valve stroke in the neighborhood of

a predetermined value, and then (b) the driving input to the actuator is

further increased or decreased to fully close the valve after the valve stroke



[0014] The present invention, in accordance with a

third enbodinent, relates to a nethod for closing a
fluid passage with a non-constant fluid pressure by
usi ng an actuator operated-type valve installed in the
passage, wherein, firs, (a) a valve body is noved in
the valve closing direction by increasing or

decreasing the driving input to the afore nentioned
actuator, to maintain a valve stroke in

ni§ GRBYRINGd ptdhe éfq{ﬁ@’l?é&“@ﬂﬁﬁi RERAgtgriped V&'HP fa5enshayy peried
the driving input to the actuator is further increased
oof timnec tharssmaking it possjblelto stosetibe fiid pasgager witheutcausing a
stroke is maintained in the neighborhood of the

pweatiert eamimeed val ue for a short period of tine, thus
meking it possible to urgently close the passage

W00t CEiWS bresent Wdetion Nianaebrddridehbith AhRirg eessstdiment,
i nvention, in accordance With a fourth enbodi ment ,
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accor dance with either Irst,” second or th
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[ BEI83SIRG & fPeseasing V"Eﬂﬂnn qnﬁdagctuator

fifth enmbodi nent, relatestoarrethodfor closmg
f fumainainsa yalverstekedn dam peigkiborhaad eka predeteringd value,

second, third or fourth enbodi nents of the present
i andrhludera)(b) theariing inphtia thesaoieatdeis fusther oweeasad oml ve
is set to be extrenely short, and a rise 6 val ue of

t Hecreased o fulbf clbsettd wilde pftes thrgevalse ptroke i eirtainkd in the
within 10% of the pressure val ue shown before the

VabigBbbfhdddsEfle dréfiemittrl wiles #otta SRy Pperied of tifne, thus
accordance with a sixth enbodi nent,
making it possible to urgently close the passage without causing a water
hammer.
[0015] The present invention, in accordance with a fourth embodiment,
relates to a method for closing a fluid passage in accordance with either the
first, second or third embodiments of the invention, wherein the valve is a
normally closed-type pneumatic diaphragm valve or a constant volume and
normally closed-type pneumatic diaphragm valve whose valve inside
volume remains unchanged at the time when the valve is in operation.
[0016] The present invention, in accordance with a fifth embodiment,
relates to a method for closing a fluid passage in accordance with either the

first, second, third or fourth embodiments of the present invention, wherein

the time needed to close the valve is set to be extremely short, and a rise



relates to a water hanmerl| ess val ve device for closing
a fluid passage that includes: (a) a valve body, (b)
an actuator for driving the valve body, (b) an
automatic driving force controller for adjusting the
driving force to be inputted to the actuator, (c) a
val ve stroke detector for detecting a valve stroke of
the val ve body, and (d) a control circuit to which a
val ve openi ng/cl osi ng command signal S, a valve
svalbrofdbe preswrie of Himfluidpagssage impernided o deswithin 1§ % of
signal SG are inputted and fromwhich a driving force
cthe praissureyvalugrshowdrbéferenthtiepealve i ¢losedhe

af ore-nmentioned automatic driving force controller so
t [B017]he Mad predentinvientionipl sicetdardeosids alyixth kenbodiment,
actuator after the valve stroke of the valve body is
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[0018] The present invention, in accordance with a
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hammer | ess val ve device in accordance with either the
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the valve body is a nornally closed-type

dPeeRingpesipg eovnard signal Suavabiensirake detectiomaignal Sp and

needed for fully closing the valve is set extrenely

shalve strpkelsettirapsignhl SGi areldnputted 00 2@m Whichpa esigimg force

i nvention, in accordance with a ninth enbodi nent,
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a

device t includes: a water hanmerl ess val ve device
Pidt¥é BrtrdildrstheR eV Yoddls BEMPRIEN closed by the actuator
after the valve stroke of the valve body is maintained at a set value for a
short period of time.
[0018] The present invention, in accordance with a seventh
embodiment, relates to a water hammerless valve device in accordance
with the sixth embodiment, wherein the valve body is a diaphragm-type
valve, and the actuator is a pneumatically ocperated-type actuator.
[0019] The present invention, in accordance with an eighth embodiment,
relates to a water hammerless valve device in accordance with either the
sixth embodiment or the seventh embodiment, wherein the valve body is a
normally closed-type diaphragm-type valve, and furthermore, the time

needed for fully closing the valve is set extremely short by the control

circuit.



for driving the val ve body, an automatic driving force
controller for adjusting the driving force to be
inputted to the actuator, a valve stroke detector for
detecting a val ve stroke of the valve body, and a
control circuit to which a valve opening/cl osing
command signal S, a valve stroke detection signal Sp
and a val ve stroke setting signal SG are inputted and
fromwhich a driving force signal SR s outputted to

t [R028]or elhe piesent invantionsin accoptangenyith amisth embodiment,
controller so that the valve body is conpletely cl osed
byelates toscwatardranamedess fleidyzdssagstdasging devicadhatdnokides:
body is maintained at a set value for a short period
of water hammerssswvalvel deviceippovided sith 4 ealvedioely Bn@ctator
fluid pressure in the primary side passage; and a

C EstrHvinpthe! iIRE Bod @ \Art SutoRili¢ diRthgdrbe @oRROREToF Adjusting
circuit to which a pressure detection signal P1 for

thfe Bl‘i‘\?iﬁ% RGrceRb BeSHpAtE td gf& éétl:léﬂ)r,pé%éI@%%tfoék%ﬁét@&or for

af ore- nent 1 oned pressure ection sensor, 0Sl1 ng
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the afore-pentioned detection_ signal P1 and the .
agpcﬁ%’oﬁ’ aaﬂgeﬂ@%@éqﬁi%swaabé%@t%ﬂn%ﬁ%@ gnd framnmdyieh a
further the conparison between the closing tine
deiiepgifercessignall SR isiadtputed de dee afprermentienad agtomatic
signal TS are effected, a storage circuit for storing

t Hevidgtfarcestattiatigr so thatehe valvat bady isetomegatelhelosed by the
pressure rise value and the stroke setting val ue

C atiuaigraiftériige Valvelstoka®f thé@alvabddg i€ Aigmiaing 8 4 sat value
for selecting the 8 nost suitable stroke setting val ue
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PM and the closing ti setting signal TS out of

CBRBRRUKS NtHeSSHHhL dide DRSSPSR & 88mpufifiy/storage device
provided with a comparison circuit to which a pressure detection signal P1
for the internal pressure in the fluid passage from the afore-mentioned
pressure detection sensor, a closing time detection signal T from the
closing time detection sensor, an allowable pressure rise valve setting
signal PM and a closing time setting signal TS are inputted and in which the
comparison between the afore-mentioned detection signal P1 and the
allowable pressure rise valve setting signal PM and further the comparison
between the closing time detection signal T and the closing time setting
signal TS are effected, a storage circuit for storing the data relating to the
relation between the pressure rise value and the stroke setting value

corresponding to closing time, and a computing circuit for selecting the



[0021] The present invention, in accordance with a
tenth enbodinent, relates to a device in accordance
with the ninth enbodi nent, wherein the contro
circuit of the water hamrerl ess val ve device is so
constructed that the closing tine setting signal TS
is inputted into the control circuit so that the tine
for closing the fluid passage can be controlled by

adj usti the operation speed of the actuator at the
t Mast §wtagtne s&f@ke@egmsva{ge derethgtallewable pressyrerfige value
present invention, in accordance with an el eventh
eseitinpsignal AM laatldhe ttosingtimer settingraignek TSt of ihe
device that includes: (a) a valve body; (b) an
acomprsoh eesulisiinithe colmpavigbn eirbaitly, (c) a vibration
sensor renovably secured to the pi pe passage on the

Uo21§2am T Brelent Menteh iR ;acclidattetVies b tenthn@Hbadintent,
conversion control device to which a val ve
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control s an actuator operating pressure Pa to
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ore St orage uni vance,
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actuator, a holding time setting signal Is for
napﬁltaélpmamedmf tke aptuyatersatithe timemaf the valve alosing epgration.
limt vibration setting signal Prmare inputted and
wW0022] mreKHse preseotijravention, ibaccortanceavidf an elexamth oned

vi bration detection signal Pr and the allowabl e upper

| emidodithéniarélatesntoes water tephineness clwsirlg devicé hat includes:
nmodi fying 9 the step pressure setting signal Ps such
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valve; (d) an electro-pneumatic conversion control device to which a valve
opening/closing command signal is inputted and which controls an actuator
operating pressure Pa to be inputted to the actuator by the control signal Sc
stored in the data storage unit in advance; and (e) a computing control
device provided with a comparison computing circuit to which a vibration
detection signal Pr from the afore-mentioned vibration sensor, a step
pressure setting signal Ps to be supplied to the actuator, a holding time
setting signal Ts for maintaining the step pressure, and an allowable upper
limit vibration setting signal Prm are inputted and which makes a

comparison between the afore-mentioned vibration detection signal Pr and

the allowable upper limit vibration pressure setting signal Prm for modifying



unit of the afore-nentioned el ectro-pneumatic
conversion control device. [0023] The present

i nvention, in accordance with a twelfth enbodi nent,
relates to a device in accordance with the el eventh
enbodi nent, wherein the conputing control device
conprises a step pressure setting circuit, a holding
time setting circuit, an allowable upper limt

vi bration pressure setting circuit, a vibration

pithe stencorgssie: sesting signal Ps saish thatdhpgantrebaignal Sc
conputing circuit, and the step pressure setting
sicgmygrising the afoci-fesdionad hotding dithe setting sirahils andtthe
the vibration detection signal Pr indicated

I mmextified etep preseurd detting SigaadPs ¢ evtdutteg tprtks dataesiosage
changed in a step mnanner exceeds the all owabl e upper

| iumitiof thé Rdre Ghe Ricifetlsleci6pnclenaticittiverdid cotibl device.
the step pressure setting signal Ps is nodified and

| i ng st . : . _
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I cated | lately art t he actuator
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erfedi a Step operating pressure excee
al ) owabl e .upper, |jmt. vibration ressure setring. .
S theh B meint6 BBhual diies braduset aden pretsurs seltindeircut, a
agéﬁ:[idance with a thi rteePth enbodi rent , rEI ates to a
d RO fimegetting siewt. an alawable uppentimit v an RegESure
wherein the el ectro-pneunatic conversion control
deetting citspitpaiviiwatian pressuse detaptionmincuitoard gragniparison
control signal Sc fromthe conputing control device,
aceimpudingmincuidy sndtheustep prassure sedirgrsignalfe ismodified and
conversion unit, wherein an actuator operating

praisediretHEde varittthal thei vitiratio Seetatlionrsigeal Rrtindicated
operating pressure Pa are outputted from the signal
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unit respectively on the basiS of the control signal

Stharirdr éXeed@S e SWEIe upper limit vibration pressure setting signal

Prm, while the step pressure setting signal Ps is modified and lowered in
the event that the vibration detection signal Pr indicated immediately after
the actuator operating pressure is brought to zero from the intermediate
step operating pressure exceeds the allowable upper limit vibration
pressure setting signal Prm.

[0024] The present invention, in accordance with a thirteenth
embodiment, relates to a device in accordance with the eleventh
embodiment, wherein the electro-pneumatic conversion control device
comprises a data storage unit to store the control signal Sc from the
computing control device, a signal conversion unit and an

electro-pneumatic conversion unit, wherein an actuator operating pressure
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stored in the data storage unit in advance. [0025] The
present invention, in accordance with a fourteenth
enbodi ment, relates to a water hammerl ess cl osi ng
device that includes: (a) an actuator operated-type
valve installed in a fluid passage, (b) an

el ectro-pneumati ¢ conversion device to supply a 2-step
act uat or operating pressure Pa to the actuator
operated type val ve, a vibration sensor renpvably
s&entrebisignal $e apd gn afa@@f@g epsratingeprepsiiedance gutpytted rom
the afore-nentioned actuator operated type valve, and
( the signahconypersiontunit and the elevirdpaeuoatidetomyersion unit
signal Pr detected by the vibration sensor is

i nespdotidelyrah e lodsio of thet cortral @ignad Scsi fonab vitet batrimer
el ectro-pneumati ¢ conversion device to control the

| gtstbd O tie ARPStORRYAURIDE S e Ps’ of the
af ore-nmenti oned 2-step actuator operating pressure Pa

ZOGiE]t Lo p?és%?ﬁ{irﬁ/e%‘ﬁSH”ﬁté&o?@éWﬁ]\ﬁltR% fgﬁﬁiaéﬁth' S

m tted to out pu e control signal

Somidifindie rs&@ﬂoug%epﬁcap o8 I HEviE8 b oibes:

tep operat’i ng Si
ratio etectl | Q ,near-zero. [00
Ti) 8 St AR pE A e, el B dE 2GS Pssade i@%?ﬂ
n‘E%cgl nment, relates to a method for closing a f|
r@epnwmatw ﬁ°'('\é9r3'é’" davireata PRy ﬁ%?teipsaqt'ém 99?93““9

prow ded on the upstream side of an actuator operated
t ppRSSuEe V@ tortbe fictuator apenséed typedvabess dahe Vlt(rl§l0fa sensor
vi bration detection signal Pr fromthe vibration
s ezmovably secpred edtheipe passage bothe apstréan sdd of the
control signal Sc fromthe tuning box is inputted to
aafereanbhtiomicacbtar opepatedrtgpovaliey g (§pa turihg dox to

2-step actuator operating pressure Pa generated in

t vhicH 8SALration BefEttibh sTGHY Frictdcted HydRe Mibrbfién sensor is
inputted and which outputs a control signal Sc to the electro-pneumatic
conversion device to control the level of a step operating pressure Ps’ of
the afore-mentioned 2-step actuator operating pressure Pa so that the
electro-pneumatic conversion device is permitted to output, by adjusting
the control signal Sc, the 2-step actuator operating pressure Pa with the
step operating signal Ps’ capable of bringing the vibration detection signal
Pr to near-zero.
[0026] The present invention, in accordance with a fifteenth
embodiment, relates to a method for closing a fluid passage, wherein (a) a

vibration sensor is removably provided on the upstream side of an actuator

operated type valve installed in the fluid passage, (b} a vibration detection

signal Pr from the vibration sensor is inputted to a tuning box, and (c) a




af ore-nmentioned control signal Sc is supplied to the
actuator for closing the actuator operated type valve
in a 2-step operation, wherein the relative relation
bet ween the 2-step actuator operated pressure Pa to be
supplied to the actuator and the vibration detection
signal Pr is checked in the tuning box, and (d) a
step operating pressure Ps' is raised in the event
that vibration is generated at the time when the .
acenHPbsigaakPafmonythe weing koxis inpytted igae glediro-preumatic
first step, while the step operating pressure Ps' is

| cneversiomdeviee evdhat a Restep iaotustonoperating peesause Pt
the tinme when the actuator operating pressure Pa is

| geneested in theeketofphetintfticscorivierdion depicertsy theunber  of
adj ustnents by raising or |lowering the afore-nenti oned

S e eORBAAGHEW cHR PRSIl B is%’u?pﬁ@@ eRiRraétDathfel Bosing the
step operating pressure Ps' of the 2-step operating

gﬁgﬁ.ﬁléreoﬁ’@ra\f\éﬂ g)lfﬁe“\?aﬁ\zé’fnit ﬂ@-étgg oglléi'é%lfoﬁ]‘% %égiﬁttﬁé trbi2five

al Pr to near-zero, ere 0s

af - ' t r -ty Y .

i ErHoBPRhESTET S8 Bl BB el iRat Hetoa R pb dEgeiied
a he t when the 2-step. operatin pressuyre, P .
i@ e pEuSTas Ameoe oraHion CBtetipn Siane P ipdkest n the tuning
bringing the generation of vibration to near-zero, is
oBOXLERR X stan rReraling Pressusm Esnmisiraisedrin i pyant that
device. [0027] The present invention, in accordance
wivitiatiors isxgenarated atitbedinne whenrtbe actisatonopenating guaessure Pa
close a fluid passage, wherein (a) a vibration sensor

i $s losvaredlin thepfirsy stipd while tthe stggstperating ipdessufre &3’ s
actuator 12 operated valve installed in the fluid

peaeeed in the eteni thatlibeatichcisgRinepstedi AN tinfd whenthé he
vi bration sensor is inputted to a tuning box, and (c)

f‘ g@ﬁ]r??ttdérlo&é%etrrégﬁ% ?t%sr%&tré ?é”ibtl&ﬁeﬁé&“ihrtﬁe Re¥ohd stepPsd iRl a
plural number of adjustments by raising or lowering the afore-mentioned
step operating pressure Ps’ are repeated to obtain the step operating
pressure Ps’ of the 2-step operating pressure Pa which can bring the
vibration detection signal Pr to near-zero, thereby closing the
afore-mentioned actuator operated-type vaive on the basis of the data of
the control signal S¢ provided at the time when the 2-step operating
pressure Pa with the step operation pressure Ps,” capable of bringing the
generation of vibration to near-zero, is outputted from the
electro-pneumatic conversion device.

[0027] The present invention, in accordance with a sixteenth

embodiment, relates to a method to close a fluid passage, wherein (a) a

vibration sensor is removably provided on the upstream side of an actuator

12



conversion device so that a 2-step actuator operating
pressure Pa generated at the el ectro-pneunatic
conversion device by the afore-nentioned contro

signal Sc is supplied to the actuator for closing the
actuator operated type valve in a 2 step operation
wherein the relative relation between the 2-step
actuator operating pressure Pa and the vibration
detection signal Pr is checked in the tuning box,

( apetated ¥plvedpatabed ingtherfsid passage, (pa wmm@udemtm@ Slgnal
event that vibration is generated at the tine when

t Pe fraon that vibratioer serison ispinpetted éo Bduningrimixs addi(a) a leentrol
first step, while the step operating pressure Ps' is
r gighalSt frdn ¢theeiMiig bbRis inputtedto an dlectgspreatnatc at

the tine when the actuator operating pressure Pa is

r 8biestsion dd\Bee 86 st aSQfé,PepﬁacﬁJBﬁir @e%wgabréysmpaof

adJ ustnments by raising or Iowering the

; 858@‘@“% %eé&@ﬂw@ﬂ%ﬁfc'é&v@@éﬁ%@acg Sy tAES

peate € step operating pressure Ps' of

the 2- ste il re

Ma i ocra"deé @%@%@%%PUPE@%%%%@?@ a8 jdlidslfg the
closm t he re-ne |one ctuat o ope at ed-t
vabtetd praretecblyBe Jabte il siem.onrating: EbRta e fate
Sc provided at the tinme when the 2- step op Igratlr{ﬂ
pr@ggqn betwean the 2-stensa@yalos OPRIating Riessyis dthe
capabl e of bringing the generation of the said
vivibratiorodetestior signaéPo js checkedtipdine tuning bax: ard (d) a step
el ectro-pneumati ¢ conversion device. [0028] The
poperating pressuned?s’ isioaered datieeeverit that \dlerationde geherated
enbodi nent, relates to a nethod in accordance with
elat RS tirmBavHierf trResithatb? opeRainFebs@e PAE sisddinnthe first

errbodl ment, wherein the vibration sensor and the

{ B ég‘ﬁ‘?gxtl’é%?e@ b§HEfg [RefSurb PRV Atalddh thd BveAt thae!

ro for outputting the 2-step

OPBFAIAE d’éneeﬁférdeat%ﬁe GAReRhEN he actuator operating pressure Pa

is raised in the second step so that a plural number of adjustments by
raising or lowering the afore-mentioned step operating pressure Ps’ are
repeated to obtain the step operating pressure Ps’ of the 2-step operating
pressure Pa which can bring the vibration detection signal Pr to near-zero,
thereby closing the afore-mentioned actuator operated-type valve on the
basis of the data of the control signal Sc provided at the time when the
2-step operating pressure Pa with the step operating pressure Ps,’
capable of bringing the generation of the said vibration to near-zero, is
outputted from the electro-pneumatic conversion device.

[0028] The present invention, in accordance with a seventeenth

embodiment, relates to a method in accordance with either the fifteenth
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bringing the generation of vibration to near-zero has
been inputted to the storage device of the

el ectro-pneumati ¢ conversion device. [0029] The

present invention, in accordance with an eighteenth
enbodi nent, relates to a nethod in accordance with
either the fifteenth enbodinment or the sixteenth
enbodi nent, wherein the vibration sensor is |ocated
within 1000 mm upstream of the |ocation where the
aembdimenboethe sidteepffeembbdiméent, pheveid dde vibuatio) samsor
present invention, in accordance with a nineteenth
egbddhetuming hekareallbwed todtehethovedoaftarttamaéa of the control
either the fifteenth enbodinment or the sixteenth

eRRPEI BeTor oMpRtfigthel T sElprthataRh§ bieisure Pessapadle of

hol'ding tine t of the 2-step operating pressure Pa is

S %Fin@an' tﬁéﬁggﬁe?@ﬁbﬂ oﬁﬁﬁr%ﬁ?m t[ﬁ Hedtlzeld hbY BeechbhSetied ’c_c:I tlhe

featlrés a advant ages of the present invention w
b ent.. fr P riopt of
B E YR0Re Uhinn Bl BncthAic Fon BRI
Cc | der together with the attached .draw.ngs. Brief
od0Ed15: ihe rSes R invsbop o aitorfftiecwit a8 oReeol
di agram of  the testing device used for  detecting.the
o EThacmERt aPlaies o2 FigHhad 17 AceaTEanee, Mthp%l&eaé%e figgenth
[0033] Figure 2 is a schematic diagramto show an )
eleathadingAtanie Yxteesity embogimerty Wbereindie vibratio sensor is
testing device, wherein (a) is a basic block diagram
abhutated withira1 000 okm dipstream of the 3dadativinguheresthesaciuator
diagramto illustrate the relation between an i nput
gloperated-type valve is provided.
[0030] The present invention, in accordance with a nineteenth
embodiment, relates to a method in accordance with either the fifteenth
embodiment or the sixteenth embodiment, wherein the step operating
pressure holding time t of the 2-step operating pressure Pa is set at less
than 1 second.
[0031] Further objects, features and advantages of the present
invention will become apparent from the Detailed Description of lllustrative

Embodiments, which follows, when considered together with the attached

drawings.

Brief Description of Drawings

[0032] Figure 1 is a circuit diagram of the testing device used for

detecting the occurrence of water hammer in the fluid passage.
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signal | (input voltage V) and an output pressure Pa

(k M- G in the electro-pneunatic conversion device

5 of Figure 1. [0035] Figure 4 is a diagram
illustrating how the internal pressure Pl in the pipe
passage LI upstream of a valve changes in the
multi-step type valve closing with the internal
pressure P1 in the pipe passage LI being kept

constant when the pressure Pa for driving the actuator
i sS[0OR3hgeFigure/Dis2a aphersatic diagramitoshon a3 etasdrocpreumatic
where Pa is closed from5k m-Gdirectly to Ckg, (b)

i | ¢arstersiorsevive usexkfonties testiagideviceywarhedeihr(aistk gasic block
M - Gto 1.9kgf/c n2 - Gand then to 0, (c)

| | diagtdratapg (bgﬁs & dlockwiagiania is lowered in steps
from5~1. 66- kgf/c m- G (d) illustrates the case

wh a i redid t s i

G P, Pyl Lt Bt/ folrE bl afmpur
st for 3 < / - el t, &

¢ neOnatl @R vbnags U SR s Hlug esBUfe PRI HE B Ine
[0036] Figure.5 is a diagramidlustrating the

 Fapre R A nd 9ol aFBPR LT e o to t e
actuator and the pressure rise APl in the nu|ti-ste .
t ylﬁ@?%?osfﬂ@ﬂwew@ fipgramiissicatingrhay Hisointarg! biesaure P1 in
pi pe passage is kept constant. [0037] Figure 6 is a

di hgrriRe PeEsRge hi iupgtraam of a yalve chapgrs in e mnihsiep type
the nulti-step type closing, with the internal

predve cosing whi the irtsoapt prEssbes RY ikdpe pipenpassage vihbeing
the driving pressure Pa supplied to 15 the actuator is
c e ednetzett eien(thp prebsirbrRd & drivingcihveeactbistoe iseharged
changed from 5kgflc rd - G (full opening) to O (full

cl RRERM (a)ilstidtbsfid BaRswhif P4 (s dosed from 5kgffc ni -G directly
to Okg, (b) illustrates the case where Pa is lowered from 5kgffcm' -+ G to
1.9kgf/c m * G and then to 0, (c) illustrates the case where Pa is lowered in
steps from 5—1.66— 0 kgf/c m - G, (d) illustrates the case where Pa is
lowered in steps from 5—1.65—0 kgf/c id + G, (e) illustrates the case where
Pa is lowered in steps from 5—1.62—0 kgf/c nf + G, and (f) illustrates the
case where Pa is lowered in steps from 5—1.50—0.
[0036] Figure 5 is a diagram illustrating the relationship between the
driving pressure Pa to the actuator and the pressure rise AP1 in the
multi-step type closing where the internal pressure P1 of the pipe passage
is kept constant.
[0037] Figure 6 is a diagram illustrating how a valve stroke AG
changes in the multi-step type closing, with the internal pressure in the

passage P1 being kept constant, when the driving pressure Pa supplied to
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case where Pa is changed from5kgf/c M - G (full
opening) to 1.9kg M G (internedi ate opening) and then
to O (full closing), (c) illustrates the case f/C 2
where Pa is changed in steps fromb5-1.66-0 kg M- G

(d) illustrates the case where Pa is changed in steps
from5~1.65-0 kgf/c M - G (e) illustrates the case
where Pa is changed in steps from5~1.62~0 kgf/c ri~ -

G and (f) illustrates the case where Pa is changed in
stibpsadtuator & chHarg@dovherelre (aj Hlust@tes bEseaserwharePa is s

a diagramillustrating the rel ationship between the

v athemgeidrfedea Skgf/cmiy G(fdll bpeningdes0(fall clasng)Pb)iillugtiades the
pi pe passage LI during multi-step type closing where

t heagddWRERAPa S BRAMIA] ffdml Skdrkenddi Be(fulPgS&mBE) tos1. BRgfc i -

const ant . [0039] Figure 8 is a diagramillustrating

ho(‘!§’(Frﬁ@rrh(—r:lﬁaﬁf1 rﬁﬁ S fheldl tol G‘gfﬁl Eﬁ)smg{)e(dgfﬂﬁj%%%?es the case

changes int -step type oSl ng

Pa\mﬁélje @% is ﬁ%ﬁ{eci %tepsGPror\M?ﬁq é@ Ph@% rRr %s Bi;j llﬁ.:strastes the

pressure P1°

|s chan ed, ~wher |IIutra wher e
L S WP RS Bﬁ%rggépf b eps 15’3-*@%?% & ¢f
illustrates the case where Pl =2

( clustratgs the,case where E@éSMémeemn gtfmdrq% fp%nﬁ kaffc
(d) illustrates the case where Pl =3kgf/c m -

[ 00405, Bndufdlstiatesithe eageawhere Batis ghanged rﬁesteps from 5—
rel ati onship between the actuator driving pressure Pa
antl50he0 kgl/v ed st@.oke AG in the Figure 8 tests,
V\/nerei n (a) illustrates the case where the tank

e, T s Slaganiiatotis neTsspostyer e

' '\Pél\?ré 5BbRE AR (hAdndnAeDrEdsurekBl/ .M in tHe pipe passage L1
during multi-step type closing where the internal pressure P1 in the pipe
passage is kept constant.
[0039] Figure 8 is a diagram illustrating how the internal pressure P1 in
the pipe passage changes in the multi-step type closing (i.e., Pa=5—1.65—
Okgf/c nf + G) where the tank pressure (i.e., the internal pressure P1 in the
pipe passage) is changed, wherein (a) illustrates the case where the tank
internal pressure P1 =3kgf/c nf - G, (b} illustrates the case where P1=2 kgffc
i « G and (c) illustrates the case where P1=1 kgf/c nt - G, and (d) illustrates
the case where P1 =3kgf/c m -+ G.
[0040] Figure 9 is a diagram illustrating the relationship between the

actuator driving pressure Pa and the valve stroke AG in the Figure 8 tests,

wherein (a) illustrates the case where the tank internal pressure PT is
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[0041] Figure 10 is a diagramillustrating the

rel ati onship between the tank internal pressure PT
and the actuator operating pressure Pa, which can
prevent the water hanmer effect where the valve is
subjected to the nulti-step type closing. [0042]
Figure 11 is a diagramillustrating the rel ationship
bet ween the valve stroke AG and pressure rise AP | in
t he plpe passage with the tank pressure PT being a
padkgfist wi + @h&)dlludteateatheecase wherebied kof/ctiie G, and (c)
multi-step type closing. [0043] Figure 12 is an
enillasteetds ¢hg sase dhere WTef! kgf/d mpoGt ant portion of
Figure 11. [0044] Figure 13 is a whole block schematic

di ouaIn ofFigurect(Pis a BRE@RhiIRftratinl tRe delutiGeship between the
accordance with the present invention. [0045] Figure

145hR ey g?e@h *P'Iséﬁ‘@i\‘?{)h&ugtcﬂfgfpﬂ?ém{ Prefs'sD% Pa, which

enbodi nent e device r wat er - hammer | ess cl osi ng

.OfcaH1 rehviehit r‘n@r &r\ﬁ?é}%ech \hlvel i8S uBl&et&d o the
Oﬁgﬁ%ﬁ%& I's a V\ho%me Lﬁn&tl C

|nven I on. ureé [locK s
cond enbodlnent of the device for

di of, a s
vva'%g[t"ﬁgwfl’ 8@5"@ osing of the fluid passage in
ac with the present invention e
d%ﬁﬂg i aEdoweptTdaa drgrap élwsitraﬁns RS releiansitie befiesnhe
of the actuator operating pressure Pa in Figure 16
(ayalveistioke Skaapd pressuradisegéiiti ain e RiPe PRBFAgE Bith the
provided in Figure 16 (b), in the water hanmerl| ess
detenk eressure giir being.a parqnmeieswhsr@ﬂmvave isssubjesteddo the
system di agram schematically illustrating the water
hammotti- $teptypé olisirg.devi ce in accordance with a third
[0043] Figure 12 is an enlarged/expanded view of an important portion
of Figure 11.
[0044] Figure 13 is a whole block schematic diagram of a water
hammerless valve device in accordance with the present invention.
[0045] Figure 14 is a whole block schematic diagram of a first
embodiment of the device for water-hammerless closing of the fluid
passage in accordance with the present invention.
[0046] Figure 15 is a whole block schematic diagram of a second
embodiment of the device for water-hammerless closing of the fluid
passage in accordance with the present invention.
[0047] Figure 16 provides explanatory drawings to illustrate control of
the actuator operating pressure Pa in Figure 16 (a), and an example of the

generation of vibration, provided in Figure 16 (b), in the water hammerless

device of Figure 15.

17



enbodi nent of the present invention. [0049] Figure 18
is a schematic drawi ng of the PC screen display of a
tuni ng box provided in accordance with certain

enbodi nents of the present invention. [0050] Figure
19 is a block schematic di agram of an

el ectro-pneumati ¢ conversion device in accordance
with the present invention. [0051] Figure 20 is a flow
chart of the auto-tuning operation enployed in
acip®d8hnc Figurenl Tisra wholesysteimmiagran Schematieallydhustrating
i nvention. [0052] Figure 21 provides an expl anatory

dr el water baimrhedessatlosinhalevicd intacvosdancebeithvadhird he
driving pressure Pa and generation of vibration in

t hemaatitnéntrifiBe PRsEaHt iimvbntibA053] Figure 22 is a
diagramillustrating the rel ati onship between the

;Itr (00401 °5 $hiiren A B NecheriBric drRfingaf 134 PR §ofaBn Uidpiay6f a

ufe Pa”and t pressure rise value AP. Lis

R : I 0, [
t R BRI Feiantba TR ool fibp s pPR: fesent
desi gé}ltes a pi pe passage upstream of a valve. [0056]

P1MY&'Yhates an internal pressure in the pipe

passage. 0057] . P a desi gpates ap actuator ratin .
PRDBHT .. Figgaeo o bickisenameycaipGiam g elpetro prdtatic
pressure. 0059] LG designates a val ve stroke. 18

[ 0OBDIESSIPD ean[aver]asre with the present invention.

[0051] Figure 20 is a flow chart of the auto-tuning operation employed in
accordance with certain embodiments of the present invention.

[0052] Figure 21 provides an explanatory drawing to illustrate the
relationship between the driving pressure Pa and generation of vibration in
the auto-tuning operation.

[0053] Figure 22 is a diagram illustrating the relationship between the
step pressure holding time t for the step-type driving pressure Pa and the

pressure rise value AP.

List of Reference Characters and Numerals

[0054] PT designates the internal pressure of a water tank.
[0055] L1 designates a pipe passage upstream of a valve.
[0056] P1 designates an internal pressure in the pipe passage.
[0057] P  adesignates an actuator operating pressure.

[0058] Pao designates an air supply pressure.

[0059] AG designates a valve stroke.
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[0063] Sp [0064]1 [0065]2 [0066] 3 [0067]4 [0068] 4a
[0069]5 [0070]6 [0071]7 [0072]8 [0073]10 [0074] 11
[ 0075] 12 desi gnates a val ve openi ng/ cl osi ng conmand
signal. designates a valve stroke setting signal.
designates a driving force controlling signal.
desi gnates a val ve stroke detection signal.
desi gnates a water tank. designates a source for
pressurizing the water tank. designates a pressure
sci996P] d&si gresigratesvamyalue opgaisig/tiasieg cemaand sianal-
desi gnates an el ectro-pneumati c conversi on devi ce.
deli0fnht eSG deisignaties aivalyegstrokeosetting siggwil.gnat es a
signal generator.

[0062] SR designates a driving force controlling signal.

[0063] Sp designates a valve stroke detection signal.

[oo64] 1 designates a water tank.

[0065] 2 designates a source for pressurizing the water tank.
[0066] 3  designates a pressure sensor.
{0067] 4 designates a valve.

[0068] 4a designates an actuator.

[0069] 5 designates an electro-pneumatic conversion device.
[0070] 6 designates a valve driving gas source.

[0071] 7 designates a signal generator.

[0072] 8 designates a storage oscilloscope.

[0073] 10 designates a vaive body.

[0074] 11 designates an actuator.

[0075] 12 designates an automatic driving force controller (i.e., an
automatic pressure controller).

[0076] 13 designates a control circuit.

[0077] 14 designates a valve stroke detector (i.e., a position
detector).

[0078] 15 designates a computing/storage unit.

[0079] 16 designates a computing control device.

[0080] 17 designates an electro-pneumatic conversion control

device.
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desi gnates a storage oscilloscope. designates a valve
body. designates an actuator. designates an autonatic
driving force controller (i.e., an automatic pressure
controller). [0076]13 [0077]14 detector). 15 [0078]
[0079] 16 [0080] 17 device. designates a contro

circuit. designates a valve stroke detector (i.e., a
position designates a conputing/storage unit.

desi gnates a conputing control device. designates an
el [@681D- priGunwiesgnates/anvdiration sansart 19 [ 0081] 18

desi gnates a vibration sensor. [0082] 19 designates a

t Lp008R] boA9 [ AeSiina?és desnipgdors an el ectro-pneunmatic
conversion device. [0084] TC designates a closing

ti[We8dFt eQDi OReBRINHES ah @lstHo-pnélaRhid 8dBEerdionl MsicH)
time detection signal. [0086] TS designates a closing
UigoBeaft t Y SHE&Bhates a closing time detection sensor.
[p085] T designates a closing time detection signal.
[0086] TS designates a closing time setting signal.
[0037] P1 designates a pressure detection signal.
[0088] PM designates an allowable pressure rise value setting signal.
[0089] Pr designates a vibration detection signal.
[0090] Prm designates an allowable upper limit vibration pressure
setting signal.
[0091] Ps designates a step pressure setting signal.
[0092] Ts designates a signal for setting the time for maintaining step
pressure (a closing time setting signal).
[0093] Sc designates a control signal.

[0094] ¢ designates time for maintaining step pressure, and

[0095] Ps’ designates Step operating pressure.

Detailed Explanation of the Invention

[0096] The apparatus and methods of the present invention pertain to a
water hammerless valve device for closing a fluid passage and various
methods for closing a fluid passage. The apparatus and method
embodiment, in accordance with the present invention, are described with

reference to the attached Figures wherein like parts are designated by like
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[0087] P1 designates a pressure detection signal.

[ 0088] PM designates an al |l owabl e pressure rise val ue
setting signal. [0089] Pr designates a vibration
detection signal. [0090] Prm designates an all owabl e
upper limt vibration pressure setting signal. [0091]
Ps designates a step pressure setting signal. [0092]

Is designates a signal for setting the tinme for

mai ntai ning step pressure (a closing time settin o
siweangter fefoesicesc Feior tmdeseribing die nyentioyrnbrief tion
t designates tine for maintaining step pressure, and

[ Osf9h¢ oBsenddishg matiqyirdipes applied imthepeyetapreent of the
Det ai | ed Expl anation of the Invention [0096] The
appassticsfolib@snet hods of the present invention pertain
to a water hammerl| ess val ve device for closing a

fluid passage and various nmethods for closing a fluid
passage. The apparatus and met hod enbodi ment, in

pfan}E?fL: deﬁd&ﬁ?'ﬁ@\f’%ﬁﬁgal ' 5@\%%0‘8%@%%@'5%% (505@?@?.93@ on
CBRASEBIREHID 35 MBI R EB o PBIY R fof SGEUTRsEref,

and Cbservations Pertaining to Flow in Fl ow Passage
[ ngwfacﬁ"tﬂgj%fﬂu'Pb"einhvtb§ﬂn‘®"tt‘éfSH!ﬁNeaStHﬂlegraﬂ¢a%WP§
caused or generated in the noisture, or water, supply
| | presstirer changesdn de: flow passage awhichiaegueyhieprtbpflow passage
i nventors have studied and observed

is switched from the full opening state to the full closing state by employing

a pneumatic i.e., air pressure operated) diaphragm valve. In this
disclosure, the “full opening state” is the state of the flow passage where
flow in the flow passage is free and without impediment, such as when a
valve in the flow passage is fully open, and the “full closing state” is the
state of the flow passage where flow in the flow passage is zero, such as
occurs when a valve in the flow passage is fully closed. Also, the
inventors have studied and observed pressure changes in the flow
passage when the flow passage is in an “intermediate state,” which is the
state of the flow passage that is intermediate between the full opening state
and the full closing state such as occurs when a valve in the flow passage
is partially closed and therefore partially open.

[0098] Figure 1 is a circuit diagram of the testing device used for
investigating the pressure changes that occur when a valve in a flow

passage is switched between the full opening state to the full closing state,
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pressure changes in the flow passage, which occur when
the flow passage is switched fromthe full opening

state to the full closing state by enploying a
pneumatic (i.e., air pressure operated) diaphragm

valve. In this disclosure, the "full opening state"

is the state of the fl ow passage where flow in the

fl ow passage is free and w thout inpedinent, such as
when a valve in the flow passage is fully

t hwith ppwitheuban injegnediete siate (also sefatredde asﬁgef 1néwmedlate
passage where flowin the fl ow passage is zero, such
asoparing statehenAs shawneini Frigutee1 fthe e glagsde)dce indludesya water
closed. Also, the inventors have studi ed and observed
prtaskur @ seeg ofiavidid fof pressumeng dgewatertankea prassure
passage is in an "internedi ate state,” which is the

stedsopB, BRaiNd #vaPareastidithatiSconVepSiBRURIR H8d WaIe8
the ful | "opening state and the full closing state

oSS SHLRS PR Rlprar TR L plrRgE SeBosige. i
F ' :
b i el S%oﬂ*rf%i@d‘% el et i 130 ovs
oo & EheSintiing ﬁbeeW@?@ tafthy oPS BRRSurS sBter @f%@onnected
state, 21 with or without an internedi ate st a,II_

r dPesansg the pressuse in tha Howpdsaese uppEsamyr é’ta 4 hg valve
shown in Figure 1, the testing device includes a wat er

t dalconneateddarans cordrollgdibyihe dlectrgpasumeatic icagversion device
wat er tank, a pressure sensor 3, a valve 4, an

el Bovhioh peezives signabimpeat sfrom sigralcger@rater Val Vide
driving gas source 6, a signal generator 7 and a

st sleege-ppeahidtessupRersion Heviced isipuwered bylthes@lvecdriving gas
is connected to the water tank 1 so as to provide

fladiftcéd & AHRSSHF é%slid%%ob@ﬁé?&oﬁl?éﬂted B PeddiRssi ha|

sensor 3 is conneCcted to sense the pressure in

T liRr AR Ao RS A8sBhs¥Pd YRdto rdisivel Bighdl input pertalning to
the state of the electro-pneumatic conversion device 5.
[0099] The water tank 1 is provided with the capacity of 30 liters and is
of a hermetically sealed structure that is used to store about 25 liters of
liquid (i.e., water of 25°C) therein. The water tank is 1 is pressurized by
N2, a fluid from the pressurization source 2, and the pressure is adjustable
within the range of 100 ~ 300KpaG. The pressure sensor 3 is capable of
detecting water or moisture pressure upstream of the valve 4 with high
sensitivity. A diffusion semiconductor-type pressure sensor is employed in
the test device.
[0100] A diaphragm-type pneumatic valve is used as the valve 4, and

the specifications thereof are as follows: (i) fluid inlet pressure 0.1MPa,
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is connected to and controlled by the
el ectro-pneumati ¢ conversion device 5, which receives
signal input | fromsignal generator 7. The
el ectro-pneumati ¢ conversion device 5 is powered by
the valve driving gas source 6. The storage
oscill ascope is connected to receive signha
infornation from pressure sensor 3 and to receive

nal input pertaining to the state of the
eI @ fluid-quitet pressure 6r3MPai (i) fliid teroperatyreot®}10076 and CV
water tank 1 is provided with the capacity of 30
| i vatus 029 (ivy opefatimghair prdssass Dy3~0eaiiPd, tt)roateviaks oftthe
is used to store about 25 liters of liquid (i.e.,

Wb its @ént&@@g fHéeIicﬁjl@ (i eT hPTRELBF atvale bdylahg PTFE for a

pressurized by N2, a fl uid fromthe pressuri zation

Sodiéﬁﬁraté dt(U Hrlﬁélﬂé” theteRf gQéﬁgé"l‘stinﬁh th8 other

range o OK aG e pressure sensor i's
te t

ups?@sa#?%ya'gﬁé 5 @f%@l‘%ﬁ% AR s e ety in the

i con ctor-t res i
el Sl 3ten 8¢ e Huan B Boby gty S1S Bl o Toe
pn tic val ve used t he valye 4,
P (aPhiagin Valve hasb 8 sroa ke IRBITonta o S ek shown),
pressure 0.1 MPa, 22 (ii) fluid outlet pressure
0. lonrma(lyirest on thajvafmeafawﬂ@tilme yalye@ ignnaptainedin the
0.27, (iv) operating air pressure 0.3-0.6MPa, (V)
nmlesedismt@(i.e. hthe folly thosingnstata)i néintasiuditio dad comnested to
PTFE for a val ve body and PTFE for a diaphragnm, and

( walved, Isnspatatedi wheh pheamatibeprosarader operdtion id supplied by
other words, the valve 4 is a pneumatic di aphragm

Vathé e &Rl - phéuﬁﬁh&%hye#s'ibﬁ 88vicé 8l Wwith m&mlt&héﬁtﬁe and
has a val ve body made of synthetic resin.

di &BEE‘J@&@@I Vﬁiv\éeoc&ﬂdéﬁ Vaved % thovid ﬁbrﬂsthﬁ‘%ai\%f §&atUnd

spri to normal 'y rest on the val ve

Ser%‘ain%&n%ﬁ% tﬁ@gpgﬁéd gta%e (|.e.,n@ﬁﬁgr%g?lﬂl3) 5bérnr?g state or in an

intermediate opening state).

[0101] Accordingly, when the pneumatic diaphragm valve of the
normally closed-type is to be closed, it is necessary to reduce the
pneumatic pressure for operation supplied by the electro-pneumatic
conversion device 5 to the actuator 4a for opening the valve 4.

[0102] A person of ordinary skill in the art will recognize that it is within
the scope of the present invention to employ a normally opened-type
pneumatic diaphragm valve to replace the afore-mentioned normally
closed-type pneumatic diaphragm valve. In the case where such a
substitution is made, the valve 4 is closed by raising the pneumatic

pressure supplied to the actuator 4a because the valve 4 is constructed so
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cl osed state (i.e., the fully closing state). An
actuator 4a, connected to valve 4, is operated when
pneumati c pressure for operation is supplied by the
el ectro-pneumati c conversion device 5 with the result
that the diaphragm val ve body of valve 4 is noved
away fron1the val ve seat and nmmintained in the opened
state (i.e., either the fully opening state or in an

i ntermedi ate opening state). [0101] Accordingly, when

t Heapihaudiapheagm yphvepdviaiurgediby the elastrmf@rcpeyof springs (not
closed type is to be closed, it is necessary to reduce
t hshovwrpe tomol mormadlygestkori the valee seatwhidp piéans tbe vealue is
el ectro-pneunmatic conversion device 5 to the actuator
Aambintainperin e bpenshbiate d.e.] HeGaly dperingstates).
ordinary skill in the art will recognize that it is

Wi o hoa} “‘mufécﬂi%eeleétréf[b?legﬁféii%rﬂonwék@éﬁ devick® B¥edtoa
normal Ty opened-type pneumatic di aphragmvalve to

t
pnetﬂfa &Pﬁ"’?p'ﬁ're?ﬁg Orlﬁtd? tﬁg)(%géé ere rtsyuégﬁf VE_'IVQ %
tmﬁ&ﬁl o&lgwr?i%:ﬁgéj ulj'%lagrrégbgﬁ%s dgniﬂ %Jn%[Y d r@é‘lﬁ“dqgor
I 4 3. th
o SRahP RacTes BEpefiotal den e« fiE ﬁwea&vq""r@sh%%ce of
s rings (not shown), to not nornal y est.on th
vﬁleetr@@@ﬁummhcmnwemn £R¥Cce 1 ROV |qﬁWngwlér@S§Hre used
the opened state (i.e., the fully opening state

[ clocsdt thetate ohtheevalue dospekas ke fullyapening st&ﬁe )dbe iflally

5is used to supply a driving pressure (i.e., air
prassingstatepot femadhteamediada openingl stated, In dihetast device of
driving pressure corresponds to an input signal

di Figate Moan efdctrosgidurnglic theveatsiohaizvide B péthengomstrudtien

valve. In other words, the electro-pneumatic

CQHU&F&E@%#@U@Q i2 U¥eq@vi des the driving pressure used
[0104] The electro-pneumatic conversion devices shown in Figure 2(a)
and 2(b) operate as follows. When the input signal | is inputted to a
control circuit A, an air supply electromagnetic valve B opens so that some
portion of the pressure C, which is provided by the valve driving gas source
6, is supplied to the actuator 4a for the valve 4. This portion of pressure C,
supplied to actuator 4a, is provided as an output pressure Pa or D through
the air supply electromagnetic valve B. The output pressure Pa, or D, is
also fed back to the control circuit A through the pressure sensor E, and
correction operations are effected until the output pressure Pa, or D,
corresponding to the input signal | is reached. In Figure 2, F designates

an exhaust electromagnetic valve, G is an exhaust, H is a power source,

and J is an output signal to correspond to the input signal I.  The output
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to set the state of the valve 4, such as the fully
opening state, the fully <closing state, or sone

i nternedi ate opening state. In the test device of
Figure 1, an el ectro-pneurnatic conversion device 5 of
the construction illustrated in Figure 2 is used.
[0104] The el ectro-pneumati c conversi on devi ces shown
in Figure 2(a) and 2(b) operate as follows. Wen the
input signal | is inputted to a control circuit A an
ai sigsaipp(or thé énput eigigah € is inputtedeaBan ey vollage do asstorage
portion of the pressure C, which is provided by the
vabsoillodcope Boagesplameddselow, is supplied to the
actuator 4a for the valve 4. This portion of pressure

C.[0198PP! iFpslire® RE HRigPamMARusti=Sing'tA¥ liHegr RiatRshshif Between
pressure Pa or D through the air supply

e' tﬁ%t pg%@@sgéu 19, gahr}dfﬁ:t%ué[%@mttﬁéfaf@fe%wﬂ@né’@ or D,

he control circuit A through the

T hovEfifen ?8\”'0%“53&?@ PaRBiGIESIR Pa or D)
‘E.‘"r FEBPanelut i fae ™ drsSeiRDar b S Gt bbe

vaI ve, G is, an exhaust, His a power source, S
arPRHpakic gia@hgagmda@&r e yshe Pis maintaiRed:in §h% ﬂﬂ\y opened
The output 24 signal J (or the input signal 1)

i rglate @tdhasnmﬁ wo(flgge SWoll eag:@rne@pan@lingrtaglée Operatlng pneumatic
osci |l oscope 8 as expl ai ned bel ow. [0105] Figure 3 is

a pheagnEn?F labosit Emﬁmgftlﬁia). i near relationship between
the input signal |I (i.e., input voltage V to the

af Mo ENiA curagdressbe i eraployedrastthe aiosoetcs] i, dalve agiving
5) and the output pressure Pa (or D). In accor dance

W g §H§rcB I ¥6r lRFating theval0é 42 nmugatﬂe/c@mgﬁ@s%ot ygsed as

pneunatic di'aphragm val ve, the valve 4 is maintained

' “géé”@our‘éle'@’tooélﬁijﬁﬂalr%ﬁwttﬁeaﬂreﬁ&%édqﬁn‘gsswé {rge 5V

., corresponding to the ‘operating pneumatic
electro-pneumatic conversion device 5. And, the signal generator 7

generates the input signal | that is inputted into the electro-pneumatic
conversion device 5. In other words, input signal | is a desired voltage
output outputted by the signal generator 7 to the electro-pneumatic
conversion device 5 as the input signal I.

[0107] In addition, the detection pressure signal P1 (i.e., voltage V),
generated by the pressure sensor 3 sensing the pressure in the upstream
side pipe passage L1, and the input signal | (i.e., input voltage V) inputted
to the electro-pneumatic conversion device 5 are both inputted to the
storage oscilloscope 8 so it is possible to observe and record changes of

the pressure P1 in the passage L1 and the input signal | (i.e., input voltage
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pressure P= about 5kgflc n~ - Q. [0106] A conpressor
is enployed as the air source, i.e., valve driving

gas source 6, for operating the valve 4. Thus, the
conpressor is used as gas source 6 to supply air with
the prescribed pressure to el ectro-pneumatic
conversion device 5. And, the signal generator 7
generates the input signal | that is inputted into the
el ectro-pneumati ¢ conversion device 5. In other

wov¥ jendithelikesi drsddragei ascilodespe 8dvivade time-axisiispyraduated in
outputted by the signal generator 7 to the

el 330 @eprieigrarhployed My tesbdevies ishowh iaFigure 1.nput
signal 1. [0107] In addition, the detection pressure

si[@A08B] P! Rdfefing adgdih &9Fighre 1, ERNBIALEREE PY ihdi8e the water
pressure sensor 3 'sensing the pressure in the upstream

SiAKRIiBfndl at'-é-s?la\%i'ué BE3k 2.8 gnalthé afrir%téelssure Pa of

i nput vol tage Inpufted to the ‘el eétro-pneu C

i i . hot h_.i t . .
CESenG8 SUERIR, & BelBAlaBPRA Ry e e L £05p i
il SePRESRS piod Brb G 08 R fgh 2% ano
oG ETANK T SERFRREETRE e RBPIYBE M e 4righ Of about
devi ce shown in Figure 1 [0108] Referring again to
Fi bms and a watenflove (ate Qrthrough s pine pRasage Lhwrs aboyt 3.45
mai nt ai ned at a set value of 3kgflc rif- G and the

ailitepp/regsure Pa of 5kgflc M - Gis supplied to the
actuator 4a to fully open the valve 4. in this case,

t fIB1'09 i dwé%t,aﬂ‘fatn@ésﬁ thd BritdinaEp RSB ADP 1 id thdapsteeam side of
the valve 4 and the water tank 1, was constructed to

P Ay U Aottt e i
3. fRsstife' 85 $LPbiked to the actuator 4a for the valve 4 was changed as
follows, i.e., (@) 5kgffc nf * G (full opening)—0kgf/c of + G (full closing), (b) 5
kgf/c i - G (full opening)—1.9 (intermediate opening)—0 (full closing), (¢} 5
kgfic o + G (full opening)—1.66 (intermediate opening)—0 (full closing), (d)
5 kgf/c nf + G (full opening)—1.65 (intermediate opening)—0 (full closing),
(e) 5 kgfic nf + G (full opening)—1.62 (intermediate opening)—0 (full closing),
and (f) 5 kgffc ni + G (full opening)—1.50 (intermediate opening)—0 (full
closing).
[0110] Figure 4 shows the results observed due to the investigation.
As apparent from Figure 4 (a)} to (f), fluctuations in the amplitude of
pressure P1, with the maximum of 9.15kgf/c uf + G, were shown as

illustrated in Figure 4(a) when the valve 4 was fully closed through the

one-step closing process of Skgf/c i + G (full opening)—0 (full closing).
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[0109] Next, changes of the internal pressure Pl in

t he upstream side of the pipe passage LI were

observed, using the oscilloscope 8, when the air
pressure Pa supplied to the actuator 4a for the valve

4 was changed as f/C 2 follows, i.e., (a) 5kg M- G
(ful'l opening)-Okgf/c M - G(f ull closing), (b) 5 k
f/C2g M- G (full opening)-1.9 (internediate

openi ng) ~O (full cl osing), (c 5 kgf/c m - G (full
openderntheicapgitianst usadeidi Eagweoﬁmn. agyater hammercdassirsgyiring
(d) 5 kgf/c rd - G (full opening)-1.65 (internedi ate

opelnsure)ofChé fvalvie 4.1 osing), (e) 5 kgf/c nf-G (full
openi ng) ~1.62 (intermedi ate opening)-0O (full closing),

an@14f] 5 dwiHeCoter haf (\Mdéh tt@ﬁiﬂlsﬁﬁbrylprﬁg?urel%a:ll was

(i nternedi ate openi ng) cl osi ng)

Fi SHirRed |ﬁ'?|9(¥‘ﬁ)llbWﬁ1 ppar emp"f?éﬁﬁélefjed%djr& 151")”3G (full (;penlng)

i nvestl gati on. rom Fi gure
{N: ;Jh @%kbﬁg% hu%mklﬂferwét&%nﬂ%—% \M@fﬁ:ll eI @s&g deavan in
o119t ?@S@J‘aﬂvs? HEWusn@‘t@%wé%’ﬂ%?”Béq“s%ayeé‘%@isﬁ’%?segwaftﬁ% pipe

cd?ﬁﬁsﬁﬂgr{gll LB PRy \3%@@.: é?%'ﬁ:a&blﬁé'ta%m GrtemeosBcur s

during closure of the valve 4. [0111] On the other

haRr@ceduienintansordancelith Figire 4d) ehepaomptete grevemtion of the

changed in the followng nulti-step manner, i.e., 5 k

M ecaBrigngelof @paaiendamreCresulted, which was unexpected.
[0112] On the other hand, when the air supply pressure Pa was
changed in the multi-step manner of 5 kgf/c nt + G (full opening)—1.50 kgf/c
m * G (intermediate opening)—0 kgf/c ni « G (full closing) as shown in Figure
4(f), there were fluctuations generated in the pressure P1 in the pipe
passage L1 with the maximum amplitude of 2.90 kgf/c nf «+ G.  In other
words, under the conditions illustrated in Figure 4(f), a small water hammer
still occurred.
[0113] These test results indicate that when the valve 4 is switched from
the full opening state to the full closing state, the occurrence of a water
hammer can be completely prevented by going through the multi-step
closing process where the air pressure Pa for operating the actuator 4a is
changed fram 5V (full opening)—1.65V (the valve opening degree of
0.072mm/1.93mmx100=3.73%)—0 (full closing), which corresponds to

closing the valve 4 from the full opening state to the full closing state. In

other words, it is observed that, when the internal pressure P1 in the pipe
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~11.65 kg M- G (internedi ate opening)-O (full

cl osing) as shown in Figure 4(d), alnpbst no
fluctuation in the pressure P1 was caused in the pipe
passagel -1. In other words, by enploying the

mul ti-step closing procedure in accordance with
Figure 4(d), the conplete prevention of the

occurrence of a water hammer resulted, which was
unexpected. [0112] On the other hand, when the air ]
s upasspgprldsis kept pansiast, then 91 )dhadlwidipassadescanbe iclaseddn
manner of 5 kg M- G (full opening)~1.50 kgf/c f/C 2

r dabou® 500t 600ens et witb@etriaug)ngCa katen har@ndrudue to quickly
closing) as shown in Figure 4(f), there were

f | slesiHgtheRaiveenfoni e dtatet dfduld bpasingeo fhe istate lof agpartial
passage LI with the maxi num anplitude of 2.90 kgf/c M

- Sperlifig, Q.BS o aWirilin dBRRRY oft the varrObpértn 1 Ahd s AN to

in Figure 4(f), a small water hammer = sti occurr ed.

Eﬁ?’%@tat@%ﬁ@l EI?:?@%ré?ﬁﬂ?t ?}ﬁrfﬂggéb?tiﬁ{éaﬁn%?gfﬂgbpﬁ%t\éfb‘f’lﬁ'lmer

swtched péni ng $ta
cl.gsin t cuLr water,
oS Do PeBb a1y, PE eIl §oRG £l i P RrEHopRE PrBEe SR the
mul ti-step, cl.osing process where th ir pressure P
f vassdralinadnierpediate sioppaag RostionpliBe yaledman e’ the
(full opening)-1.65V (the valve opening degree of i
0. dearanof thespastial openingithevalvg hody) snelyggualse arrertain
corresponds to closing the valve 4 fromthe full
opwiticabvaluer(d.et ,0s gneaten bt sealer thgndhatasiticalvalégher
words, it is observed that, when the internal pressure
P1[0in 4] he Rigyre 2ié pdiageara ihdicatindg hptv theristeemal pressaure P1 in
(1) the fluid passage can be closed in about 500-1000
nERe pibé hassagalsiridgs vhid Bie thslRéredepehtediniwiitl the valve
4 was switched from the full opening state to the full closing state under the
same conditions as those in Figure 4. In any of the tests, it was found that
when the internal pressure P1 in the pipe passage L1 is constant (3kgf/c
m « G), the rise of the internal pressure is near-zero if the air pressure Pa
supplied to the actuator, at which the valve body is stopped and held for
effecting the first step of operation, is about 1.65 kgfic nf + G).’
[0115] Figure 6 illustrates the relationship between pressure Pa
supplied to the actuator 4a and the valve stroke AG(mm) in tests
corresponding to those in Figure 4. The test conditions are as follows: (a)
the internal pressure P1 in the pipe passage L1=3kgf/c ni-G (constant) and
(b) the flow rate Q=3.45 liters/min {constant) where the valve 4 is closed by

the multi-step type closing process.

28



closing the valve 4 fromthe state of full opening to
the state of a partial opening, (i.e., to a certain
degree of the valve opening) and then finally to the
state of full closing after a short |apse of tinme, and
(2) the water hamrer is not necessarily prevented by
using a nmulti-step closing process in the event that
the interrredi ate stoppage position of the valve body

e. degree of the partial opening of the valve
bd@ﬂﬁl s Frbe stroke a0 ) is meapuiasusing arotentiometer,
i.e., is greater or smaller than the critical value).
[ Ceirickis deifipededo el an amdiung obdistartiedheat thy valve shaft moves to
internal pressure P1 in the pipe passage LI rises

wheress biee d@@hﬁagﬁﬁ velviestisit fedimi aboval fedmtthe fulbélosingpaosition to
swtched fromthe full opening state to the full

clipgivalicssbpdring aflettime sane conditions as those in
F| gure 4. 1n any of the tests, it was found that when

LIBAAT " Pl Pgbt § 19 B8P en RO Bt oty e

AR D BRLAGb  REGEUE TE rge g e
a5 B AT b THEy P Hhhdor,
illustrates the relationship between pressure Pa

sd@&'b‘?n Eaisd. Qﬁbgfé%ﬂuat%rﬂﬁ'?aﬂ@mﬂﬂmxal ve stroke

in tests corresponding to those in Figure 4.
Tf{é‘!ﬂ 8kt Adsaiasi ismpparentdont Figusas(d), dhe oceirrentephwater
pressure P1 in the pipe passage LI=3kgf/c rd-G
( camatrntbecamés ridar-Zene inf thaveverit ehaltBeAae steols 11 G is
(constant) where the valve 4 is closed by the

mo.o72enep.d.ype \ﬁalmbﬁgmngwée ®672AQ108k1003.va%)e That
stroke LG (m) is nmeasured using a potentioneter, and

| §5 Afth ﬂ?éjn'hﬂ’tl Q%@tﬂ}pé%&“g Bfocdiss ieffaefed iidertthe cwAlNen that

shaft noves
the internal pressure P1 in the pipe passage L1 is constant, a water

hammer occurs if the valve opening degree AG is not equal to the about
0.072 mm, (i.e., is sufficiently larger or smaller than 0.072 mm).

[0119] Figure 7 is a diagram illustrating the actually measured values of
the valve stroke AG and the pressure rise AP1 in the pipe passage L1
where the pressure Pa supplied to the actuator 4a is changed under the
same conditions as those provided in Figure 6. It is observed that the
occurrence of the water hammer is near-zero in any case where the
intermediate position, wherein the valve body is first stopped and held for
the first step of the closing operation, is at the valve stroke AG of about

0.07 mm.
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press the di aphragm val ve body from above fromthe

full closing position to the valve opening direction.
[0117] As apparent fromFigure 6 (a) to (f), when the
air pressure Pa supplied to the actuator 4a is 1.9
kgf/c d - G the valve stroke LGis 0.782 nmm and

when Pa isl.66 kgf/c n~ - G LGis 0.108 nm
Furthernmore, ¢gf/C 2 when Pa is 1.65 k M- G AGis
0.072 mm [0118] Also, as is apparent from Figure
608720} heNext desta waresonducied usiagithe tastdevies in Figure 1 to
near-zero in the event that the valve stroke z~"Gis
0.ivitigate water Hamemen preventioniunged thy eendition it the g8grnal
100=3.73% . That is, with the nulti-step type closing

prressired T efthrdvated ednk hes cleared. orFiginat 8 (d)te (c) shows the
internal pressure Pl in the pipe passage LI is

CQB§GIP§‘6f thes¥aéSts. Fwe(éaqﬁusbétésfthbhﬁowﬂiraﬁn@ﬁgélonme
degree LG is not equal to the about (|.e ,

[grll%gﬁél'ﬁﬁé%urle f i e CPIBé pak! Ighﬁh i é‘n@ra@&ﬁ g the

ure ustr tlng t he ac ual |y

rﬁ%‘ﬁzﬁ?gp Yfpgeg‘?'ﬁﬁﬁ‘ %‘Fﬁ SRS e CpalBrlipg o the
{JEWEZSSGEWBBSS ; fpﬁ%\ﬁg G%Eé:ﬁ’ hate péibsﬁgﬁ??ﬁp@df&%
i s observed that the occurre

h;w@r e, Coaifion &has th A PESSSRRA 91 fbe thik Was Skgffc

i nternmedi ate position, wherein the val ve bod%.i s first

strdpp@d  &idthiseathier band taseapparent Eowmpthefarcaves Alilsstiaged in

operation, is at the valve stroke LG of about 0.07

mRig2re § (11)2élid Riegire 8t(ekttbenseare semmdsarne duotiatigns irethe

test device in Figure 1 to investigate water hanmer

PrigteenaliprassirdeP1 inheqsipé iphseagd Whentthe intotrex paéssure PT of
the tank is changed (i.e., the internal pressure is set at 2 kgf/c i - G and 1
kgfic nf + G, respectively).
[0121] Figure 9 shows the valve strokes, measured by the
potentiometer at the time of the tests performed in Figure 8, where the
pressure Pa for operating the actuator 4a was 1.65kgf/c mi - G.  As shown
in Figure 9, the valve stroke AG changes under the fluid (water) pressure
applied to the diaphragm valve body of the valve 4 even when the pressure
applied to the actuator 4a is the same (1.65kgf/c nif - G). As a result, the
vibrating fluctuations in the internal pressure in the pipe passage L1 occur
as indicated by the arrows A in Figure 8 (b) and (c).
[0122] Figure 10 is a diagram illustrating the relationship between the

internal pressure PT of the tank and the pressure Pa for operating the

actuator 4a, which can be used in the multi-step closing procedure to
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pressure PT of the water tank 1 is changed. Figure 8

(a) to (c) shows the results of these tests. Figure

8(a) indicates that no vibrating rise of the internal
pressure P1 in the pipe passage LI is generated during
the multi-step type closing of the valve when the
pressure Pa supplied to the actuator was changed as
follows: 5 kgf/c rd-1.65 kgf/c M2-0 kgf/c M2, under

the condition that the internal pressure PT of the

t shreveaktheiflyictuatipns-of dhe aretnab perssare FAria thepirgpassage L1.
fromthe arrows Aillustrated in Figure 8 (b) and

Fi Dhe eure(A3 shows tiee eelaticreship betwedn BT tamk Pandraémthelisternal
internal pressure Pl in the pipe passage when the

| npressale PT ésSkgfic fT- G THeeclr@slAd snd tiengete (A1 show the
the internal pressure is set at 2 kgf/c M - G and |

k @fdtfongstb whEreih§sIPe P gfR! ¥)- G hRd B = Filgeat9 G F@vt%ctivew.

the val ve strokes, neasured by the potentioneter a

% ?IEist &188r Rbni tﬂ%ﬁ%ﬁ\?éssﬁxﬁ eAé,Oérfafgn 'to'l'g gf@a&lé Q) Bat Eﬂabel&agg"e*tﬁ the

2 pressure or operatin ct uat or
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t reeg R SeapBIngron s BisShALSp el LMK 4n 1o the

same él. 65k M- G. As a result, the vibrating ,

t 110323kt i dvedsiapparentifiare thiatess resdlsrshown indeigyie,e and Figure

passage LI occur as indicated by the arrows A in

Fi Gun éhaeyent thatthedpterna rressuredil of the teak is mearlyr eanstant so

illustrating the relationship between the internal

prtbasthedntérnalf prebsuredPkirethe fipe ppssagail isRaedrbyr constant, then

operating the actuator 4a, which can be used in the

Muhbi high epesd erisity Of eqslpe pabsage L1 is effected, within a time
period of about 500~1000 msec, by the multi-step type closing method, in
accordance with the present invention, which can regulate the pressure Pa
supplied to operate the actuator 4a of the valve 4 while aimost completely
preventing a water hammer. More specifically, this effect is observed
when the normally closed-type, pneumatically operated diaphragm valve is
subjected to the multi-step closing process, (i.e., Pa=5kgfic ni - G—
1.65kgf/c mi - G—0), in accordance with the present invention.
[0124] However, in the event that the internal pressure PT of the tank
(and correspondingly, the internal pressure P1 in the pipe passage L1)
fluctuates, as is apparent from Figure 10, it is difficult for the multi-step type
closing method of the present invention to completely prevent the water

hammer effect by only controlling the air pressure Pa supplied to the

actuator 4a. Accordingly, the present inventors conducted a number of
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30 prevent the fluctuations of the internal pressure

P1 in the pipe passage L1. The curve A3 shows the

rel ati onshi p between PT and Pa when the internal

pressure PT is 3kgf/c M G The curve A2 and the curve

Al show the f/C 2 relationship wherein PT 2 kg M- G

and PT =1 kgf/c m- G respectively. It is clear
fromthe curves A3, A2, and Al of Figure 10 that the
range of the pressure Pa for the actuator, capable of

pr Svemultrgtep typealogingriasts inrahichdhe yabaet styokse gebaifiibe valve
on the internal pressure PT of the tank. [0123] As is
apgds ¢ind controileédreariatsie, instealdtaf cahtrotlingrih&ipgessuré Pensupplied
Figure 7, in the event that the internal pressure PT

of té e Aét0ktdrsta) fath the dRtePhalHreSsure FTRbf theetahk beintpanother
pressure P1 in the pipe passage LI is nearly constant,

th i e i h ' i
B3 il ioRReche i P Pheda et i

ns L . j - .
e Sams-de e s b HPIGLV S 831 i ATiopefiorhdler is added for
requl ate t pressyre Pa .S lied tp operate the
oG e RaRpcettne, .6 4life Yoleis: "conp et of y

prev ing_a water hamrer. Mye specifically, thjs

or T4745y < %ues v banushates theaolbionshippavasatbe yple stroke A
pneumati cal |y operated di aphragm valve is subjected

t 0 G akvalve ¢iangd e rressunegiss o<ERE in the pipe pagsaggl/1dndicated
ry? - G- 1.65kgf/c rd - GO0O), in accordance with the

pr edentthevabre 4 svas §ubjeetid Ho by multi-step: type elasing preaess of
the internal pressure PT of the tank (and

cothepmseadt inyention hehenst thertahk imeswlipredsiire is 4 bhest papemeter.
passage L1) fluctuates, as is apparent from Figure

10Fidurei12 idigh dittded fid éXmarBddiview!sfa meRe portierbMBigure 11.

nmet hod of the present invention to conpletely prevent

L?&Eﬁ;ﬁ@é d g *bg@;igpyg%ﬁ tQ,g&%rEEés 2Rl X3¢ AHdwind RfflatidHahil in which
the tank internal pressure PT=3kgf/c nf + G is tested, while curves A2, A2’
and A1, A1’ show the relations in which PT=2kgf/c m * G and PT=1kgf/c
m - G, respectively.

[0126] As is apparent from Figure 12, in the event that the multi-step
type closing process of the present invention is performed by the valve 4 by
means of controlling the valve stroke AG, it is possible to rapidly close the
valve 4 within a short period of time, of about 500~800 msec, from the full
opening state to the full closing state without causing a water hammer.
This result is achieved, irrespective as to whether the internal pressure P1
inside the passage L1 is great or small, in such a manner that when the

valve stroke AG reaches between 0.07-0.08mm, the valve closing

operation is stopped for a short period of time thereby holding the valve in a
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actuatord4a. Accordingly, the present inventors
conducted a nunber of 31 the nulti-step type cl osing
tests in which the valve stroke AG of the valve 4 is
the controlled variable, instead of controlling the
pressure Pa supplied to the actuator 4a, with the
internal pressure PT of the tank bei ng anot her

expl ored parameter. The testing device used in these
tests is alnost the sanme as that shown in the Figure
1 padighy ddssd stateyaadttherestfter is resadusdfor effectingithe full glosure
the val ve stroke AG of the valve 4. [01251 Figure 11

i | bfite wdles 4t he rel ati onshi p between the val ve stroke
"L Gof valve 4 and the pressure rise APl in the pipe
passage L1 indicated when the valve 4 was subjected
to the nmulti-step type closing process of the present

'nWﬁBtWber %@ﬁ%rfe@@;@@DbUk@rnal pressure is a test

| arged and expanded vi ew
or f |

F 81275 PR 18 ™8 W Bl heqraht o *f%“‘é'%gﬁﬁame”ess

r*;'vs@st EREIT T O e
w the rel ations in whi PT=2k

g,agedgn,\t,he test rpglélb«‘egqmgie;q,m igy M&nq Ig'ggbeplgeqﬁd the like.
from Figure 12, in the event that the mul ti-step
cl Asi KWt isciighre 31 the vsates bammenasstvalve dgwgéﬂmc&luma
by the valve 4 by neans of controlling the valve
st valve ba@y 10 of 8 valves ablastuator 4pi ah sutoimatie driving farcee

4 within a short period of time, of about 500-800
s eontrbiierm 2, lrecdntid| ciropienBngnd hatadve strokeedételctorcidosiing

state wi thout causing a water hamrer.
particular, the valve body 10 is connected to the actuator 11, which
operates the valve body 10 in the same manner as actuator 4a is
connected to operate the valve 4. The automatic driving force controller
12 is connected to receive a signal SR from control circuit 13 and to provide
actuating operating pressure Pa to the actuator 11. The valve stroke
detector 14 is disposed to measure the valve stroke AG and to send an
input signal SP to the control circuit 13. For the purposes of this
disclosure, the term “water hammerless valve device” refers to any valve
device that operates to close the valve body in a multi-step closing
procedure so as to prevent the generation of a water hammer during
closing.
[0128] The valve body 10 of the water hammerless valve device, of the

present invention, is installed in the pipe passage L1. In this embodiment,

a valve body 10 equipped with a diaphragm valve is employed. Persons
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This result is achieved, irrespective as to whether
the internal pressure Pl inside the passage LI is
great or small, in such a manner that when the valve
stroke AG reaches between 0.07-0.08mm the valve
closing operation is stopped for a short period of
time thereby holding the valve in a 32 partially

cl osed state, and thereafter is resuned for effecting
the full closure of the valve 4. The Water Hanmerl| ess
Valob erddeanycskil] inipé]arFivilireeogBizeshat itisodighibitbe iscdpagf the
of the water hammerl| ess valve device, according to

t heregers @i\tedti@netﬁtémmo?/ whiatve bady ¢0nsat cart bel of bagsditable
the test results conpiled in Figure 11, and Figure 12,

an@yddie fdrkSample, SleMivé Bodiy 90'@nlalso bB&owetratted as a disc
hanmer | ess val ve device includes a valve body 10 of a

Valv)féfr'?/gl l?dglﬁzé‘afgerva”e. aR a@%tf&i@b?éséi’léshdfcﬁ&@fg% gﬁli in the art

con control circult

str t A4, 1. .1 | .

" WS ARE i et ine Rop HPting Bfans Bt Hesifbed n
val ve .body 10 in the sanme manner. as, actuator .4a i .

¢ ol AR 0lIgWg R AR R elE FY& daYinGihg VAl seatict 4.00mm in the
driving force controller 12 is connected to receive a

si gifide diametep s empieyad for the valveprayided witly the; walve body 10.
actuating operating pressure Pa to the actuator 11.
Thélovegves, thersikeof thetalver can beifeealy shosasin tberenge o 10A
the valve stroke LG and to send an input signal SP to

théot®A.rol circuit 13. For the purposes of this
di scl osure, the term "water hamrerl ess val ve devi ce"

ref@129]t 0 BRY acRlaler 110RVA 8Rvihg Parioide iRl ealvé bodlyode tAutuator
valve body in a multi-step closing procedure so as to

E{ g‘gﬁﬂ%y%@sﬁl‘?ﬁ@ﬁ%] S8t 11 4R ShaffATEET |iid @bodiment of
the invention, a pneumatic cylinder is used as actuator 11. In particular,
the valve body 10 is closed (i.e., in the full closing state) when the piston
11b is urged downward by spring 11a, while the valve body 10 is opened
(i.e., in the full opening state or in the partial opening state) when the piston
11b is pushed upward against an elastic force of the spring 11a by the
driving pressure Pa supplied from the automatic driving force controller 12.
In this illustrative embodiment, in accordance with the present invention, a
pneumatic cylinder is employed as the actuator 11; however, persons of
ordinary skill in the art should recognize that other types of actuators, such
as the hydraulic cylinder-type actuator or the electric (i.e., solenoid, motor

or piezo-electric element) type actuator can be employed as too as the

actuator 11.
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[0128] The val ve body 10 of the water hanmerl| ess val ve
device, of the present invention, is installed in the
pi pe passage L1. In this enbodi nent, a valve body 10
equi pped with a di aphragm val ve is enpl oyed. Persons
33 of ordinary skill in the art will recognize that it
is wthin the scope of the present invention to
enploy a val ve body 10 that can be of any suitable

pe. For exanple, the valve body 10 can al so be

corﬁ%ﬁﬁlct ek this iusirative embodimestof the presiest invgntien, the
addi tion, persons of ordinary skill in the art wl]l
apmoeu’aﬂy eloskditype valve, such & valverdy i$ empdoyent; ihosvever, a valve
enbodi nent, described in detail as follows, a

di apdfrthe movmlaw opbagd-tgpd ben aaémtwelq:tbe)ém@kﬁ,@moon
the inside dianeter, 1s enployed for the valve

Pr EYrE@emytd, in *tﬁ@PVé%'eY@ eRMOIMEnt, tHOVENEs cloiedY &ﬁeaﬁs of

the valve can be freely chosen in the range of 1

1 O%re%&éé Qﬂi%ﬁhil ngﬁﬁ rB8s e ﬁz} F’H é;?l?eéfjl'd tﬁb%t@ﬁ? 1 g or HbWRver,

val ve tfor es spri

f f

@@%P?@%,ck%ﬁg%ﬁﬁ% e %9&%&@?%@0@2@%@'@%@ 5’§t 0?5*56 of
11. In, t' th I . e.,
P e L

ed downward by spring 11 a, while the valve bod 10

|s ObtHed ln(ﬁheellustratwereénmﬂ!meélﬁéhowg iR Figued3, the tiﬂ\émg
partial opening state) when the piston 11 b is pushed
uperce supalied to the actustard1fisadiusted biythe putangaticidrdving force
the driving pressure Pa supplied fromthe automatic

dr icontrgllérot2.e Trumbutanhatic ddving farce ltosatrollérussedini this
enbodi nent, in accordance wth the present invention,

a eﬁﬁtﬁimbhtl isCotrishireted So BaRitioy aif presdUre R s@spliedfiom a
however, persons of ordinary skill in the art should

P01l b B Simeeddh LSS B,

( ' cBntrofféd {'HerelBlitfdd pressure Pa so that air pressurized to the
pressure Pa is supplied to the actuator 11. Persons of ordinary skill in the
art would realize that the automatic driving force controller 12 is an electric
output controlier when an electric power driven-type actuator is used as the
actuator 11.
[0132] In the water hammerless device shown in Figure 13, there are a
number of signals inputted into the control circuit 13. These inputs include
(a) a detection signal Sp, for the valve stroke AG, generated by the valve
stroke detector 14, (b) an opening/closing command signal S sent by a
valve operator to the valve body 10, (c) a setting signal SG for setting the

intermediate stoppage position (i.e., that is, the controlled valve stroke A

G) in the multi-step type closing operation, and the like. From the control
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or piezo-electric elenent) type actuator can be

enpl oyed as too as the actuator 11. 34 [0130] In this
illustrative enbodi mrent of the present invention, the
normal |y cl osed-type val ve, such as valve 4, is

enpl oyed; however, a valve 4 of the normally

opened-type can alternatively be enpl oyed too.
Furthernore, in the present enbodi nment, the valve is
closed_b% means of increasing the driving 8ressure Pa
suggruigd 3t a pressuse ogatrot signal $Bwethioh outptits thelopetrelied

be of the type so constructed that it is closed by

e pnsssafre Reedquined to lgivadthievpnegeribers salve sitake uiyi,iie dutputted
the actuator 11. [0131] In the illustrative enbodi nent
sheavthe Aufon@aticedridng fdree dontroier 13.0rI@epaticunht, ¢t Valveistroke
actuator 11 is adjusted by the automatic driving force

CORfetdtioRsidifal SPRoAMhRRINS stibike/ BBl AS aR8MhE SbitiRG signal
used in this enbodinent is constructed so that the

2 SOSHify FROnRARRdAE ook pBYifaT.Are istled with cach

source, sucit as a conpressor ustr at

li i | l.ed ..t I [ r r

t nather i g BBGB G £ oo heR Bl rESRe TE MR e
to the actpator, 11. Persons .of ordinary skill in the

o Bchiaps Badivsn e es Roun aaiferenas befueen siosl SP and
controller 12 is an electri¢c output controller when

an 5 &ili cAllbgh the Gl gieuihd s anddheiautorpatic devingdorce
actuator 11. [0132] In the water hammerless device
sheantrollerr yarecillastratedsapasatelyan Figunset3,dkisgvithiatke scope of
inputted into the control circuit 13. These inputs

I nthepgeesend jnveentioh ég integraié theator@pol dirguit tand thelawtomatic
stroke LG generated by the valve stroke detector 14,

( b)drieihgo At SantedIRS inte LSiRYRNAteyratedl compsendntby a

val ve operator to the valve body 10, (c) a setting

Si gd31SC Wath fafthkt RiFefdie to Figure 13, in the normal state of the
water hammerless valve device, the air pressure Pa of a prescribed
pressure value (for example, 5kgf/ ¢ ni + G) is supplied from the automatic
driving force controller 12 to the actuator 11, thus pushing the piston 11b
upward against the spring 11a so that the valve body 10 is fully opened (i.e.,
in the full opening state). Now, in the state of an emergency, when a valve
closing command signal S is inputted to the control circuit 13 the valve
body 10 is urgently closed using the so-called multi-step closing operation
of the present invention. Under these circumstances, the air pressure Pa
supplied to the actuator 11 is instantly lowered to the given pressure value
(for example, 1.65kgf/c mi - G) by the valve stroke setting signal SG, thereby

permitting the elastic force of the spring 11a to lower the piston 11b so that

the valve body (not illustrated in detail) connected to the shaft t11c is
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i nternedi ate stoppage position (i.e., that is, the
controlled valve stroke L G in the nulti-step type

cl osing operation, and the |ike. Fromthe control 35
circuit 13, a pressure control signal SR which

outputs the controlled pressure Pa required to give

the prescribed valve stroke LG is outputted to the
automatic driving force controller 12. In particul ar,

the val ve stroke detection signal SP fromthe valve

st loweregdossichran exteahthat nepreseribathvalyg stoke SG G i reached.
setting the internedi ate stoppage position, are

c ot thenwthehvalae bodptisstoppedtand feald forod short pairiod 18 tisee (for
that the air pressure Pa supplied to the actuator 11

I s exdimpsié, e300-B0A8N beckri ng a difference between

signals SIP and SGto nil. Al though the control

cl 16434 13ith thesyve BB 10 iglbbifelies bOTRE achmbr o1, e

12 are il lustrated separately in Figure 13, it
W %ﬂ'bﬂetdé?etﬁtﬁ)‘ﬁpsq ﬁ’él b RenPifSEve éﬂﬁﬁé‘ﬁbfébtém is mputted to
integrate t eco circuirt and the autonat

dri r e e
ot Enre ?%f@"ﬁ”f- w9¢¢e ot GoReBptHichal gi’b%@&ﬁe?ga'xa stroke

enor tate of th ss_val ve

de\?ﬁgg‘g Sagas %rﬁemp%reﬁa'\f@?e YT PPl c

value for exa 5kgf/ ¢ M mazt)ls supplied from

t h@diptipadhe @OnE’M Cl ﬁ@eersw% Each rheevalm strek@ he G of the

actuator 11, thus pushing the piston 11 b war d

agarhetbadel ja brrwglg!nntcaa peesdidedipasition inel QSbEG)O mBEcs and

fully opened (i.e., in the full opening state). Now,

i n heltetherat eAtiér the ates gbait \l 1 c Waseanvalted for bahiontgperiod of
command signal Sis inputted to the control circuit 13

t thmeiPU@ -500 ehseky, atshe paeniohywisich pedmits ittng valve stroke AG to
so-called nulti-step closing operation of the present

| NYSke i pre'SBfissd EB@iﬁSn CtheGiHIFe ShaTE$1c Is'"lSw%'réd Pfs@é’&g/ft@ the
Pa supplied to the actuator 11 is instantly | owere

e S LR BAESE Y ind S O Pl Bl e
automatic driving force controller 12.
[0135] With this operation, in accordance with the multi-step closing
process of the present invention, the valve body 10 can be fully closed,
without causing a water hammer, by taking about 300 to 1000 msec for the
full closure of the water hammerless valve device (i.e., in this embodiment
the valve is constructed to correspond to the diameter of the pipe passage:
4mm}. In this illustrative, non-limiting embodiment of the present
invention, operation has been explained mainly with respect to the case
where a diaphragm-type pneumatically operated valve, having the valve
seat of 4.00mm in the inside diameter, is used. However, persons of

ordinary skill in the art should realize that the present invention can be
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permtting the elastic force of the spring 11 a to

| ower the piston 11 b so that the valve body (not
illustrated in detail) connected to the shaft 11 c is
36 lowered to such an extent that a prescribed val ve
stroke LG is reached. And then, the valve body is

st opped and held for a short period of tine (for
exanpl e, 300-500m sec). [0134] Wen the valve body 10
is operated by the actuator 11, the stroke detection
si gppliedto bigger tyresvefl vadvest (fokexataplec valves of size 25A to 100A),
inputted to the control circuit 13. The stroke
detsechiasglovgwalveSBr distdvdlves.val ve stroke setting
signal SG are conpared with each other for the

pPumO9S6] of Figafd Yatilardi&e abRidid BlocRidiagtaRseiur 8 waers 0
that the valve stroke LG of the vaI ve body 10 is

br Wﬁeﬂ@s@ IBs P@r%' dl d{c?n %@Qof&%e vt

hel dt here ter e va ve s as been hal ted

Al
T m tﬁHe‘?ﬁ’ tﬁ’c% gr%%?'ﬁ?lr{v%%oﬁoo'!’ﬂg?@tgr(ﬁ%m“@l SS

pOStIOI’] e valve 'stro

| o esﬁ%k@%%hﬁ% t 'F°%r Vel %@Pﬁ‘b‘%ao@%eron

bonvverln the ajr ssur_e ato

AUTGRIDPECES Valve Gevise GoHE 1950 ﬁ%?@%ﬁmqqdewce
this operation, in accordance with the multi-step

cl dagludes yoadditional aardrofied elementsy i @Malvew@s&rw {ime T and

body 10 can be fully closed, w thout causing a water
harameallowaple akéssg:relieeNaR@PM). Inogtbenweudd, @ wates hammerless
cl osure of the water hamrerl ess val ve device (i.e., in

t hickostmdp devioenin addoedmadevwith shee prestent invedtido includes (a) a
correspond to the dianeter of the pipe passage:

| N idtephainmisidsatvang dedte lashowWitineFrigad 13 b) afCFrtmay' side

present invention, operation has been explalne

TRl RISGRREh P PO 8 SBioc Bt TG o dptectn e
th&.akR Y8sing time, and (d) a computing/storage circuit 15 to which the
detected values P1 and T are inputted..
[0137] As shown in Figure 14, the computing/storage circuit 15 is
connected to send the setting signal SG to control circuit 13 and to receive
a detect time T signal from detection sensor TC. The computing/storage
circuit 15 is also connected to receive pressure detection signal P1 from
primary side pressure detection sensor PC, which is connected to detect
the internal pressure P1 in the fluid passage L1.
[0138] Furthermore, a closing time setting signal TS is also inputted to
the control circuit 13 of the water hammerless valve device and to the

computing/storage circuit 15. The operation speed of the actuator 11 (that

is, the state of application of operation pressure Pa to the actuator 11) is
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seat of 4.00mmin the inside dianeter, is used.

However, persons of ordinary skill in the art should
realize that the present invention can be 37 applied
to bigger types of valves (for exanple, valves of size
25A to | O0A), such as glove valves or disc val ves.

[0136] Figure 14 illustrates a basic bl ock di agram of
a water hammerl ess closing device of the fluid

passa in accordance with another enbodi ment the

pr @9@?@‘ ledh b edjusting Beowtau bstatenatibe driving faree icagtrol signal SR
devi ce shown in Figure 14 is distinguished fromthe
watoeitputtesihtodhe esdomativ dridiegi forcestmnirolien 1Zifrpum ¢hel gominol circuit
that the closing device includes tw additiona

cor3r tHdreby alprsting the timestaken whilewaogihgshe gahviensodly a0 érom
an al |l owabl e pressure rise value PM. In other words,

a e Rl SRy 5886 theeVAIgé badglqw t62he Fll @66iIAG SRree Gfidburse,
the present invention includes (a) a water hammerl ess

vahyetifivd dét @%lgﬂéﬁ'@ i5 s g%& H?tt{rﬁnné e 8n~ﬂﬁ%'?@1’c\é St

pressure tIon sensor a detectioh sensor

TC ecting the valve closing tinme, and (d) a
%ﬁlggstorage circuit 15 to which the detected

P Ty TR abE dering Y detestioR Bpbani TG & “ﬂaéﬁed to the

connected to send the setting si SGto con%

ci @etiator Bl indetest lirgel frem taeosé@rge? the reration H}e Yalygrshaft
detection sensor TC. The conputing/storage circuit 15

i s 1Ardiee.c camespenting to epening the e@g’@o &0 ther stepiafithe pgaeation
P1 from primary side pressure detection sensor PC,

whi(iod, cerresporetingtb closihgt thetvalvd)asoi thattimeal T, pisedetected By the
in the fluid passage L1. [0138] Furthernore, a closing

ti netestioni sthser Jlis ihPutted ad site compltieglstavage bircuit 15. The

control circuit 13 of the water hamerless val ve

deyress 128 detebtiofesensor PC is installed at the primary side fluid passage
L1 and inputs the detected value P1 of the fluid pressure to the
computing/storage circuit 15.
[0140] The computing/storage device 15 is provided with (i) a pressure
comparison circulit, (i) a time comparisen circuit, (iii) a computing circuit
and (iv) a storage circuit. Comparison between the allowable pressure
rise value setting signal PM and the pressure detection signal P1 is
effected at the pressure comparison circuit of the computing/storage circuit
15, while comparison between the closing time setting signal TS and the
closing time detection signal T is effected at the time comparison circuit of
the computing/storage circuit 15.

[0141] Inthe storage circuit of the computing/storage circuit15, there

are stored a large amount of data relating to the relation between the stroke
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conmputing/storage circuit 15. The operation speed of

the actuator 11 (that 1is, the state of application of
operation pressure Pa to the actuator 11) is 38
controlled by adjusting an output state of the driving
force control signal SR outputted to the automatic
driving force controller 12 fromthe control circuit

13, thereby adjusting the time taken while noving the
val ve body 10 from the full opening state the valve
boagtting viatue ard the prassues rige valkesf tioe vetygrbagly 1Q as is actually
time setting signal TS is used to determ ne the

dr measgrddincadvamceraflopesatipradf 18R, val\i Bedy, Timevhict the closing
closing tinme detection sensor TC is attached to the
actigt Pis 4 patamerirect time T fromthe st art of the
operation of the valve shaft 11 c (i.

ﬁﬁaqom# ér&&@eiﬂitﬂg etvagttﬁﬂmeé Fé%shr@défe@ao@fs@rfwm

ratlon i.e., corresponding to closing the valve)

S 0 ek@é’édst fhﬁl%&vﬁe ?ﬁa‘s@sﬁ}@ Hs Waﬁ%%etﬁ'xi% SiohaPBM %{hdmg

IS 1IN stor clrcur’t

Th det t

or gl yH R o G0tdfis cRBIAETR T Erects AR ioiE8 e betfng

X?ﬁ%ﬁ?r ‘,11;3/ &pogcg{aébqlﬂlng guﬂélﬁfs o1 t%g[mt " mﬁt %g,l]%forage circuit 15 selects
nput i ng/ storage device 15 is provided with

pr é@@@m atg csﬂlgang dothe-prasgite rige valug &nd@eﬁ%s%mg value

circuit, (iii) a computing circuit and (iv) a storag

ci staned in thengardgsocirdudl whereintie this iselestsdd etbglsnl@mg ﬂmeT
rise value setting signal PMand the pressure

deskréd imtiss stordgdPtirduit isehbetet Etirmbut blespsttes theeclosing time
conmparison circuit of the conputing/storage circuit

15getting ls?rﬁ?éamr | agarbelise efe tompating creuit selectesutiofdhe
si gnal and the closing tine detection signal T is

ﬁ;gtslfg ﬁ%/sgfooﬁe';“getﬁhgglrgﬁgrtﬂér ESPEspondinty fo Whichigiesaste
detection value P1 is less than the allowable pressure rise value setting
signal PM, and then inputs this stroke setting signal SG to the control circuit
13.
[0143] The minimum value of the closing time setting signal TS is limited
by the operation characteristics of the valve body 10, or of the actuator 11.
Normally, the minimum value of the closing time setting signal TS is set at
the value of 1-3 sec. However, the closing time setting signal TS for the
valve body 10 is selected as long as possible within the allowable range.
This selection is made because the longer the closing time, the less likely a
water hammer is to occur.

[0144] When the water hammerless closing device is used, the closing

time setting signal TS and allowable pressure rise value setting signal PM
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[01411 Inthe storage circuit of the conputing/storage
circuitlb, there are stored a | arge anount of data
relating to the relation between the stroke 39 setting
val ue and the pressure rise value of the valve body 10
as is actually neasured in advance of operation of

the val ve body, in which the closing tine Tis a
parameter. [0142] Furthernore, in the event that the
pressure detection signal Pl exceeds the allowable

pr €58 inpyittedgatosthieronsputingigforaggneirc Ut S s pat @mapprapoate
whet her or not the closing tine T exceeds the cl osing

t i srokesetting signari6 iF &triehed andputputtedciromuthe stdraghecircuit
conmputing/storage circuit 15 selects certain data

re b&tH@@othutuﬁ@’sWré@é deeicei 15 andlingutteditd the contakeircuit 13.
setting va stored in the storage circuit, wherein

i n[e{45) sehvifenafle dRidRphdade 0FIs9 Be BBsdd, thbqrawb in

the storage circuit is shorter than, but closest to,

h%péhﬁ%/é?@sﬁb Bmm&hd 'sgfma? 598 %lpu-ﬁ%fd rﬂ)gpﬁ SQ'JtleHltcﬂ’Lother like

e co clrcult s cts o

str
3§5ﬁ9ﬁ§é\&é€§e?$%ﬁé‘bg@u%é&%it % BRIELY Bkt Guhe vaive body 10

Iloma ressure ris ettin si gnal d
© hiRs st qnﬁnws#@%%@flﬂ il el Abte SATB e, e
control circuit [0143] The m ni mum val ue of tq$
cl ¥eRRl preasuse it wdhg.pgmryws@q Bassagde Whratey dugdo t
operation characteristics of the valve body 10, or
t hecadrrencaof water hasnmer, ithe preasuse dietantionaigral &1 ﬂf@d back
closing tinme setting signal TS is set at the val ue of

1- Frosethe pl@ssury detebtiors kessorgPCiamel corhpaned withytte aliksvable
for the wvalve body 10 is selected as |ong as possible

ol I e
WakSind R BRIeekiSthb QIIB@aBle pressure rise setting value PM, a new stroke
setting signal SG is selected by the computing circuit, and is inputted to the
control circuit 13.
[0146] As a result of the operation of the computing/storage circuit 15 as
described above, the stem 11c of the valve body 10 is immediately returned
to a new stroke position so that the pressure rise caused by the
afore-mentioned water hammer is brought to the value lower than the
allowable maximum pressure rise value PM when the valve body 10
undergoes the next opening/closing operation.
[0147] Figure 15 and Figure 16 illustrate a basic construction of a
second embodiment of the water hammerless closing device in accordance

with the present invention. This second embodiment of the water

hammerless closing device is utilized mainly when it is  difficult to attach
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[0144] When the water hammerless closing device is

used, the closing tine setting signal TS and

al l omabl e pressure rise value setting signal PM40 are

inputted into the conputing/storage circuit 15 so that

an appropriate stroke setting signal SGis retrieved

and outputted fromthe storage circuit of the

conmputi ng/ storage device 15, and inputted to the

control circuit 13. 0145] Wien the fluid passage L1

i thetnsessure [detecior Pado the exstingewpstigam sklenpass@gedid or when

signal Sis inputted, froma switch or other |ike

dbistdifficul év iattach thee valee ctroke aletestor(iiet, thd, pasitimnedstector) to

swi tching the valve body 10 fromthe full opening

sthatvaieobdde 10 Wvhichl distiriisHest this fdcdnbl embodieneritiof the

internal pressure Pl of the primary side passage

Wate? hafnrigfedLclbbifg A4 frémfie FirserhBbdiRfeTBhown 1A

pressure detection SI gnal P1 is fed back fromthe

gflﬁﬁﬁyw detection sensor PC and conpared wth the
owabl’e pressure rise value setting signal. If the

Joigahsr i & %é‘[ﬁ%%estp?élé‘%rgf 1 ﬁéd IR G I EREEE { Pove
eérteh\e?'esa%w i ﬁ\'ﬂﬁfflﬁf%gerqd e%@ﬁffﬁ%’?@ S Snpogignent,
0146] As a result_ of the operation of th

daﬁlpydeﬁ.ﬁg)@p@rrwaatanrtmetofyglvgsbodye%rm B%C%Hlﬁ/‘éﬂ"’? ftroke

stem 11 ¢ of the valve body 10 is immedi ately returned
tdetactoei3ds remeved fiom te weterhammedess valva dgvigesshown in
caused by the afore-nenti oned water hanmer is brought
tiigtiree13,abli¢che aviemtdritln (¢)hen elelctrovmiduenatixcéonversion control
pressure rise value PM when the val ve body 10

usleded 92 S(d) e BEMHpLERAE RORBOCH&AEE 96 0WRIcALis @Apabllef’]
Figure 15 and Figure 16 illustrate a basic

L T T Sy
controlling the pressure holding time Ts after the stepwise switching, and
(e) a vibration sensor 18 removably secured to the upstream side passage
1. The vibration sensor 18 is secured to the upstream side passage L1
so that stepwise switching (i.e., switching to Ps (step pressure: Ps) from Pa
max shown in Figure 16(a)) of the actuator operating pressure Pa, applied
to the actuator 11 for the valve body 10, and the holding time Ts for the step
pressure Ps can be appropriately selected so as to make it possible to
determine, and memorize in advance, the closing conditions of the valve
body 10 that permit water hammerless closing.

[0149] In other words, as shown in Figure 15 and Figure 16, the

computing control device 16, the electro-pneumatic conversion control

device 17, the vibration sensor 18, the valve driving gas source 6, the valve
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with the present invention. This second enbodi nent of
the water hamerless closing device is utilized

mainly when it is difficult to attach 41 the pressure
detector Pc to the existing upstream side passage L1,

or when it is difficult to attach the val ve stroke
detector (i.e., the position detector) to the valve
body 10, which distinguishes this second enbodi ment of
the water hammrerl|ess closing device fromthe first
drdalyd! Greand thiecaatuator 1Fiage el compdnentsspf thietwatee harmeneress
to Figure 15 and Figure 16, the water hamerl ess
alesing dedivei erabodiment ehowans eheve Figtfes. s tmvblve driving gas
enbodi nent, includes (a) a conbination-type of valve
berliycd B.is cOnMEEtER t6 proviaé Yeivirig sHeesudeP &8 tdthel 3 i s

renoved fromthe water hamerl ess val ve devi ce shown

Ltflect%-gﬂéﬁn%%c cobveldith afit Y2t tﬂele\eﬁﬁ'g—pﬁféumatic c%ndv)ersion

ectrOo-pneumati ¢ conversion contro evice 17,
t it c : [ , j [ e of
SR ERYERTYY, e PfARELET PaB, (aBPLEO g AP BN
pressure Pa and,of controlling the pressure. hpl ding
RS bTert P he veterinaBo gap Rohia B SRVt lg 1l
vi bration sensor 18 repovably secured to the upstrean}
sterwisgcpgsating pressyee Fappashewndafigire16(a) bydpgargiof the
to the upstream side passage L1 so that stepw se
Llecterpngurriatie congaisiohiayce d 7pthersthestepwiseonrerating
fromPa max shown in Figure 16(a)) of the actuator
gpessureriéa & agplieddoRhe agpEtoet!. to the actuator 11 for
the val ve body 10, and the holding tine Ts for the

J04860) Pr Fs@HctuAier @p@rdnmg@esapeimﬁ epplistetccibeeattsatond 1,
to make it possible to eterm ne, and nenorize in

SRR 10718 8B PRl Pt bt
REARer @SsHBRWbdISW By R ESnttd githi TEiging frond ffe computing
control device 16. The control signal Sc has been obtained, in advance of
the instant valve closing operation, on the basis of the closing operation
tests previously performed on the valve body 10 in each upstream side pipe
passage L1. In addition, the vibration sensor 18 and the computing
control device 16 are removed from the upstream side pipe passage L1
upon completion of the selection, or determination, of the control signal Sc
obtained by performing the closing operation tests on the valve body 10.
[0151] More specifically, the computing control device 16 is provided
with (a) a setting circuit 16a for setting the step pressure Ps, (b) a setting
circuit 16b for the pressure holding time setting signal, (c) a setting circuit

16¢ for determining the allowable upper limit vibration pressure setting

signal Prm, (d) a pipe passage vibration pressure detection circuit 16d, and
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computing control device 16, the el ectro-pneumatic
conversion control device 17, the vibration sensor

18, the valve driving gas source 6, the valve 42 body
10, and the actuator 11 are all conponents of the

wat er hanmerl ess closing device enbodi nent shown in
these Figures. The valve driving gas source 6 is
connected to provide driving pressure Pao to the

el ectro-pneumatic conversion unit 17c of the ]
de ataconparisomeranaputing eiratiitotbe. c dritrthgrmese, gignalinput that is
Driving pressure Pao (about 0.6 MPa in this

énpuidinteethie) cdmputinigheonted \devitei 16 ingluges (Hauvibeat®dn detection
converted to the stepw se operating pressure Pa, as
Hi@vdl PrivcigBd By $Réiges Bftherarsnalfpressure P1 at the time of

el ectro-pneumati ¢ conversion device 17, then the

%I@QH{; 5 QARBAHINRT10 BRE 88 Wetedtad ibg tAERAtratoh ehser 18, Fgai) a
a 1 a

actuator 11. [0150] The actuator Operating pressure
FEb pissyle SERETTe M 8 Y pISBURP S iy firsting

d i bed I b trol_si I LS
PO e 200 dvaan aovadie Vaforgfts kbradrP st St Sbnal
B Sl SRS bRbe e ARARES e P sppote
cl osing operation tests previously perfornmed on. the,
\and thepdds isimopified hasedan theaviprstign %t%llor\o%ls@a 2yt
In addition, the vibration sensor 18 and the conputing

owater bamieeiless diesiagofthevale HadymQ iscaahigiateam si de
pi pe passage LI upon conpletion of the selection, or

det 2] nabiaghievef thiswesatintheolibratign alet&tionadigaalrférdarid/ the
perform ng the closing operation tests on the val ve

barwabie upp8Afrhit viBtagol PRSIsUrE @bitMﬁ didieal Forpaie egmpared at

control device 16 is provided wth (a) a setting

Cthé%rﬁgpé'r%nféﬂmﬁfl’cg@ (%]g:rl.ﬁthﬁeséﬁﬂﬁe&fo?ﬁ&ﬂ[r% &sntrdl AbvRe 16.

settin circult the pressure hol'ding tine

SRlths WeRt 3t aiffSrende S8 TdUNPb&WetH these two signals, the step

pressure setting signal Ps is modified as will be explained below so that a
modified control signal Sc, including the modified step pressure setting
signal Ps and the holding time setting signal Ts, is inputted to a data
storage unit of the electro-pneumatic conversion control device 17. This
modified control signal Sc is inputted into the data storage unit 17a, which
inputs a signal Sc' to the signal conversion unit 17b, which inputs a signal
Se to electro-pneumatic conversion unit 17¢, which then supplies a
modified actuator operating pressure Pa to the actuator 11.

[0153] The electro-pneumatic conversion control device 17 is provided
with a data storage unit 17a, a signal conversion unit 17b (such as signal

generator 7), and an electro-pneumatic conversion unit 17¢ (such as an
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16¢c for determning the allowable upper Iimt

vi bration pressure setting signal Prm (d) a pipe
passage vi bration pressure detection circuit 16d, and
43 (e)a conparison conputing circuit 16e. FurthernDre,
signal input that is input into the conputing contro
device 16 includes (i) a vibration detection signa

Pr, caused by changes of the internal pressure Pl at

the time of closing the valve body 10 and as detected
ijestrepoevmatic eanvensisy dedee b).i ) The astugtonprerating pressure
setting signal Ps, (iii) a step pressure holding tine
Ra,tto g suppliadito The actudtqr 1), imswithedinta stepwise manner as
vi bration pressure setting signal Prm |In accordance
whiolvri ineFigues th(a) bpueputtiog théPactudtorapkrating eosted|esigreal Se
and then Ps is nodified based on the vibration

deirf ¢hé SRnal 8olerSionWiHil 17b wRthe! elBafaphbeanrfatielcenvasiot
the valve body 10 is achieved. [01521 To achieve this

LFﬁﬂ‘q\/\/aqbl LAC SRR A FRIUrd a5efd \%lvéb BAln Péloﬁﬂﬁ coffimand

e upper I'im@% vibfation pr ssu Pe Set i ng

u

3 SnEYR P iRTRG Sl e, UBGIT WRRhS Hhe QB hoffaly
the ev, nt th ffere els und et t hese
QReREAdYPe i va%rﬁbppag‘e@f cloged-Bi it e \Bobd 10
nodi fied as be expl ai hed bel ow so h_ia
rﬁsa.lmmtgtedcwpslecypmu@w CRRMENRIPA FONHE d8des 12
step pressure setting signal Ps and the holding tine
40154hg Referingrgain to Fignrrs 48 and 10, disstathesyibradiga semser
of the el ectro-pneumati c conversion control device 17.
THd is fixeddn the pipeopassalgedi ignalhesg the stapppresedrd settng kignal
data storage unit 17a, which inputs a signal Sc'to

P thée 8fep preeBURY Boldmgutime skiting sibhalTs, apditke allowghi
Se to el ectro-pneumatic conversion unit 17c, which

rﬁHﬁP\l'lbl%‘?ungt rﬂ@%ﬁf@'ﬂh%&l@ﬁhﬂprrﬁ@% bprtsprmt@l?snmted

P to the actu The el ectro-pneunmati

GBI E COhYutingG Tohfbl 46Y bé%.ﬂ L'ik%mﬁé@,“thg%lve body switching
signal So and the actuator operating fluid supply pressure Pao for the
electro-pneumatic conversion control device 17 are appropriately set and
inputted. Thereafter, the valve opening/closing command signal S is
inputted to effectuate supply of the actuator operating pressure Pa, as
shown in Figure 16 for example, to the actuator 11 for the valve body 10.
[0155] Now, the stepwise closing operation of the valve body 10 is
explained as follows with reference to Figure 16(a). At the time T1, the
fluid passage of the valve body 10 is partially closed and is brought to the
intermediate closure when the actuator operating pressure Pa is lowered
from Pa max to Ps. Furthermore, at the time T2, when the set holding

time Ts has elapsed, the valve body 10 is completely closed by bringing the
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with a data storage unit 17a, a signal conversion unit
17b (such as signal generator 7), and an

el ectro-pneumati ¢ conversion unit 17c (such as an 44
el ectro-pneumati c conversion device 5). The actuator
operating pressure Pa, to be supplied to the actuator
11, is switched in a stepwi se manner as shown in
Figure 16(a) by inputting the actuator operating
control signal Se fromthe signal conversion unit 17b
tastudter eperating-pressuretRataczereer $1 the meantimez d thadnternal
shown in Figure 15, the val ve openi ng/cl osing command
rgsslre P ofithehgips watsaga b1 s ghamgesbdue éathengeairtenceref
type (NO normally opened-type valve or NC. normally
GhAEEHafRST (B¥eY fOr éXanifle cudlescA bady ADin Rigare N}, ¢k

to the el ectro-pneumati c conversion control device 17.

Eé@éﬁgb iSAERIded By mwﬂ,{%ﬁbﬂwm glduckWatfhe Vibration

I bration sehsor I's fixed in the pipe passage

;u{eé%&lb%”sigh&%ﬁ%‘?@%&f&%s Bt (%rﬂlgfl"d_?gi’%%’ﬁ he

pressure hol I'me setting™sign and t he

bl L b . .
RS SRR o b e R RE ERH oriBs hing devioe
ShiFiGients, 7 ghipctd Sl ena e AIGH B rBReHIT MOTHing

supply pressure Pao for the electro-pneumatic )

quesaire settingaignal Paeare sompased ahitier epippating gorigg! deyipe

i nputted. Thereafter, the val ve opening/closing.
mcgﬁﬁq/aad

cimeite stegrrrbssuresetiingsignedPs is subisagueat!y

the actuator operating pressure Pa, as shown in

Flighitlg IoMearedrin eka opse whiece tdithoagh the eibratiori does het occur or
val ve body 10. [0155] Now, the stepw se cl osing

GRS AithPambilbWableahrge R the position of ARl (Renedtiar 1), the
follows with reference to Figure 16(a). At the tine

0
Tl b 5 S0 1 5SRO 522
ﬁg&: ﬁ@eﬁ'}qﬁg DOFEE S Hes ST AtifY sRIGPEY! Sndthé Folding
time setting signal Ts for the signal Ps, are outputted together as the control
signal Sc from the computing control device 16 to the electro-pneumatic
conversion control device 17 so that the same closing operation tests on
the valve body 10 are repeated thereafter.

[0157] On the other hand, in the case where the vibration occurring at
the position of A1 (i.e., at time t1) exceeds the allowable upper fimit
vibrating pressure setting signal Prm, the setting signal Ps is modified and
slightly raised. Under these circumstances, the appropriately modified

setting signal is outputted as the modified control signal Sc from the

computing control device 16 to the electro-pneumatic conversion control
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fromPa max to Ps. Furthernore, at the time T2, when

the set holding tinme Ts has el apsed, the val ve body

10 is conpletely closed by bringing the 45 actuat or
operating pressure Pa to zero. In the neantine, if the
internal pressure Pl of the pipe passage LI is

changed due to the occurrence of water hammer (See,

for exanple curves Al and A2 in Figure 16(b)), the
change is detected by the vibration sensor 18 such

t thextice A& sei thabthessame elosing operatign &steonitie valyethasty 1hare
the conputing control device 16. [0156] As part of the
oepeatedthevéaftére wat er hanmerl| ess cl osi ng device of
Figure 15, the detection signal Pr and the allowabl e
ufAS8] | | By repiebiing e opBFAivAUESsIRE éxpiginet bdveIha ar e
conpared at the conputing control device 16. The step

o i{Sa S reogd i

A L R L e I G S R

V{ [ t fall Al I

boy & 'tl?@?g@%?ornﬂ re%ﬁ'é‘él t%c?&e_@é_\fatgt ﬁ%‘ﬁn&hﬁ&[bﬁ%’éléﬁ Eﬁﬁe bfthe

range a position o

vi.bration exceeds the allowabl.e.val Pr t .

e HesRas Lo Aert S Soipdathiun s Vistatd M lad Byis | o

st ressure setting signal Ps, and the hqldi tinme
SebelRy iy iraper i BE RRECheshalerTesshTe haipadias sotfing
together as the control signal Sc fromthe conputing
cognabls Gevivelvergosipattinee dskctltis peleghen issmadespdhsicentrol
control device 17 so that the same closing operation

t signal S0 selelsted/edvespondls totharmoat sptabledstem preasure setting
[0157] On the other hand, in the case where the

vgighalt Pe foraausing ng watter hdranee sinditorthe holding time setting time
time t1l) exceeds the allowable upper limt vibrating

PTERTURE sifiial PRGtSiedAth&data stafagelihit Nadfdmgl Ps is
nodi fied and slightly raised. Under these

SHECUHAUER (RGP SRl Shie 7L Vot SayL e

f518gi]ntgr5? the pipe passage L1 is conducted thereafter by controlling the
actuator operating pressure Pa on the basis of the stored control signal Sc.
[0159] In the embodiment shown in Figure 15 and Figure 16, the
actuator operating pressure Pa is switched and controlled in 2 steps.
However, it is within the scope of the present invention to operate the valve
body 10 of the water hammerless closing device of the present invention so
that it can be switched from the full opening state to the full closing state,
and vice versa, in 3 steps or 4 steps when necessary. In addition, while
the step holding time setting signal Ts is normally set at about 0.5 to 1
second, it has been observed that the shorter the time Ts becomes, the

more difficult it will be to find the necessary conditions for effecting a water

hammerless closing. However, it is within the scope of the present
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computing control device 16 to the el ectro-pneumatic
conversion control 46 device 17 so that the sane

cl osing operation tests on the valve body 10 are
repeated thereafter. [0158] By repeating the operation
tests as expl ained above, the internedi ate operating
pressure Ps (i.e., the step pressure setting signa

Ps) for the actuator 11 required to achieve water
hammer| ess closing of the pipe passage LI, which is
eigueplienitotillzeta bolding ime@etinghsignalits that is shortartaan 0.5 to
Wth respect to the prescribed step pressure hol di ng
t1secomdting signal Ts (i.e., valve closing tine Ts).
This selection is made so the control signal Sc

SE180] ed MQuireeFPMNgFater & tirdrarbogimdrmbineactbfifance with the
pressure setting signal Ps for causing no water

@r@geht mRentién th?tH@h@'tH%fd egssé fid fitne Pas8Bge, Tand ﬂfe water

signal Ps 'stored in ta storage unlt 17a of

H%r%%g oG8 HEDIob SR B0 hARGEN' AGISHERN i Fiddre 17,

cl os assage

nduc thereafter b rall

ow?tﬁf-'r We'<irhAraefBat Sipsa G0k | SLh A i S v

ntrol sij naI In the enb nt sh
Fﬁ?@mrssqet H%ntmrwc‘éﬁg ﬂ%@pefasaa%ﬁq H%\ﬁ'vﬁgm@v 19, the
pressure Pa is switched and controlled in step
Henagkiator 11, itke wibratien sersascld ehatuning bex e‘@eﬁﬂd the
invention to operate the valve body 10 of the water
helentrol presinutissionyedsion devick 2the Theewatar Hammetless closing

that it can be switched fromthe full opening state to

t device bf thd embodimérttshowrpindFiguee1 ¥ & searly thesahe s that of
4 steps when necessary. In addition, while the step

hEPJedérﬂBoauh@wt%ﬁanﬁﬁ ol Ts is normally set at
about O. second, it has been observed that the

R e S
atque box 19 to which the vibration detection signal Pr, from the vibration
sensor 18 installed upstream of the valve body 10, is outputted as a
feedback signal. Tuning box 19 detects the occurrence of a water
hammer by using the feedback signal Pr and outputs the actuator operating
pressure control signal Sc to the electro-pneumatic conversion device 20.
Using this construction, another water hammerless closing device, for
optimizing the 2-step actuator operating pressure Pa to be supplied to the
air actuator 11, is provided. Specifically, as stated below, the optimal
values of the step operating pressure Ps’ of the actuator operating
pressure Pa illustrated in Fig. 21, and the step operating pressure holding

time t, are computed so that the control signal Sc for outputting such an

actuator operating pressure Pa from the electro-pneumatic conversion
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hamrer| ess closing. However, it is within the scope of
the present 47 invention to utilize a holding tine
setting signal Ts that is shorter than 0.5 to 1
second. [01601 Figure 17 illustrates a third
enbodi nent, in accordance with the present invention,
for the nethod to close the fluid passage, and the
wat er hamrer| ess cl osing device used in the method.
As shown in Figure 17, another water hammerl| ess
cHe¥ea g0dethe ackater Huistadputied tatherelaslce-pRevmatiche
present invention, includes the pipe passage L1, the
vebwersiodydeldice 2le  air actuator 11, the vibration
sensor 18, the tuning box 19, and the
ej0a62] o- athshinote, tA8 EiaY oxdevisqRovided With aaitch for
hammer| ess closing device of the enbodi nent shown in
Fowitdting bvbBtheeadrtbol sitfhab 8eBifdcddrdand with e operation type
enbodi nent shown in Fig. 15. [0161] However, in the
i j ' et her Riql h '
efl @rﬁ%ﬁ%w‘?h@n@d ﬁyﬁéom.c. 18" Rokhall G;Ios‘[ét'g[ 3?193), of

e
box 19t o e Vi bration détection signa

f . L orat i S i nstal |l ed upstream of
t'[ﬁ‘%r%)ég‘g‘é‘\éﬁ%dﬁ Jlfgﬂeu@wéu%dd’} IR e s T eotbnck o gnal .
Tuni b 19 ects the gccurrence qf .a water

a3 ol ISt S lstatin poprafiad Bodale of the
actuator operating pressure cont,ro# signal ,Sc to th{;
eP@een slispayAha iReTRASIR) EPTIRSHEWhichelopms @ Mia{Partien of the
construction, another water hanmmerless cl osing device,
flaningbex APzi Risplayedos the sereenaf shisaassenal sgnirutekaies (a)
Pa to be supplied to the air actuator 11, is

pthevstatedof cRmmind/Closingyof the valvat atlybtd,db) thehactoptarmgerating
val ues of the step operating pressure Ps' of the

apiteealing PARE ke hitthctutes $1r(e) PR sthtelst vibtatidni of the pipe
21, and the step operating pressure holding tine t,

g%fspé&t@{é%ngfg% égﬁﬁtopb%ir@oﬁ%%ﬁhrespgn AndSSipé Ybration values,
(d) the condition setting for auto-tuning, (e) the condition setting for manual
opening/closing, (f) the operation type of the valve body 10, and the like.
[0164] The electro-pneumatic conversion device 20 of the water
hammerless closing device of Figure 17 is a combination of the signal
converter and the electro-pneumatic converter, and includes, as shown in
Figure 19, (i) an air supply electromagnetic valve B, (ii) an air discharge
electromagnetic valve F, (iii) a pressure sensor E, and (iv) a control circuit A.
The conversion device 20 is almost the same as the one shown in Figure
2(a) and (b), at least with regard to the basic construction. For example,

an air pressure not less than 0.6 MPa is supplied to the air supply

electromagnetic valve B, and the air pressure of 0 to-0.5 MPa is outputted
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actuator operating pressure Pa fromthe

el ectro-pneumati ¢ conversion 48 device 20 to the
actuator 11 is outputted to the el ectro-pneumatic
conversi on device 20. [0162] Furthernore, the tuning
box 19 is provided with a swtch for swtching over
the control signal Sc, in accordance with the
operation type (N. O, i.e. Normally Opened Type or
N.C., i.e. Normally Closed Type), of the air actuator
1te the aimectyalord 1 msdhe Brtugton eperating presageiqontiol peassyre
an illustrative, non-limting exanple of the screen
dPapl ay of a personal conputer, which forns a major
portion of the tuning box 19. D splayed on the screen
gi0168] s T henether hand] B control Ciaguit Aloé tisd alleetrofpneumatic
openi ng/ cl osi ng of the valve body 10, (b) the actuator

ORSHVRF$iBH deRcRSEMIsSprBRided wiltaalubsBateiR 0dn dltertdl) the
state of vibration of the pipe passage L1, (c) the

(Sib?f?tt/ﬁlglﬁhf"ﬁ%é\@aﬁ KoM &o { g?ﬂ%o?feﬂ?s,‘ﬁn*&rtﬂbiégsfbrpﬁleues’

condition seftting ut o-tuni ng, (
capdi,ti ' : ' i ) the
JRRHOVBN: Fibiearab IR wif P RO g ) W
[0164] The el ectrao- u I,c _conversion devi.ce 20 0
PR pEer Ralifer B B Tav  rcRerise Bbsia tifgari A Plege
conmbi nation of the signal converter 3nd tEg
dnedt elnenveliage iInputhbandamsessuyamonitarddz8DCYs Sn8aKpat)
Figure 19, (i) an air supply electromagnetic valve B,
(are)canmegtad i thermangectasifskbwhiterthenteming bax ¢8 iscopnegted to
a pressure sensor E, and (iv) a control circuit A
Tthe commeetcsiAan ddwise eo@edter At imstonriduted tormecaive e comdrol
shown in Figure 2(a) and (b), at least with regard to

tdign&la®d.c construction, For exanple, an air pressure
not less than 0.6 MPa is supplied to the air supply

t@dgﬁ gﬁgonwgggwﬁg%ouwg%t;@eeg,thé%rfbhﬁaﬁ&é fIBWRSTING Stes & the
auto-tuning method used by the water hammerless closing device shown in
Figure 17. Figure 21 illustrates the relative relations between the actuator
operating pressure Pa supplied to the air actuator 11 and the occurrence of
vibration. As in the case illustrated by Figure 16, a 2-step actuator
operating pressure is applied as the actuator operating pressure Pa
employed in the method outlined in Figure 20.
[0167] Referring to Figure 20 and to Figure 17, the vibration sensor 18
is fixed at the predetermined position of the pipe passage L1 (i.e., within
about 1000 mm upstream of the valve body 10, and preferably at the

position of about 100 to 1000 mm upstream thereof), and the tuning box 19

and the electro-pneumatic conversion device 20 are set respectively.
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49 to the air actuator 11 as the actuator operating
pressure control pressure Pa. [0165] On the other
hand, the control circuit A of the el ectro-pneumatic
conversion device 20 is provided with a substrate At,
an external input/output interface Ao, and other
conponents, and the external input/output interface
Ao is provided with 2 connectors Ac and Ad. A supply
power source (DC24 or 12V), an opening/closing sign

| [0188] t advexti witluthewater-hashmegess nlesing dence rqzﬂdasgmr e
monitor (0-5DCV - 0-981 KpaG are connected to the
copaTation; thadautdvtlirng Iséart sighabjis roputtedl insStep@fectéert, in Step
t he connector Ac. Thus, connector Ac is connected to

r 82 etheevaeiso@pt imthe stagnef fubopeniitffal abogti? e2bnds, and
illustrates the performance flow of the steps of t he

ambﬁ s g%ﬁrﬁhﬁ@st%eéét@/tofr BBeMAhE D regémsr#aeﬁa%ppned for

c OS|ng vice shown in Flgure 17: Flgure

G r%rHr%ll‘ir?g} i Jdi ef\ r el'n%i hBI'EJﬁwpqgﬁ%@g%t? (t)rtn%‘ﬁtep operating

uat or® “opera ressur’

i Gl h%%%& ati@é"ﬁa?%é @ia%ta;ead B p ot uat or
OB ”&'&a@éﬁ&k&ub&gﬁsﬁbé%&%ﬁ st thedesieacf
th&aiure 20. [0167] Referring to Figure 20 and to

vel ody A6, isidataeteda rmeg by ervikatoRdatetion
predet erm ned position of the pipe ggssage LI (i.e

vsighalPr fatrmthe Minatiomsapser thin Stept vSub@emmytly.ltb\e

and preferably at the position of about 100 to 1000

natogahingaaitybithine hdg a bradch ipeirt wherg itis xxhéékednthether the

el ectro-pneunati c conversion device 20 are set

reBRRIDh otRluYs abfhe point A, or the point B, in Figure 21.  Checking for
vibration at point A is Step S5 and checking for vibration at point B is Step
S6. In the event that vibration occurs at point A, the step operating
pressure Ps’ of the actuator operating pressure Pa is increased in Step S7.
On the other hand, in the event that vibration occurs at point B, then the
step operating pressure Ps’ is decreased in Step S8.
[0170] Through the repetition {i.e., normally 2 or 3 times to 15 times) of
the closing control of the valve body 10, the actuator operating pressure Pa
having the most suitable step operating pressure Ps’ for causing no
vibration is eventually obtained. The control signal Sc outputting the
2-step actuator operating pressure Pa obtained by auto-tuning, and which
is capable of the complete prevention of vibration during closing, is inputted

to the electro-pneumatic device 20 for closing the valve body 10. In

addition, the operating pressure holding time t, of the 2-step actuator
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[0168] Next, wth the water hamrerless closing device
ready for operation, the auto-tuning start signal is
inputted in Step S1. Then, in Step S2, the valve is
kept in the state of full opening for about 2 seconds,
and then, in Step S3, the 2-step actuator operating
pressure Pa is applied for controlling the valve. In
this case, the holding time t of the step operating
pressure Ps' is set at 0.5-1 sec as will be stated

| epeyating prasHure/iRar tat hersuprliedratithe time ohautpipsingaisage
L1, due to the closing of the valve body 10, is
dereéerably assherdakipossithidy Wihensnplayingrthd ginecmatic actuator
signal Pr fromthe vibration sensor 18 in Step $4.

Sthseig WRBirbble tohRaka b t sHurktg tRawarddehm has a branch
point where it is checked whether the vibration

‘V}lftlli‘?efg ¥ t6 Filirel 3¢ aRQ Fidure 21 rﬂhg'f&ll&:\ﬁnél

krng rat| on~at pol nt I's Step Sb and

evenﬁieﬂgsa%l%r m\éugfa%guﬂnngihaw BB b PaypSndyinddle

Vi brati1on octurs at pol

in ressur e actuator, o t|n
Rab8iaad el s fised abTheVpierdBnihenass F\Qe %\tlﬁ%ro close

in the event that vibration occ 01 nt B,
tﬁsrvaw?eboéx e s BIEced "bﬁl@s@Rﬁr@wﬂé EY GUBPYHORN | n
Step S8. [0170] Through the repetition (i.e., nornally
oaguatyr opeealingopressurien2a) b otherwords di ispasstile & etiect the
the val ve body 10, the actuator operating pressure Pa
haaienganiroeriess clssingacb:flaensm@lyaﬂesmi—tm pessvatiedidphragm
for causing no vibration is eventually obtained. The

o@ive by decossingStheoadtpatdrioperdtirey pr2sstepinaeiousteps. tis,
operating pressure Pa obtained by auto-tuning, and

Vhdwdver Posaalthst @hohhan%ﬁ@h@d :vecs manhawarafphragm valve

vibration during closing, is inputted to th

g%a?@g gy ® %ﬁbbﬁh@%@? hafrh&ies aéé.n fsmﬂfe hadtor

the operati ng pressu e 'ho

tOpe%tiﬁé] %rgss%trg ?’aaiﬁt%ts(iépél In this case, the step operating

pressure Ps’ of the actuator operating pressure Pa is adjusted oppositely
to the case of the normally closed-type pneumatic diaphragm valve. That
is, the step operating pressure Ps’ is lowered if vibration occurs when the
first step actuator operating pressure Pa rise is effected and the step
operating pressure Ps’ is raised if the vibration occurs when the second
step actuator operating pressure Pa rise is effected.

[0172] Figure 22 illustrates the relationship between the step operation
holding time t and the pressure rise value AP (MPaG) of the fluid lines in
which 3 types of pipe passages, with the fluid line pressures of 0.098 MPa,
0.198 MPa and 0.294 MPa, respectively, are closed using the 2-step
operating pressure Pa of 0.490 MPaG-0.19 MPaG-0 MPaG with the
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operating pressure Pa to be supplied at the tinme of
auto-tuning, is preferably as short as possible. Wen
enpl oyi ng the pneunatic actuator 11, it is desirable
to make tine t shorter than 1 sec. [0171] Wth
reference to Figure 20 and Figure 21, the foll ow ng
coments are nmade assuming that a normally cl osed-type
pneumati c di aphragmvalve is used in the water

hamer| ess cl osing device to close the valve body,
vitnesnatic yalve éa9-|0gn"trnbwbpéel innesvatume dosapet ghangeat the
actuator operating pressure Pa. In other words, it is
paded bpening/adging timehe It isessthewrbyfigure 22 tbablbierpressure rise
normal |y cl osed-type pneumati c di aphragm val ve by
da® ears be brbbghtaotriairaere fehastepgopsrationhelding time t
steps. It is, however, possible that a normally

apeReds ysEcdide WHikitRe Préddura gige v 2P @il sagrdift ithedsté®
effect the water hammerless closing by raising the

ac?é%@fi@ﬁ hom?%ﬁHe%s%s%stﬁ%%.géewn&.m steps. In this
ste

case, the operating pressure Ps' of the actuator

in e ' ' , i.iel tQ it
83731, "B aPHh S BB LBy BherRBIR b PIdleg s,
val ye., Tha IS, e ste peratin ressure Ps' i
(RnlioLaioRA Seisabablroti et HaBR! BB a8 sige phSsage L
act uat or erating pressure Pa rise is. effected and
tin@bqinpd ?@'eér%me@or&r@sﬁgnaé Ssgfor Pgtn@t'%{m ﬁ-S?%actuaw"
vi bration occurs when the second step actuator i
qraratiomgreasuse Radopachievingi watef-hasiraeressoglpeingrs @htained),
22 illustrates the relationship between the step
dherdata on theabdtrobsighakeSe (thatlist herresparxling to theeoperating
LP (MPaG of the fluid lines in which 3 types of pipe

neese@esPa)isttiarisheittéd th thd eleetroqpretimitic @inversloe deviee 20
0. 198 MPa and 0.294 MPa, respectively, are closed

L'\;%rﬁédg;&oé. 2 rgwtlgg} Gﬁ%rel\%ggﬁq Eﬂ? Egﬁ%’gﬂﬁr@g Bax @b dhd*@ vibration
sensor 18 are removed from the water hammerless closing device. In the
event that the rapid closure of the valve body 10 is required, the data on the
control signal Sc, previously obtained in advance by auto-tuning, is utilized
so that the 2-step actuator working pressure Pa capabile of providing water
hammerless closing is outputted from the electro-pneumatic conversion
device 20 to the actuator 11 of the valve body 10.

[0174] In the embodiment shown in Figure 17, when the auto-tuning
operation is completed and the actuator operating pressure Pa (i.e., the
step operating pressure Ps’ and its holding time t) has been determined,
the data on the operating pressure Pa is transmitted to the

electro-pneumatic conversion device 20. Then, the vibration sensor 18

and the tuning box 19 are completely removed from the water hammerless
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pneumatic valve (1 9.05nmm whose inner vol ume does not
change at the valve opening/closing tine. It is shown
by Figure 22 that the pressure rise ,LP can be

brought to near-zero if the step operation hol ding

time t exceeds 1 second, while the pressure rise LP
Wil be great if the step operation holding tinet is
| ess than 0.5 second. [0173] Thus, when the

aut o-tuning operation is conpleted and the contro
stlgsing deyiaeapdhowevr, ihig withindhewscope of thepresgnt inveptipe to
passage L is obtained (that is, the control signal Sc
f aonstwicpthe fuming bex 29 $bethatai¢iaj|a1ade srogibinagize ang iategrated
Pa for achieving water-hamerl|less-closing is

oRiti i dlectrot preuiitc eohvidhsion @eivicel 2(Gi dnahisSsase, kg tuning

is, corresponding to the operating pressure Pa) is

tmn wné h&Crentode SRk oM HTBbtIONCTINE nﬂegmé*@wm@g

I's separately stored. Then, the auto ni ng
btﬁd&/él%cﬁﬂ‘f#e‘ﬂl%éi cbécm\)e?élon%%@% sttt removed from
wat er ess closin evice. In the event
that the rapid closure of the val ve body 10 is
required, the data on the control signal Sc,

ﬂEeVLPﬁS|g ogtgLnFj i n advance by auto-tuning, is

f 2-step actuator working pressure
Pa capabl e of providing water hanmerl ess cl osing

oﬁwaéf ted h&mﬁsenteméeeuqrr i5-anrdigakle; not an o thleowpply plpes
device 20 to the actuator 11 of the val ve body 10.

[fo1 esiter, mteame, lisicbaneding lilkt tatrindustrialgises but thewpegsenhe
auto-tuning operation is conpleted and the actuator
opecrtion glseapplicabifa t¢ theesupply eipestfep hopsetadld mgater/hot
pressure Ps' and its holding tine t) has been

dghRirntheafpply bl?eg Aol aas (R /isatiinth@ seatsurriuctor s
transmtted to the el ectro-pneumati c conversion device

anl Wpt;}“ﬁlaﬁrsb%ﬁéhﬁéhl Stﬁheﬂﬁdu@ﬂ%l bltd HAd “Ptge BRX In

19 are conpl etely renoved from't wat er hammer| ess 53
particular, the present invention is applicable to the chamber apparatus,
and wafer cleaning devices, used in semiconductor manufacturing and in

various types of etching devices.

Effects of the Invention

[0176] According to the present invention, in the event that the fluid
pressure is constant, the valve body is moved to, and at once held at, a
predetermined position for a short time in the initial valve opening operation
by holding the driving force to the actuator at a set value, or by holding the
valve stroke AG of the valve at a prescribed position, by adjusting the
driving force to the actuator. Thereafter, the valve body is moved to a full

closing position. As a result, the fluid passage can be safely closed in an
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cl osi ng device. However, it is wthin the scope of the
present invention to construct the tuning box 19 so
that it is made snmall in size and integrated wth the
el ectro-pneumati ¢ conversion device 20. In this case,
the tuning box 19 is not renoved because it forns a
portion of the integrated tuning
box/ el ectro-pneumati ¢ conversi on device structure.
Feasibility of Industrial Use [0175] The present
i exteamoelyishiogt efmeiricddishe (fooexample, 3P0 HROG ppes) vithmus
for water, steam liquid and the like for industria
u=srisingh water imaraamntby settirenthieoralils obihemafampriecdibhed doiving
the supply pipes for household water/hot water, the
STORAY, Yor @ QaILEQST the WhRle ditdkaui is)of the dalva, iitRin a suitable
sem conduct or manufacturing plants, chem cal and
qﬁheé_industrial plants and the like. In particular,
the“present invention is applicable to the chanber
Z@R?"rgt U¥y h%ﬂﬂoé’@ﬁﬁ 5986:%3%8 Qi rEsemtSAdeitbn, in the
m conduct or nmanufacturing and in 'various types o
et chi vi.ces. Effects of the Ilnvention [[0176 .
il BatdRe s rassh@Ehietfaisng maheRit Bheidbbl whigh @
the fluid pressure is constant, the valve body .is
nhfe@ivestralfy 26 I adeelpment in 90'atf0'p?t865? éf?hﬁenﬂésmg
position for a short time in the initial valve oEenin
prarationis hajiedfer @i shprt periedt pliimg whenthe alye stroke reaches
actuator at a set value, or by holding the valve
stheokeG irGth rarnige waviceshtsad ipadsande; avhigh sausemno yater
adjusting the driving force to the actuator.
Thernewirtefflect dhthewaliweclbeity tirse nandktheino(citHeuvalve bodyiisg
position. As a result, the fluid passage can be safely

Chesed fiof Bib Bdsifidi hatmths Malve stfokee i @dolthdRalveilosing
exanpl e, 300-1000 m sec) w thout causing a water

%ngﬁ)é.,stﬂbt\}dﬂ% Lin6ke’ 9\ 8= 0. RS a7L8UR B TUiPPESsage is
sure to be emergently-closed without causing a water hammer, regardless
of the materials or structure of the valve body.

[0178]  Furthermore, in accordance with the present invention, the valve
is closed by the valve closing operation in which the valve stroke AG of
the valve body is detected and fed back to the control circuit so that the
valve stroke AG can reach a predetermined value, promptly and
accurately, at the time when the valve body is closed. Subsequently, the
valve is moved swiftly from the point of the set valve stroke AG to a full
closing position. As a result of the operation of the structure described

above, it is possible to close the fluid passage in an extremely short period

of time without causing a water hammer although the device is simple in
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force, or the value of the valve stroke AG of the
valve, within a suitable range. [0177] Furthernore,
in accordance with the present invention, in the
event that the fluid pressure fluctuates, a nethod is
enpl oyed in which (a) the valve stroke AGis an

el ement to control, (b) the valve closing operation
is halted for a short period of time when the valve
stroke reaches the AGin the range previously set in
direstasturehtheicby sslkvingnal thet problamasmausast by the wibratian
valve closing tinme, and then (c) the valve body is
nuressufferrise insilepibeifluid passageng t he val ve stroke LG to
the valve closing position (i.e., the valve stroke OG
F04¥9] As Adsd, 88 dckerdahee fith thelsresamteinvéntidil tiSe beddarre
energently-cl osed w thout causing a water hamrer,

rd‘été&ﬁ’c%r%élu]ecm Bgﬁg\;&rﬁ) ?& 'tt%] ﬁré%%u?é gé'l%kﬁéﬁ_s%s:%rﬂzc%d/ﬁe

body. [017/8] Furt e, accordance Wt
RESG mE B ReNER sidf TidhdAed ) Peigthafirie bl
val ve is detected,and fed. bac 0 the co I
cFosBr R R NG 656 19 e 154 pRE€ fodregoiPe i 4Brage
edeterm ned val ye, pronptly a ccur at t he
et morrat (i @ srg g staraL o (b datylisd tohe dgtrol
valve is noved swiftly fromthe point of the set valve
stirceitel 3nef the water hemragrirasivly dpyicenis eaptrgllied ndibreaght
the operation of the structure described above, it is
dodbe loiptimum stroke setingf signal ip s agieclosingrinaet r Asal rgsult, in

short period of tine w thout causing a water hamrer

ahelevepbthdiehe passaye internappessoreboxdderlsthe atibwable
t hereby solving all the problens caused by the

g e P EaT B Wbest st
LOGHIRG SRPYI 8G is automatically modified to the optimum value, thus
completely preventing an expected water hammer to be caused in the
future by exceeding the allowable maximum pressure rise value at the time
of closing of the fluid passage.

[0180] Furthermore, in accordance with the present invention, the
vibration sensor 18 is removably attached to the pipe passage L1, and the
vibration detection signal Pr detected by the vibration sensor 18 is fed back
to the computing control device 16 so that the actuator operating pressure
Pa applied to the actuator 11 of the valve body 10 is controlled through the
electro-pneumatic conversion control device 17, thereby effecting the water
hammerless closing method. As a result, water hammerless valve closing

is achieved without the stroke position detection device being installed in

the valve body 10, or without the pressure detector being installed in the
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detection value P1 detected by the pressure detection
sensor PC and the <closing tine detection signal T
detected by the closing tinme detection sensor TC of
the val ve body 10 are fed back to the
conmputi ng/ storage device 15 so that the stroke
setting signal SG to be inputted to the contro
circuit 13 of the water hammerl ess val ve device, is
controll ed and brought to the optinmm stroke settln?
sPiga&assage hd. s&lpos eltaining th@econdstlcwslrf@s the opfimum water
event that the passage internal pressure exceeds the
ahdromeeirless vahesalasiegr(thed is; dhecoaditiohe ta comtrolttbe acheator
passage is closed, the stroke setting signal SGis
appperating peddsuradai doresspondiritetocopdiemhamiastiess tlosiag) for the
conpletely preventing an expected water hamer to be

CarSed ipihd Passdgé 1L, eth@Xntﬁéﬁ@ﬁ deAsort 1B and iieyvedirputing

maxl mum pressure rise value at the tine of cI osi ng of

EM&E'EHI WedicRafP a4 be 80 %‘r’lﬁt 1#8t6 -anloth fipe gﬁ%@e

present I nvention, vi bration s
L1,
o RO B, Ay 15, 0 e
1 fed b h
Z@HP?LI © BulHEE o d SCRACAPRE Wit the U PSeRCREe wgrf’the
pressure Pa applied to the actuator P ¥ .
b‘ﬂlasat@o ﬁ@sebﬁgﬂ%lns@ledﬁnén@netqk@ormc&@ \frRedy 10 in

conversion control device 17, thereby effecting the
viiedpipe Hiaenpapsage whicksis iyt te ahbi@l operationesnd the walverbody
hanmer| ess valve closing is achieved w thout the

st@ skactpalty vpenatettforcpeoinglavd closbrg mgapplyingl thed i n

t he val ve body 10, or wi thout the pressure detector

beredetdrifiied Padep actdaeolﬁdﬁae:tam% pesssage Palto thp@ctuator 11 of

obtai ning the conditions for e optimum wat er

AR5y 00 S ok s
CRETSHHRAIA VAL OF HR$Ep DREPRINGG s8R Tbf Y 21kép
actuator operating pressure Pa is selected on the basis of the actual
operation of the valve body 10. At the same time, the selected actuator
operating pressure Pa is stored in the storage device of the
electro-pneumatic conversion device 20. As a result, urgent closing of the
valve body 10 can be achieved accurately and promptly by the employing
actuator operating pressure Pa from the electro-pneumatic conversion
device 20 without causing a water hammer in the fluid passage.

[0182] In addition, the selection and setting (i.e., tuning) of the
afore-mentioned 2-step actuator operating pressure Pa can be completed

with ease by actually operating the valve body 10 five or six times.

Furthermore, the actuator operating pressure Pa having a suitable step
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targeted pipe passage L1, the vibration sensor 18 and
the conputing control device 16 can be renoved and
appl i ed to anot her pipe passage, thus making the

devi ce econom cal | y advant ageous. [0181] Furt hernore,
in accordance with the present invention, the

vi bration sensor 18 is installed in the nei ghborhood
of the valve body 10 in the pipe |ine passage which
is put to actual operation, and the valve body 10 is
aeperating popsause &’ f israppliedito ghevadtuaterst ingp ﬂ;atélp@ epphgde
the predeterm ned 2-step actuator operating pressure
Paaltie of ttee pretssatevibidtionf cart be bvaughd tb adyalu® Idwenthahédhe
el ectro-pneumati c conversion device 20 so that the

Ol U BYER thalfiret tusinosihg pf EREVAIVE BOARrEs s UMtds Redkesfit
the 2-step actuator operating pressure Pa is sel ected

O%E()jéshﬁekié%'tcéu%flelg %tﬁﬁttHé‘bpuﬁw @auu@rbfqﬁe BsreVibMfioned

time, the selected actuator
SRl pBATRSH ko 03I AU o Shoergl e e
l t t I f th I body 10 b
HRP BrsERs %iﬂrafef’i' and promptly by the employing

or atln sure Pa fromthe
s3] o SREeimo Bl pormanel compulgr fhsgelection and
causin a mater hammer in the fluid passage. [0182] In
aeriling Sning)©f $he atarenentinnesice-stayagtuator operatingpressure
the afore-nentioned 2-step actuator operating
pPassorke efeced premptyrplithtexdreme ebsecansd algodbe weatey
operating the valve body 10 five or six tines.
Fuamhveriass elodihg device aaorbeopmanatactgredr atdowronsPa havi ng
a suitable step 57 operating pressure Ps' is applied
{184 ack/Hid He Prbseht ibahtidRagBBEH dederibadhwith referbhiee to

pressure vi bration can be brought to a val ue | ower

elﬁ ) )t/?éﬁgé‘%niﬁﬁdlhaﬁtsf 'olf'mfﬁtof%‘?alHQl'y skiPH e &t wilhe

val v IS nma

recognize that additions, deletions, substitutions, modifications and
improvements can be made while remaining within the spirit and scope of

the present invention as defined by the appended claims.
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possi bl e to accurately obtain the optimum val ue of the
af ore-nenti oned actuator operating pressure Pa in
advance, w thout adversely affecting the pipe
passage, [0183] Furthernore, by utilizing a persona
conputer, the selection and setting (tuning) of the
af ore-nenti oned 2-step actuator operating pressure Pa
can be effected pronptly with extrenme ease, and al so
the water hamrerl ess cl osing device can be
NEHUineehtiGre dlafthed @ cost. [0184] Wil e the present

i nvention has been described with reference to

certain illustrative enbodi nents, one of ordinary
skill in the art will recognize that additions,

del eti ons, substitutions, nodifications and

LprQvenent s _can be ile .repaini LL Nl

oy R bt flTRCSas e ST AR ot lybii

by the appended clains., 58 The jnvention clainmed.is: .
PresiTe JA 16 pine RASSAGE BYAN A plet DRBIAtEH tYPSValEg Mgfalled in
constant internal pressure in the pipe passage by an
dbe passage whesein dirsty the valve dordyds miqved inhe vﬂ@ep%%a@e
wherein first, the valve body is noved in the val ve
diresting bydnereasingrotgedreasing $hegrivingdeputdashag t he
driving input to the afore-nentioned actuator to a

fedsientibned achlatey tosan grededermiabd ealuehanddhen| after the
input to the actuator is maintained at the

afriirgy MRt tootRdastahier id Aaintainedaittthé iafre-rbnaticiied valge for
input is further increased or decreased so that the

VAENSH itiﬁket,’ R4 mipg%ﬁhtfig klthér! iRERAsEH ¥ AectdtsddRkihabthe

it possible to close the passage w thout causing

. t L3S id
YR R o L B 8 BRI HosBenions e
passage b% an act.uat or oper ated type valve installed
iq@ssaae without causing water hammer.

2. Method for closing a fluid passage with a nearly constant internal
pressure in the pipe passage by an actuator operated type valve installed in
the passage wherein first, the valve body is moved in the valve closing
direction by increasing or decreasing the driving input to the
afore-mentioned actuator to bring the valve stroke to close to a
predetermined value, and then, after the valve stroke is maintained at the
afore-mentioned predetermined value for a short, the driving input to the
actuator is further increased or decreased so that the valve is brought to a
fully closed state, thus making it possible to close the fluid passage without

causing water hammer.
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the passage wherein first, the valve body is noved in
the valve closing direction by increasing or
decreasing the driving input to the afore-nentioned
actuator to bring the valve stroke to close to a
predeterm ned val ue, and then, after the val ve stroke
is mai ntained at the afore-nentioned predeterm ned
value for a short, the driving input to the actuator
is further increased or decreased so that the valve is
b} ouyrthaddon closing § fleidpassage haxing : nenreersiant pipe passage
possible to close the fluid passage without causin
vintesnalprassure Boas actuatdraapdretedctyps ivatyeansialled ip mg@e
havi ng a non-constant pipe passage internal pressure
lpassagestheabior fireh) ehavelethody iv ahoved inghalvaba ¢losinge
fluid passage wherein first, the valve body is noved
| dirdcfien by iMere@shiy dYdedteasing ited dEVingApEasitAg or
decreasing the driving input to the afore-nentioned
aé‘fbl?ﬁ%rntibﬂe aciifhtér rﬁ-ﬁ% ﬁ%%esﬁo@(e%%é o &
predet erm ned val ue, an en, after the valve stroke
| -
e Bl Rr i, S0F tneh. 26T B G108 SHoRE ¥ fisigottat he
actuator .is further increased_or decreased sq.t.hat t
pliEentiphed fredotprn HEHIRIGE (F s SiprE iBRe e Avunginddldo
it possible to close the fluid passage i t hout |
dheActHptenis fuaher ingEgaRsd ordeqieasretise H‘rat\gﬂ’%é’?ﬁ& ig brought
fluid passage as clainmed in Caiml, Caim2 or Caim
Jowvhiallgicloserlestate, thus makingdt pessibledpeiese thejlid passage
pneumati ¢ di aphragm valve or a constant vol unme and
naithrmlitlcausingstbd watpehammerat i ¢ di aphragm val ve whose
i nsi de vol une remai ns unchanged at the tinme when the
valve is in operation. 5. Method for closing a fluid
passage as clainmed in Claiml1, Caim 2,

4. Method for closing a fluid passage as claimed in Ciaim 1, Claim 2 or
Claim 3 wherein the valve is a normally closed type pneumatic diaphragm
valve or a constant volume and normally closed type pneumatic diaphragm

valve whose inside volume remains unchanged at the time when the valve

is in operation.

5. Method for closing a fluid passage as claimed in Claim 1, Claim 2,
Claim 3 or Claim 4 wherein the time needed to close the valve is set to be
extremely short, and a rise value of the pressure of the fluid passage is
permitted to be within 10% of the pressure value shown before the valve is

closed.
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Caim3 or Caim4 wherein the tinme needed to cl ose

the valve is set to be extrenely short, and a rise

val ue of the pressure of the fluid passage is

permtted to be within 10% of the pressure val ue shown
before the valve is closed. 60 6. Water hammerl ess

val ve device for closing a fluid passage conprising a
val ve body, an actuator for driving the valve body, an
automatic driving force controller for_ adjusting the
& Wvatgrihanamerlgsg yalvaslaviaedfor slasing aéwlﬁbw@ﬁsageap%wwng
stroke detector for detecting the valve stroke of the
\aaVvalee tbody, amadtuatordondrisingdhe yalve hadynwan@utematic deving
openi ng/ cl osi ng command signal S, a valve stroke
detazcéartrolier oraddjistingntteal rividg/ fored tobe immittadnip the@ridator,
SG are inputted and fromwhich a driving force

GDPAIVE IstioRE detéial fo'?'ae'téctmgttﬁétvb% dtfokd dfthe valve body, and
af ore-nmentioned automatic driving force controller so

@é’éntwl%lﬁé t¥S wrﬁ&fjéf vafv et B ﬁ%/%lo}é ern H‘lé?ﬁﬂ digkal S, a

act uat or ter val ve strok ody i's

W 9%5‘3%@?@8# 68 shE $BtfLn JENEIRAE Sy Snal e are
valv bod IS di.a n1t
Tpueand fioeh Wridlie ging ToRa e thap A ST é#*gwﬁed to
pe actuator. 8. Water hanmerl ess val e deV|
chBiatee-MaNtPReGALAMALS GVING forGREPBIRIRHS U1t Jas ¥ Kalyg
is a normally closed type di aphragm type val ve, the
dmdyais sompetely elpsed byétw petuaitonafferthe valversicakerof thayalve
the tine needed for fully closing the valve is set to
Hendyxis meaimtainedhat the settvaluecfontar shiorcperad of tire. Wat er
hamrer| ess cl osing device for a fluid passage

conprising: a water hammerl ess val ve devi ce provided
with a val ve body, an actuator for driving the valve

g@deaf’érTgrﬁé?ﬁhH%H%s Jaivel diidePa s BlaRBH I OIdim & Wherein the
justi
valve body is a diaphragm type valve and the actuator is a pneumatically

operated type actuator.

8. Water hammerless valve device as claimed in Claim 6 or Claim 7
wherein the valve body is a normally closed type diaphragm type valve, the
actuator is an air pressure driven type actuator, and the time needed for

fully closing the valve is set to be extremely short in the control circuit.

9. Water hammerless closing device for a fluid passage comprising:
a water hammerless valve device provided with a valve body, an actuator
for driving the valve body, an actuator driving force controller for adjusting

the driving force to be inputted to the actuator, a valve stroke detector for
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the driving force to be inputted to the actuator, a
val ve stroke detector for 61 detecting a val ve stroke
of the valve body, and a control circuit to which a
val ve opening/cl osing command signal S, a valve stroke
detection signal Sp and a val ve stroke setting signa
SG are inputted and fromwhich a driving force
controlling signal SRis outputted to the
afore-nentioned automatic driving force controller so
tdedectingsa valvestikgyofitae yalve kady and @ eandel sifcuikto which a
actuator after the valve stroke of the vale body is
rvizi et @pperdag/clnsing semmandigighal S aa valyetstigkei dalecton sigaal
a pressure detection sensor for detecting the fluid
Breand kevalve tiheke pettingrsjgredl &G pes ipyttedard faom which a
conputi ng/ storage device provided with a conparison
Grivirny foré® cottblfifg sighat SRUsLABLTESd tothesaferemedntioned
detecting the internal pressure in the fluid passage

1 on
Aol oy g B ool SRt BANR: PO ISodiRbiRedy
By TRl EeF The PAG Rirok R Bie RD S T e
setti igpal Ts are.inpuited, and in which the
éﬁﬁbﬁ%ggﬁﬁgﬁgfhggﬂ?p?ﬂ%gEF&V@!nentioned pressure
detection signal, P1 and the all owabl e ressure rise
val ve s@mreReTeidgiastiomsenser fordelerting, ediig ressirs in the
between the closing tinme detection signal T and the
diremanygide passaga.iang signal TS are effected, a
storage circuit for holding the data relating to the
rel ati oa coneputingrstoregepdeder peovidexbwith laugomparisgrecircuit to
stroke setting value corresponding to the closing
twiieh aapréssureadatatiicrgsignacki deteuotingethe dttenual tpnesswetin the
suitable stroke setting value for the all owable

FIUES pHESadd 86d ¥ahiiey FBhi ihetaferalrdntiBiVbd Préssure detértiong
time setting signal” TS out of the conparison results

ié%n%BE a closing time detection signal T from the closing time detection
sensor, an allowable pressure rise valve setting signal PM and a closing
time setting signal Ts are inputted, and in which the comparison between
the afore-mentioned pressure detection signal P1 and the allowable
pressure rise valve setting signal PM and further the comparison between
the closing time detection signal T and the closing time setting signal TS
are effected, a storage circuit for holding the data relating to the relation
between the pressure rise value and the stroke setting value corresponding
to the closing time, and a computing circuit for selecting the most suitable
stroke setting value for the allowable pressure rise value setting signal PM
and the closing time setting signal TS out of the comparison results in the

comparison circuit.
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conparison circuit. 62 10. Water hammerl ess cl osing
device for the fluid passage as clained in Caim?9
wherein the control circuit of the water hanmerl ess

val ve device is so constructed that the closing tine
setting signal TS is inputted into the control

circuit so that the tine for closing the fluid passage
can be controlled by adjusting the operation speed of
the actuator at the tine the valve is closed. 11

Wat er hanmer| ess cl osing device conprising a val ve

body; an actuator for driving the valve body; a

vibr aWater samsweriess mnsihg desiee dorthet fluid phssameas claimed in
passage on the upstream side of the valve; an

eCettitnr Dwihaesinaheé econfonifiuiti ofths aritéchamaress valvehd@ice is
a val ve opening/closing command signal is inputted

286l cHRERICIEQ M AThE cRiBimG iRt ﬁttiﬁ’%?;i’gﬂhi 19 i@ §riRiHedanfRthe

to be inputted to the "actuator the control signal

Forttqi'chduit '%ottﬁgﬁ t‘ﬂgttﬁ‘ne ?cSrOc!Ié‘Qﬁ% g@é ymu i‘tdﬁ)a;s%\égﬁ%%h d a

conputi ng contr evi ce provi onpari son

cPaiiterby adfktida i 08 Blof sbe8H A afGfid M e the

a Step pressure setting signal Ps to be supplied to

t'ﬁ%"%\&g@?% + a holding tine setting signal Ts for

mai ntai ning the step pressure, and an al |l owabl e upper

limt vibration setting signal Prm are inputted and

whi ch nakes a conpari son between the afore-nenti oned

vi'br diater harmerless ciisipgtievice snthprisingad Velvethady pper

[imt vibration pressure setting signal Prmfor

nactugiarfor drinvdngthe ealve bodegnz dibsatign semessamevablytsergred to

signal Ps such that the control signal Sc conposed of

t the piﬁé @taesag@bhqn@@pbﬁéﬂmrmé ofthes@ilvé;ngh slegtrelpnBumatic
[

and the nodified step 63
conversion control device to which a valve opening/closing command
signal is inputted and which controls an actuator operating pressure Pa to
be inputted to the actuator by the control signal Sc stored in the data
storage unit in advance; and a computing control device provided with a
comparison computing 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 holding time setting signal Ts for maintaining
the step pressure, and an allowable upper limit vibration setting signal Prm
are inputted and which makes a comparison between the afore-mentioned
vibration detection signal Pr and the allowable upper limit vibration
pressure setting signal Prm for modifying the afore-mentioned step

pressure setting signal Ps such that the control signal Sc composed of the

afore-mentioned holding time setting signal Ts and the modified step
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pressure setting signal Ps are outputted to the data
storage unit of the afore-nentioned el ectro-pneunatic
conversion control device. 12. Water hanmerl ess
closing device as clainmed in Claim1l wherein the
conmputing control device conprises a step pressure
setting circuit, a holding tinme setting circuit, an
al l onabl e upper limt vibration setting circuit, a

vi bration pressure detection circuit and a conparison
quepsurergtiong sighal Ps areioutputieddp the é@%ﬁ@ramgnalrf opthg s
nodi fied and raised in the event that the vibration
cfdmsmientioned ebdctid-pieuthatit ednvearsiodi condioy deYicer t he
actuator operating pressure is changed in a step
manner exceeds the allowable upper limt vibration
pressure setting signal Prm while the step pressure

St t iWEtetindithelgsd 8lo8PR ddvich a8 @Iduﬂ\é@ 6 €1aifn | hviR¥6iRtthe

that the vibration detection signal Pr indicated

A e R e ek A
H0R e BEELTh af AAHASI SRRt et B

clo devi ce a wherein t

&y f«'ﬂ@vrb?r@éﬁ% gefivbF couham A Bstpar %%0%%13 gt
a data storage unit to store the c ntroI §%
fanshiherfier presura gianahPeds medjfiedand rajsgd it ' Sventinat the
conversion unit and an el ectro-pneumati c conversi on

wibrationidetedtionasignaldtnindisatashismediately edies theactyatarol
signal Se and an actuator operating pressure Pa are

apepating grédssane ishehariggaah ecstepenanmer exceedatie ahewable
el ectro-pneunmati c conversion unit respectively on the

hasies Iiafit VibratPiresburesdaiingg sigeal Panh, whilswiestehapressure
stored in the data storage unit in advance. 64 14.

fitg Q@HHPPE*?éﬁwda'lﬁ&! A ﬂﬁVérea iif BBV ShttEaBIheARbIsHbAT
opera type valve installed in a fluid passage, an
ASELESH BPRYMBY IR0y Fhitledfbtely after the actuator operating

pressure is brought to zero from the intermediate step operating pressure

exceeds the allowable upper limit vibration pressure setting signal Prm.

13. Water hammerless closing device as claimed in Claim 11, wherein the
electro-pneumatic conversion control device comprises a data storage unit
to store the control signal Sc from the computing control device, a signal
conversion unit and an electro-pneumatic conversion unit, wherein an
actuator operating pressure control signal Se and an actuator operating
pressure Pa are outputted from the signal conversion unit and the

electro-pneumatic conversion unit respectively on the basis of the control

signal S¢’ for no water hammer stored in the data storage unit in advance.
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device to supply a 2-step actuator operating pressure
Pa to the actuator operated type valve, a vibration
sensor renovably secured to the pipe passage on the
upstream si de of the afore-nentioned actuator operated
type valve, and a tuning box to which a vibration
detection signal Pr detected by the vibration sensor
is inputted and which outputs a control signal Sc to
the el ectro-pneumati c conversion device to control the
| evel of a step operating pressure Ps' of the

af ore-nenti oned 2-step actuator operating pressure Pa
st4t hitatehamhertess gosingrdevice comprisingan @éetuater operated
permtted to output, by adjusting the control signa
Sypetviatve?instatieddn aUfldio passqgps, aln slgcipo-gerureaatieaconversion
the step operating pressure Ps' permtted to bringing

t B8vive s ahpgp L2IsesH hStdafdrdpiratig presBERY Pag6 the abtuator

Met hod for osing a fluid passage wherein a vibration
: L . oo
-EPEfied Bpe/ IR FP UG Sy inb VBl LR e il
Flui , . ! (i o
¢ RS R RS el SR Y W PR BB h & BBty Gfbte
trol si | .Sc, f he tunip I.S i d
PRVl AR hinice ok &0 whikies itSalidh Jpiestice T4 FX
2-step actuator operating pressure Pa generat efd in th
efelectast b ieybrationsangef & ipRutied apd wyick putputs a contro

af ore-mentioned control signal Sc is supplied to the
agignak 3¢ ta the elesttiompeumatiscsanvessiob gevigeda copprel e iguel of
in the 2-step operation, wherein the relative

r 2lstap opefatinggressire B’ s obtheaaformmantiofied Zestapiacjuator
pressure Pa and the vibration signal Pr is checked in

t bgertating MPessirs P8¢ titat the pleo-gieurpatis eomwarsioRdevice is
raised In the event that vibration is generated at

t hemhitte t h Ah§ theé BERIRSI Sigh a1 RS S 2-dtap ladtuat
I%ﬁrerlegaiﬁ%?h&édtf%gtema e% while thsgggtep operat?%n uater

PESSHURG pressuré PLWRA ERe Sfp operating pressure Ps’ permitted to

bringing the vibration detection signal Pr to near zero.

15. Method for closing a fluid passage wherein a vibration sensor is
removably provided on the upstream side of an actuator operated type
valve installed in the fluid passage, a vibration detection signal Pr from the
vibration sensor is inputted to a tuning box and a control signal Sc from the
tuning box is inputted to an electro-pneumatic conversion device so that a
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 for closing the actuator operated type valve in the 2-step

operation, wherein the relative relation between the 2-step actuator
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the event that vibration is generated at the tinme when
the actuator operating pressure Ps is lowered in the
second step so that a plural nunmber of adjustnments by
rai sing or lowering the afore-nentioned stepped
operating pressure Ps' are repeated to obtain the step
operating pressure Ps' of the 2-step operating
pressure Pa which can bring the vibration detection
signal. Pr to near-zero, thereby closing the _
@RRrating presivee Pagand theoyibmiionagigealiRrgs charked trtherening
basis of the data of the control signal Sc provided
aoox, lamdta steprdperating pPessued Pepeisaaised ip tles svert that vibtation
the step operating pressure Ps' capabl e of bringing
tisgepenstedtst dne imevivheathe actuatormgmratiey prassuceiPpust ed
fromthe el ectro-pneumati c conversion device. 16.

Neieest frothediresdtag whilkl tHe dtétnepation WhesKire RS’ is lowered in
vi bration sensor Is renovably provided on the

t | i | i |l ed
Yhe %\%ﬁﬂﬁtgﬁo@ﬁoﬁ% @éﬁé@iﬁ 2P tRhE Whih! the adttﬁh%lﬁl e

In t passage, a VI ation detection signal Pr

¢ _ . . fie i .
SRETEbRE pratsig Fag e s sRRH AR 5B Bt ' BILAS tber
I nput.ted t n el ectro-pneu ic.conversion device so
fiStmerts BY riseerdphagan abe Al bR R PEaePpéd
generated at the el ectro-pneunatic atﬁonversi on devi ce
SPRTAENG PHRSSLRR IS o epeatadie %t?t@'ﬁ' egtep org{iipg; rgssure
to the actuator for closing the actuator operated

tRpe of the g-step aperatingmprespunedta wiichwean bring the vibration
relative relation between the 2-step actuator 66
ofeeteatiom gignakB e to e dtazemdtheneby closmig the afeteementioned
signal Pr is checked in the tuning box, and a step

opstuator opepated sysevalye dnsthedasisdf the ddie of tentontrdlatignal
vibration is generated at the tinme when the actuator

0P P?é\}itﬂ@d Bf ESHHE wih the 2-8tepPshdratihg prédsusé Fef With the
while the step operating pressure Ps' " is raised in

:ﬂgpg%t‘%ﬁéaﬂ'{é] Flestli BY Vaphbleds it gddttalibiBr Whkition

to near-zero is outpuited from the electro-pneumatic conversion device.

16.  Method for closing a fluid passage, wherein a vibration sensor is
removably provided on the upstream side of an actuator operated valve
installed in the fluid passage, a vibration detection signal Pr from the
vibration sensor is inputted to a tuning box and a control signal Sc from the
tuning box is inputted to an electro-pneumatic conversion device so that a
2-step actuator operating pressure Pa generated at the electro-pneumatic
conversion device by the afore-mentioned control signal Sc is supplied to
the actuator for closing the actuator operated type valve in a 2-step

operation, wherein the relative relation between the 2-step actuator
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operating pressure Pa is raised in the second step so
that a plural nunber of adjustnents by raising or

| onering the afore-nmentioned step operating pressure
Ps' are repeated to obtain the step operating pressure
Ps' of the 2-step operating pressure Pa which can
bring the vibration detection signal Pr to near-zero,
thereby closing the afore-nentioned actuator operated
type valve on the basis of the data of the control
sbperatingpressre Raland theibrationedetietion gignal Br ispchecked in
operating pressure Pa with the step operating

pthestaning Rsx, araipabtep aferbting prexsurd ©seisdowerezhindhe event
vibration to near-zero is outputted fromthe

etref Vibpatisieisiinetaeanitens tiie WhEh tife adtGatdviipergtingpressure
closing a fluid passage as cl a| med in Caim1l5 or

Cpaiigdile ?’H;ﬁfeeﬁrgt étgg \M’\lfértﬁb ? BFAlin aﬁf@sélﬂ% p4Midehised

box are a wed to reane er t edata of the

Cﬁﬂh%‘éveﬁh&%'w :éﬁ"isf Q%Iﬁé’r%ﬂéd E&p%ﬁﬁémﬁ%ﬁﬁh@%‘%ﬁfétbf‘g

ressure Pa ca eneration
V|bra ion to ne -zero been | ed, t
sPeniagod @é@%%ge 4 Biataddln %Ssﬁ%fmrﬂg S i el pumber
thod or cIo a flui ssage as
CPLASIEARANE Y HieiS G lowesi e (e laieame e S RATALRg
sensor is located within 1000m’n upstream of the
| BregsuEnPaharegepaateddonitain thpsten eeeralipe presseiRs’ of the
installed. 19. Method for closing a fluid passage as
cRsitexe dperatiGggirasdiired?a @Ghidhnedrebring theevibration deteptienisignal
operating pressure holding tinme t of the 2-step
oPetahéagzgroe tirreby Bosirg thetafate-hmestiohbdaciuatecoperatsB
type valve on the basis of the data of the control signal Sc provided at the
time when the 2-step operating pressure Pa with the step operating
pressure Ps’ capable of bringing the generation of vibration to near-zero is

outputted from the electro-pneumatic conversion device.

17. Method for closing a fluid passage as claimed in Claim 15 or Claim 16
wherein the vibration sensor and the tuning box are allowed to be removed
after the data of the control signal Sc for outputting the 2-step operating
pressure Pa capable of bringing the generation of vibration to near-zero
has been inputted to the storage device of the electro-pneumatic

conversion device.
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18. Method for closing a fluid passage as claimed in Claim 15 or Claim 16
wherein the vibration sensor is located within 1000mm upstream of the

location where the actuator operated type valve is installed.

19. Method for closing a fluid passage as claimed in Claim 15 or Claim 16

wherein the stepped operating pressure holding time t of the 2-step

operating pressure Pa is set at less than 1 second.

68



