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 inventi on is concerned with inprovenments in a

wat er emin
hamer e ecd Q‘@%b?gﬁﬁ/ﬁéﬁweﬁ?@ﬁémﬂfwwﬂqgs Valve
or pronlgevige cﬂrﬂs\NﬂgeraHammeﬂepm@hm]g Deeiceridsenin the Method
invention is particularly concerned with a nmethod for
closing the fluid passage that is capable of urgently
or pronptly closing the water passage w thout causing
the : .the water hammer effect irrespective
i £l iive re involved. The present invention
?@@8110 rned wth a water hamerless val ve
deV| an Hé?%nth'&\‘ﬁfﬁfq%mmﬁﬂ wihimprovemeatsiin a water
t he rret hod for dosing the fluid passage. Background of
t he NBARSR PreNention system inswhigh thenwaler hammeheffeat is completely
passage in which a fluid, such as water or the I|ike,

pass@yentedawbian itsgeimtiyipt p;ombttys clbsinge flaidgsaegagel Nerhe present
so-called "water hammer." The "water hamer" is a

pr easenmorefsfmt:culﬁﬂpld‘oﬁébﬁﬁbdmlthfhenfe‘thbcﬁfdrrbléélﬁg the fluid

passage under these conditions in which the preSsure
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co e d to the fl g S are caused by the
2 pfprPaursnvoled, nﬁiﬁ&ﬁssnemnaon fs aké concemed with
upstrea side passage. 1 [0004] Therefore, various
t e® Mﬁ%%@mﬁ%ﬁ@ﬁ’&e‘@iv@ &levias, @i a.)wat@\/fmtnmerless closing dewce

used in the method for closing the fluid passage.

Bacquound of thé Invention
[0002] Itis 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 hanmer effect by (1) nmaking the
time for closing the fluid passage long (i.e., so
dosing of the fluid passage is not so abrupt), or (2)

vi bratin pressure enerated, inside, t
1< S804 | dhessiors, Vardlsdechaiduss ousémen %vefga%go prevent
pass z% or (3) by absorbing the water hamrer using
sepdyalebhgmmes aHaweverc thesedeshniqrag bastcally aﬁﬁr@ﬁﬁ e water
the tinme for closing the passage is |l engthened is
und&emmnagr §ffectry. (J) making thertime fohelosingsthiet fluiti passage long (i.e.,
nmet hod can not be applied to situations where there is
t hesomlosing df tiegfiuid passagefis dpt so abrupg), dr (Rhby Havirg) the
passage. On the other hand, the other two nethods for

avovibrating pressbiccgeReraied intde terpadsagenedased to the outsude by
attachrrents to the fluid passage whi ch adds cost
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beconme desirable even in fields where the fluid noves

wi nied of egentf(bovapid) eloskfy oftherfhiic passagdie Onehewothér hand,
wet type oxide filmtreatnent of silicon in the

s ethiecother two methods f6t avoiding the wgatey hanfher\Béesssarily involve
cl eani ng appar atus devel opnent, or the devel opnent of

chemadmhentsitg thé ﬂ%i&’Bh%sz@éﬁ e OPGS idost Rﬁﬁﬁﬂcﬁhg adystem and
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I[[) 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 developmenf of chemical
lfquid 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 cof presluctior,supgradethe product qjuatity and;redbge firs @mémng/closmg
Document 2 Toku-Kai No. 2000-10602, which describes

PI D imetof elalvesstin @ carthrideswil9 Hdrehs&d fregl8néyEof Vapent
Docunment 3 Toku-Kai No. 2002-295705, which ‘descri bes

a Npmigpeloat val ve for preventing water hammer,
and i'ts control ‘ing method. Object of the Invention
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P oobSieT adiment ° Yokimiantdel No 700085 Which dascribes a valve

an obj ect of the present invention to avoid the

di serften! deyioe; gb) Ba&eq@ Dagument 2re ThisddSai Wo. 3008 H0GR), which
met hods in which the time for dosing the fluid

pasdaspaibes a BlDcontrbymetival and! its Tontrofler: wndy(c) Patent Document
with the needs for urgent or pronpt closure of the

f 18 dToke9ed No. 2002-295708: WiNER deBLfibes 89Kolor-opepatel. valve for

or rel ease, the vibrating pressure of the water
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O 08] is al so an obj ect resent invention
to prOV|de a method for closing a fluid passage; and
a water hammerl ess val ve device and a 3 hammerl| ess

?: @%I n(g gz!vi ge uaied in the nethod for closing the
the flu d pacsage |n022 urgently (or pronptly) close
[oco7] IP 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 hammeriess 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 f | hdrimenssaehsiy dedclaisat il MERIRSS fdraﬂalﬁﬁagﬁ% $fid

and a water hammerless closing device use
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det ermi.ned,. i n advance b ctyal l.y . conducting val ve .
ol o SRIRG due Welly RaBmat arfoch dSeeibeingia vae wastolod dughe fuid
Is operated by an el ectro-pneumati c conversion device

st oPRFRAGEND amMtEstapppergtien. val ve- cl osi ng condi ti ons.
Brief Summary of the Invention [0010] The present

i ni9R0PDbn Hris wlshean abjectiod thé preseind invemtiohdo pabvidea method
a fluid passage by enploying a nulti-step operation in
whifohclosingta fluidgpassagepdid &f whate? Hanwnatess vaiverdewes ¥ad a
is permtted to pronptly nove to a predetermn ned

powdtephamhwsriesaicibsihl deviietisedPin ﬂm@%éﬁidb%? Q:fbéiné‘taﬁlgid

then, (ii) the valve body is permtted to nove to
va r [
| APHESAI QB GaRpToMmIAAN d Sirof o588 the R ads! Winout
ha ucted a nunber. of analysis_ tests. on,the
nelfudhd e Rt Tt Wharain fhe RBRIORS foroBipa o aive
t he. present .CI&éLGg nmet hod. 4 [0011] The_inventors of
t h‘ef‘“g?léts‘@d{s'% tar hatoemer aes detaravingd injadvanes by actually
as a result of the afore-nentioned tests, that the
ustingwalvecclasing testssmthad they aptuator ofi the vaiee batly és

body to stop at a position within a

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

enboi'gfﬁ‘t, ‘E’EI ates to a nethod for closing a fluid

pass B i t h18e inatpls efdhetiasentrinention hbaes voexpeatedly

the pipe passage by using an actuator operated-type

val vEiscR¥erad, 8§ a resultofithe atbrpapeatieneditestsithat theneater hammer
(a) a valve body is noved in the val ve dosing

di r ecan be prevéenteddznspemnittingihenad body be sto atva pesition within a
input to the afore-nmentioned actuator to a

pr edspemific rapgevinlthe firstelep o elbsiy tHe\waigpove menti oned

driving input to the actuator is further increased or

decrpee3gf t Thbyre¥eht MvBnfibls h¥€'b)é8n3:fog1[§hy#e€% &F 4 Blisis of the

input to the actuator 1s nmalntalne
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relates to a} met hod for closing a fluid passage with a
neaPPYE6PR$tARE Internab pregsupe Gtglﬁrépemaslsegpimeusing an actuator
passage- by-an-actuator operated-type valve installed

i n epRfatadstypepealva instaliedbincthe, fluid passage,)wherein, fiest) ¢aya valve
is nmoved in the valve closing direction by increasing

or hietyrieasovesl infthedrdlve olgsingiditedtiontbifincreasing or decreasing the
afore-nmentioned actuator to maintain a valve stroke in

t hedrivitiginpat tofié Sfore MndMRAHRICAALARA t6 & eﬁ}ﬂg@é‘& Value, and

(b) the driving input to the actuator | u
{ ne e ang aLkiFE BeR Eondd drimnSultoTing eitol B L

pr i val ue f.or hor erjod _of tipe, thus

o A 50 Bt 1 3086 0 il e i i o e
cau&i nt% a water (I;(?rmer. .

acluator is maintained at the afore-mentioned value for a short period of
time, thus making it possible to close the fiuid 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

t he ismatntained dtahdigieremditionsd g i i
decreasing the driving input to qr%géﬁr'@ngélﬁeofﬁgg short penod
act gt e, {fisFALRING!1 ' - i

nei ghbor hoggj orT?‘ g*‘?r'@%@?%’?’%‘ﬁe"g‘s :{/eg*ﬁ%el”hﬂdkggs?%%w "(’8}“ causing a

t he i\ ut to the actuator is further increased

or @é{c?\rf(ya%h;e@gﬁo fully close the valve after the valve

str i intained jn the neighborhood of the .

pr egéﬁaﬁfn HZJ e\ PIEFENt 'GVeBt'%dP@C%@F&)W’P Arthird @mkodiment,
maki ng it possible to urgently close the passage

Wi t ﬁ%%@%%m@ methad fak elesingzmfluid passags| witiha norecenstant fluid
invention, in accordance with a fourth enbodi nment,

r el Rresswe by usinghad sctuator operated-typaivalvpdnstafled imthe passage,
accordance with either the first, second or third

enbetienain} firsp{a)td ealvevssty ismovée freihe Vdlge CRIsifg Hiredtion by
normal Iy cl osed-type pneumatic di aphragm val ve or a

co ﬁﬁbﬂéﬁsiﬁ@bﬂﬂ@c@é@in@ﬂe{@ﬂi\}iﬂ% fﬂfg.gqg ’tf:é( Bfore0RERBbA&d actuator

di aphragm val ve whose val ve inhsi ol une remal ns
un : [ I § Sel i

[ oooefatita e ieie CieBReH B hBBHERGod Bt ArORRlefi value,
fif {pent.. . relates to a,nethod for closing,a

r1 o7 BEBIBY IR YriobdnlaTa hetdtetialor Returiies ngiegéa &r
second, tr&l‘ga% ﬁr fourth enmbodi ments of the present )

i ndeRtgased tfuleclosethe valvaafierthevalve stroke is maintained in the
is set to be extrenely short, and a rise 6 val ue of

t heejghboshead of thehpr rhiped valye for spshart pedddtaf tines, thus
within 10% of the pressure value shown before the
vainakirgsit pbesible td 0fjently Uiesatirspaésdgev@ithbahealsing a water

accordance with a sixth enbodi nent,
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 fiuid 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

vl 3!92‘{%*3@88‘?34*? P M Al RPGHAY R it i 10% of
var vER BB yaiB ik J&Fﬁ%onﬁ‘%Yﬂﬁéﬁgébg%tSawgCh )

str tection si nal and val ve stroke setting
Si 92@%1&3 arlde pigse Elﬁ"’ﬁﬁg‘)ﬂhrlﬁlﬂoﬁﬁr@a{m@ with aisighfesnbediment,
contrplllngs nal SR is outputted to the

af or'€laies 9 8 veienbaswaenlessavalve dgvicedocclosingta Auidepassage that
that the valve body is conpletely closed by the

act inglydes:{a) avaivecbody, (b) ah nokuatof fdrideiving the Vv bbay, (b) an
mai ntai ned at a set value for a short period of tine

[ O0@6joratic driving foroensuriticlien forl aUjastiy BRrdrving H}cé to be
seventh enbodinment, relates to a vvater harmer ess

val inputedto ehe BoRRASY (5 Palvilistibce BT Y lvaive

wherein the va is a ragm

ggtesu W‘P%o‘}fg‘j&?ﬁ@?pr es Qﬁ%l %Pcﬁt%?r%ﬁﬁ g‘i’ mﬁter"a% e
e R LRSI SRR ol S ca ValiR ot delerion siarak Sp and

Si Xt ment or the seventh enbodi nent, wherein
t hé(aB’Q ﬁr}goq??o%?ﬁ'ﬂs signal §Grare inpuitieskand frpm which a driving force

di aphragmtype val ve, and furthernore, the tine
ne€aadoling signal oR i&eutpgrttedetoﬂhé aforesmentioned aatorhatic driving
short by the control circuit. 7 [00201 The present

i nfozoe controller st thrat dae valve Bddyeis bompleRINP BRISBEBY the actuator
relates to a water hammerl ess fluid passage cl osing

S%f\t/?ggsftﬁ\{éhiﬁﬁbl\kg 6\F;t6he \?%W@bggygi‘tmg{dgﬁﬁd 4Pk 68t Y5MieFor 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 operated-type actuator.
[0019]  The present invention, in accordance with an eighth embodiment,
relates to a water hammeriess valve device in accordance with either the
sixth embodiment or the seventh embodiment, wherein the vaive 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 valve 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 SRis outputted to
t he afore-nentioned automatic driving force

by 1 1202GL , oo PRAe b v i SerbnySgeih & e sibgdiment,
b? Y 0N Bl Rt i ediReny %ﬂgﬁ@&?@tﬁ%‘n&nees
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Fi et R By (B ek alag RN sk deloctot for
Sii f‘?%‘a&"’*‘s‘fﬁﬂéﬁéﬁﬁﬁgﬁﬁ* et %Jvfés eenirpfgcat i hion a
t he a or‘gpéht Jrﬁ,g'o%@% c&é’f%@ﬁﬁ'ﬁ“@’i %rf’aYa ars'[é%gen?%géhv\g‘ signal
1? Iulr fe congg{f%essg 5‘9\%%@ §2§ %%?:a'ﬂgi‘é%‘?g‘g‘} frgfl‘l\?/légfﬂgh a
ngﬁﬁﬁ%ar i ST Bip teiielsp o o daioned adiomating
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7 or *BPER AR e SR e v body SuBhimiaing vt value
forgel Bl ovay Qggﬁﬁeayggu;é g cefomaenspe ansetesting e fuid
C ormgés'usrg i heeSHr'.rhng sr}det Bgss%%gpggcli Zoc:rc])rrfplurtlggllsgorage 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
5etween the closing time detection signal T and the closing time setting
signal TS are effected, a storage circuit for stoﬁng 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 enbodiment, relates to a device in accordance
with the ninth enbodi nent, 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
time of the valve closing operation. [0022] The
pr esentnashseitable stroke selting VelR@der e HllcWabke F?&BE% rise value
enbodi ment, relates to a water hammerl ess cl osing
devi cesdtling signal PNEsad thHelosing ﬂhiéesélﬂ?% sight) T%‘ %u% of the
actuator for driving the val ve body, ) a vibratron
SensorcompaisY rbsﬁl@é?idrtﬁgobﬁlda'(ﬁgc))ﬁioﬂﬁu assage on the
an e

upstream si de of the valve; ectro-pneumatic
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openi ng/ cl osi ng conmand signhal 1I's 1npu

cont r eblated toas HEGEStn a&ﬁ?{)@{c{eﬁgﬂtg gﬁﬁ@p-ue?ﬁéﬂ@ﬁle%g wherein the

inputted to the actuator (

st o eohtfof diRuftef the el AimitlbAeds VA A0GE gﬁeg?é&h&ed that

conmputing control device provi \ :
CONPU§H a1 ' j Vi bratiqgn etectiaon, |
‘i gnaf”%?°$'b%?n’*éénz&§?%?fgﬁﬁgﬁ? i'soweaheﬁ E!?‘B?‘i‘%lﬁ?@gﬂ%ﬁ%";ao that
step r ' gnal_ Ps to,be su jed to the
act uay % rt?ﬁg %@?’%ﬁ% h{‘]"lgfhéd %gﬁstEfQ%ﬁa% Pg cantr Eq‘l?jf adjusting the
mai nt ai i e st pressure, and an_al | owabl e upper
i mi t‘?d\ﬁ? %{‘4‘%‘{ %M%‘f‘ﬁ?ﬁ&ﬁa%@ fh@#’ﬁﬁ;]%?fef?fervabﬁtfé@m azeraﬂon.
whi ¢ S g _conparison hetween the afore-nentione
vi br g?ﬁ%ﬁe de?@% P%?"&I"gﬁﬁi'mw" areordanee with @negleenthper
limt vibration pressure setting signal Prmfor )
nodi Pmbﬁﬁ{ 'mgng felatgsdg awates hammenlesselosing davicethatuntiudes:
that the control signal Sc conprising the )
af or E)eKei8hedyH) anagtuaterdos dtivingdhe vghvelbotly, @hd vitiration
modi fied step pressure setting signal Ps is outputted
to t HRNSPAFaMovablygecured fo the pipe passage on the upstream side of the
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

a vibratiaon
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t he regsure setting signal Ps is nodified and
I owefthﬁg?ﬁ tﬁée glrsgnt inNgntiom dn aceerdancnwilk adwelfimnembodiment,

signal, Pr indicated i mediately after the actuator

oper &¢IAIRS t9racdeNicein accardangiet withy thecelovéntb enibiveliment, wherein
internmedi ate_ step operating pressure exceeds the

al | olfiempiling contrel device catrprises prstep prezsagrs $etfifg circuit, a
signal Prm [0024] The present invention, in

ac coheldingdime sattingtdircuit,camalowabib agperiithit vibeAtRIngSrek Surd
device in accordance with the el eventh enbodi nent,

wher#atiing biecui!, eotibratiom pressure dewetian sirdUk, 8A8'E &mparison

devi ce conprises a data storage unit to store the

conteoshpuingradculficarid then St présaiig! Eél'ﬁﬁ% SRMEl P iMEdfifed and
a signal conversion unit and an el eciro-pneumatic

convaised imthenévent R tieS VibPaticH detBEGSn Q@ﬁéﬁ‘fri ifdicated
pressure 10 control signal Se and an actuat or

i t i -
opeiratriedintely feH e Rualf opEiAling Jﬁgﬁgnlg? Fgcd?:%' egj' i irég%tep

conversion unit and the el ectro- rs

g(r:ll h}aéi;\éﬁ gﬁt\f;\é;aétdgfthﬁ gﬁﬁg{%ﬂl‘é R i i3t RS Ote 84 Pl&lsignal
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. [00251 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
actuator operating pressure Pa to the actuator
operated type valve, (c) a vibration sensor renovably

Focur eckohtol iR 3R R0 SSatiRE bS8 S Su8 gyt fom
Si gnal 5 “BEERRYGAHORE Snft e BoBlo i odversion un
e G e e T R

I I St t re Ps' of th

at or - 121! BB SAHRIR IR B NgBerat 1 g or cosur e Pa

SO thaﬂooggf bectro- neumati c_conversi on device is

perm tted to i ?B[ﬁﬁefgnggﬁag.ﬂp R§condanep withas fatirigenth

Sc, t -step, act yator operating pressure Pa with the
step [)bg'él%%(f"i“ﬁﬁt' £71gres top, wates hamraedessiniosing dgvickdhat includes:
vibratjion detection signal Pr to near-zero. [00261

The pl‘@)s%‘h?df“ﬂ(:?é PPeEHeditypevalve instlledvin atfluid passags(b) an
enmbodi pent, relates to a nmethod for closing a fluid
passa§Ectigrpnieymaticoonyersiomdericeto suppipa 2-steparvtstbi dperating
provi ded on the upstream side of an actuator operated
type PEsure Patathecrtuator bpefated typpambey ) « bibration sensor

vi bration detection signal Pr fromthe vibration
sensofemayablysacuert tothe pipe passdgexon thecupstieatn side of the
control signal Sc fromthe tuning box is inputted to

an el ¥ete-weptionathadtuator opeedtsd t/pedeve; andqdy Batinfg box to
2-step actuator operating pressure Pa generated I'n

t he evhich avibpatinmdéiection signabPodetderdddy thi Vithation 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 é 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
between 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 tinme when the

act uat conte lgaial 86 fiohPHeUuRINGDox i€ idd e ainrblé&F‘o-Pneumatic
first step, while the step operating pressure PS S

| over egbriverdibie devied ko tistia Ziso gér%tglé‘tgg ﬁggrgag’@é ﬁg%éﬁ% Pa

the ti me when the actuator

L ower afbricfatbitn BRAABEShRELMAE BafivdtsioRdd e dyERET Of

adj ustnments by raising ower I ng i oned

step %&bﬂhéﬁﬁbr@m%?sﬁéét §% E {Lﬁ)@ﬁ%& Ec?g]tgo%cggétglf Fq{&?gsing the

step operating pressu{r?e_ b bt o ot et i 0
Pr essyggy rBa 3 Etey| -
si gnal Pr ?odﬁrﬁyear - zero, é‘*’%g‘ré%ﬁt%? 89?%’%‘{1 erein ih: relative
af or ep ' t Qper at ed- t val ve gn the .
D o it Betee the' S <ibp SRGRRA Gpetatd gm%e%?aﬁ;@@osupphed
at t ' t 2-St eratin ressure Pa .
wi t h hdéé@%@ﬁ%@?&#’ﬁﬁ?&@%ﬁ%?gﬁgﬁ% [cbegked in the tuning
bri ngi eperation of vibrati,on to near-zero, is
out pu e&@?ﬂ##& ORGrRUNG presRE ey i i Q_?dﬁﬁ@e'ﬂéh% gvent that
device. [0027] The present invention, in accordance
Wi t h b QL‘?& Ee‘}ﬁfl‘?f aleg hertime when t)ﬁipmwgigaomho@ ptessure Pa
close a fluid passage, wherein (a) a vibration sensor
isr é@%ﬂl%&s\ﬁ%ﬂ%mmha p eperatinglpressusmPs’ is
actuator 12 operated valve installed in the fluid
pass g{?\@,r ed ) the eyest thatyibr atiareistgenerated mathe finefwhmn thee
vibration sensor is inputted to a tuning box, and (c)
a cofftaior oppting pressure Ma indowenetrin thmsedand stopiisbatat a
to an el ectro-pneumatic o
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 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




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, and

(d) a YpRPatedRBIAIihAHIET FAY1Gid Fassade, BYE iffalidh i0Ection signal

event that vibration I's genera

the acipatsy | is raised int

rst Faroe oo RioR SRS e b3 fAkedin, apd ) acontrol
rai sedgi i.bration.s nerated at

Che o1 el SErBEtHe diib pokiRitidf so andiediiapmamatic

rai sed.] e o.that, a, plural  nunber of

) ust oeiersify WFRASTHEER 2Rp Ariigidiporating prossure Pa

af or e- tioned . ste erating. pressure Ps' are

r epeaté%{%r%%gb‘%zﬁ% e q’fg%’scl'@ﬂ"@g'@r"&f‘yﬁ@'%} deviep by the  of

the 2-step opgratin ressure Pa which can bring the

vi br at%%B'}?D*a’sﬁﬁ%@?%ﬁg@r ‘8 Fnabpc issuppiied te the actuater &myclosing the
cl osi na%ﬂ}a?e af ore- menti oned actuator operated-type

val ve Heopaiatadlype valye igai2step apetiosnwhereis theneslative
Sc proviéjed at the tinme when the 2-step operating

pr ess{flatignbgiwaen the Zstep ashatern opagatingprasserea and the
capabl.is of bringing the generation of the said

vi br aVieGtionslatectianysigaal Ards checkedtin ¢ble tunimg boe and (d) a step
el ectro-pneumati c conversi on device. [0028] The

pr esePRerplingpressure Pa’ ds booveated irethal évent e VbR RATES henerated
enbodi nent, relates to a nethod in accordance with

ei t heat thadinte wheme thehactliatoe wpecdiition presyuré P is irXEEE I the first
enbodi nent, wherein the vibration sensor and the

t uni rfemonhiter theatépuperating pressarepPet iaf4iséd e SabaAt @bt
the control signal Sc for outputting the 2-step
oper atbratiopisegehigratetat P fipkevitdn the 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
wi thin 1000 mm upstream of the |ocation where the

act uat @nbodipard oe the sigteenth embodinmemty wkebin HROMBRatbR%ensor

present invention, in accordance with a nineteenth

enbodianshthe tuahgtbes dre aiowetho beirBrvea HaPAR Wi
either the fifteenth enbodinent or the sixt eeérgéf'%rbﬂheoontml

enbodisignal Scfbeoetputtingethe 2estep RPefitingtbreBSHie PY gi%abﬂ% of

holding tinme t of the 2-step operating pressure

set abrihging the kenetatidAGTVibrafioW Slhediddrd) fas Baih %ﬁuv\tﬁdl to the

features and advantages of the present inventio

T ostratve Exboa rence PoaLaty CRRGER A

cons ey | ThelgBSettih i, A Bsher U B

oo abodincht, foitd e dRihed i 365rlor A bk W eentn

1 oot T I ERL S ' SaRCHH kST oMreth g ibrallon sensor i

and (B e Ry 100 Doaharh 56 iy Bpelion whers weactiator

o1 angPore WY b2 3 o out put pr essur e Pa

(kof ﬁfﬂﬁ'] G)Tﬂenprteggnt 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 harmmer in the fluid passage.
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el ectro-pneumati c conversion device 5 of Figure 1.
[0035] Figure 4 is a diagramillustrating how the
internal pressure P1 in the pipe passage L1 upstream
of a valve changes in the nulti-step type valve
closing with the internal pressure Pl in the pipe
passage LI being kept constant when the pressure Pa
for driving the actuator is changed wherein (a)
illustrates the case where Pa is closed from5kgf/c M

Pa 1 [TEq IR ZR gt e diZiing i oo Bhaicebcspoeumatio
| ower ofPVorbiBh oMo TR 157 g 155 R Seyiis nerain (ki 4 hpsic biock
il i Pais | d i

trom 89 HE (GERABRR feofan” 11 Letrates the case

wh ' d_in. st from5---1.62--0 kgf/
'S CIRIE PR Bl BiSernE touliiraln heetiarsbetieen an input

in stesﬁ)s f'ﬁl m5->(()[JI. 50--0. [0036] Figure 5 is a diagram

i |1 ustYHd §"Pﬁ‘ﬁe" t8pa\) rdramoweutessutePa dkafid mig: G) in the
pressunie Pa to the actuator and the pressure rise tP1

i n t hE'eGorRnewRalic ¢apversiondeyige firefikigutect.i nt er nal
pressure P1 of the pipe passage is kept constant.

[ 0037f0fﬁ5éur digured is aidiagramiliustrating howrthe linterreal pedssare P1 in
stroke AG changes in the nulti-step type cl osing,

wi t h theePippassrge bt upstreamiof atvaive chargesdn fie heilthgtep type
kept constant, when the driving pressure Pa supplied

to 15valyrclesingawith thesintenaalgeessure e in tha)pipd passagatiasbeing
the case where Pa is changed from5kgf/c m- G ?full
openikept coostan{ when the preissge, P4 r drivingstheidtsatbh® changed
case where Pa is changed from5kgf/c m G (full

openiwhgreingall illakgates the Eade WherdPAiPEI8sEPABI SRR - G directly
then to O (full closing), (c) illustrates the Case

wher ¢o Blag,i (b) flnatigRe the caseWhetd PRIiS towerB frdth KSkific | - G to
G (d) illustrates
1.9kgf/c it + G and then to 0, (¢) illustrates the case where Pa is lowered in
steps from 5—1.66— 0 kgf/c nf - G, (d) illustrates the case where Pa is
lowered in steps from 5—1.65—0 kgf/c nf - G, (e) illustrates the case where
Pa is lowered in steps from 5—1.62—0 kgf/c of - 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 AP1in 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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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 fromb5-X1.62---0 kgf/c m G and (f)
illustrates the case where Pa is changed in steps from
5-" 1.50---0 kgf/c m G [0038] Figure 7 is a diagram
illustrating the rel ationship between the valve
stroke LG (m”) and the pressure rise LP1 in the pipe
passage L1 during multi-step type closing where the

i nt er ndhe pek@SHIe cRanded WhEreM ulld%”tﬁ? §$ g@]qﬁa Pais

constant. [0039] Figure 8 |s a |agram

how t hehanged ﬁér'n ﬁ"é%‘r G ype 20 J@el (?lﬁl cggsmg)g?b) illustrates the

changes in the |-step

Pa=5-' g4

(|a e., tﬁwrﬁ{eeﬁgéﬁa ssureﬁl}%EJ R"?h 8}5#8&%&@5{9&&?"9&“{ :
kPR et L) BT e sl cse
|| ust

e {58156l it ) mutes
|| ust Pl 3k

Fi gur chgeate ”h%?eaé’?iic%””esiéq &G TeHe -+ L6tk b - G, (o)
bet tuat P dth

val vo shiafes GEHEE Fhere PP BnBngad insiopsiremdiTr1(@9—0 katlc
|II_usQri.gfe< /J] ﬁ e where the tank internal pressure

PT is rf “%"at?%ﬁ'q t3sgWhered?a isinhapged imbteps from 5—
PT:ZEH Rbfa (c) illustrates the case where

PT=1 %/ /‘Gm Figure 10 is a di agram

illuiqsh therelatlonshlp bet ween the tank
i nt erl?9 *)r eElgyre 7 pragliagrancillustratingcthe oglatiarishiigbetween the
pressure Pa, which can £revent the wat er hamer
ef f edfBlVfRtfoke; KG (amjeandstheutspssitre dist 0AFein thel bige pastRge 1
type closin

during mu gltt-step type closing where the internal pressure P1 in the pipe

passage is kept constant.
[0039] Figure 8 is a diagram illustrating how the intemal pressure P1 in
the pipe passage changes in the multi-step type closing (i.e., Pa=5—1.65—
Okgffc uf - 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 ni-G, (b) illustrates the case where P1=2 kgf/c
nf - G and (c) illustrates the case where P1=1 kgf/c ni - G, and (d) iliustrates
the case where P1 =3kgf/c of - G.
[0040] Figure9isa 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




[0042] Figure 11 is a diagramillustrating the
rel ati onship between the valve stroke LG and pressure
rise IniP 1 in the pipe passage with the tank
pressure PT being a paraneter where the valve is
subjected to the multi-step type closing. [0043]
Figure 12 is an enl arged/ expanded vi ew of an i nportant
portion of Figure 11. [0044] Figure 13 is a whole

bl ock schematic diag&an1of a water hanmerl ess val ve

devi ce3kgf/art o fndBustrates thescaseasisere RTrZkdffon + G, and (c)
[0045] Figure 14 is a whole block schematic di agram of

a firsilusteatss therease wheteRT=tkglien! oG.vwat er - hammer | ess
closing of the fluid passage in accordance with the

pr eserfi00#M) enFigure 1De4&fagraguitestidiingthe rala@éﬁsmﬁ Bétveen the
schemati ¢ di agram of a second enbodinent of the

devi cdahlointeratbbpresaonePT and thé asiuatbrpetdting prebsure Pa, which
passage in accordance with the present invention.

[ 0047]cahipgevent Hte patot HERBmEK BfféR AHUr tE & #sdbjected to the
illustrate control of the actuator operating préssure

Pa i nniulirstep tpe cldsinggnd an exanpl e of the generation
of vi bratlon provided in Figure 16 (b), in the water

hame [doeg re e 195 aFdl ﬂiﬁstrﬂt?ng @Q?QHI %H{J ?:eween the

is a whole sys emdlagra ermtlc

the Wahieé shEKEEA S P*é%%hfégnéée\ﬁﬁﬁ i Chi gé %%?g@@%ﬂ the

a third enbodinent o e present i nven
S ks POl W e
cert %Ult@@ﬁw&i{)&n&f the present invention.
[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 15isa whole block schematic diagram of a second
embodiment of the device for water-hammerless closing of the fluid
bassage 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.
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[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

accordance with certain enbodi nents of the present

i nvention. [0052] Figure 21 provides an expl anatory
drawing to illustrate the relationship between the
driving pressure Pa and generation of vibration in

the auto-tuning operation. [0053] Figure 22 is a

di agrafa i ! : ustrating the relationship between the

step p r e FHGYIE; Tgista whole system Hiagsamschematigaliniliysirating
pressure Pa and the pressure rise value AP. List of

Ref er eli€aVaigh haevegressilpsingdevice i acemiame wigh adhisd es

the internal pressure of a water tank. [0055] L1

desi grtiPBedimant gé thepresget inyentiomam of a val ve. [0056]

P1 desi 8nat es_an internal pressure in the pipe v
passad@049] 00Bigure 18 isia schematic deawiag taf heoPCoresart display of a
pressure. [0058] Pao designates an air supply

pr ess dvring boggsatidedirdasiogdariceswith vedtaia estbotiments®f the present
[ 0060] S designates a val ve openi ng/cl osi ng conmand

si gnalinventiof61] SG desi gnates a val ve stroke setting
signal. [0062] SR designates a driving force

contr {0050)g <tigaal 19 is[DOO3k sErerflatd giagiffA oft aM @atero-pneumatic
stroke detection signal. [0064] 1 designates a water

t ank. cOM@BSibn Uedis ig eberiancs With@Re ippésdit ffentibdi Ng

the water tank. [0066] 3 designates a pressure

Sensofoo51]  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 vaive.
[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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[0067] 4 designates a valve. [0068] 4a designates an
actuator. [0069] 5 designates an el ectro-pneunatic
conversion device. [0070] 6 designates a valve
driving gas source. [0071] 7 designates a signha
generator. [0072] 8 designates a storage

oscill oscope. [0073] 10 designates a val ve body.
[0074] 11 designates an actuator. [0075] 12 desi gnat es

an autimatl c driving force controller (i.e., an
aut omaf9@6 Wr es3 ur designates|a walye opeoingicldsihglesmaat! esfgreal.

control circuit. [0077] 14 designates a valve stroke
det ect BOGH]. e SG a designatesna valveetioke)settingigal 15

desi gnates a conputing/storage unit. [0079] 16

desi gnb}62]a & designatesrat daving éorce eonfroMiePbigha.
desi gnates an el ectro-pneumati c conversi on control
devi cef0060] [ 0891] desigdatesgnedies stroke HeRictiGOMsHRAB O -
[0082] 19 designates a tuning box. [0083] 20

desi gri@064] an1el edésignatos @katee tafkover si on devi ce.
[0084] TC designates a closing tine detection sensor.

[ 0085][006%}esi Pnat desighatboaistirde R predstifiting %éwa tank.
[0086] TS designates a closing tine setti ng SI
[ 0087]0086]des3 gnajedigriatd 8 predsurdebRssd on Si gna'
[0067] 4  designates a valve.
- [0068] 4a designates an actuator.
[0068] 5  designates an electro-pneumatic conversion device.
[0070] 6 designates a valve driving gas source.
[goz7z1] 7 designates a signal generator.
[0072] 8  designates a storage oscilloscope.
[0073] 10 designates a valve 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 designatesa computing/storage unit.
[0079] 16 designates a computing control device.

[0080] 17 designates an electro-pneumatic conversion control

device.
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[0088] PM designates an al |l owabl e pressure Ari se val ue

setting signal. [0089] Pr designhates a vibration
detection signal. [0090] Prm designhates an all owabl e
upper limt vibration pressure setting signal. [0091]

Ps designates a step pressure setting signal. [0092]
Ts designates a signal for setting the tine for

mai ntai ning step pressure (a closing tine setting
signal ). [0093] Sc designates a control signal. [0094]
t desiiﬂﬂi{ﬂs ti8me designatesna xibmatian seéregorpr essure, and

[ 0095] Ps' designates Step operating pressure. '

Det ai | E¥82kpl 4Rat desigoatesteetumivgebox.on [ 0096] The
apparatus and net hods of the present invention pertain
to a [RA4B3} habnmedesigaatesiarceldetrb-phelifiatie cBAVESIGH device.
fluid passage and various nethods for closing a fluid
passad@f8dhe &Bpardesighateia ehisiugitimerdeesitiohensbf

accordance with the present invention, are descri bed

wi th [0@85] erlTe tdedinates absing il de@clbieERha | | ke

parts are designated by like 20 character refereénces.

Pri or [0a8eJescrs bi désighstes 2 &Bin rlkn@s%t?ihggiqqﬁfcri ption
|

of the observations and principles ap n'the

devel [qosapt @1 tr&s;#g%fﬁgﬁggtg#%b%‘@mob%\@?@ gation

and Observations Per . oW I N assage
009 o081 481 SekBtS6t PR o)Ll g ot
oo - cpt e OB AR AR AT
In te0ddPW PASS UeSigndtiChn gﬁg\%bl\éhu%rﬁetr Hr%itfvli!?r\gti R ?)?gsgs%re
sefting signal.
[0091] Ps designates a step pressure setting signal.
[0092] Ts designatesa 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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iIs swtched fromthe full opening state to the full

closing state by enploying a pneunmatic (i.e., air

pressure operated) diaphragmvalve. In this

di scl osure, the "full opening state" is the state of

the fl ow passage where flowin the flow passage is

free and without inpedinent, such as when a valve in

the flow passage is fully open, and the "full closing

state" s the state of the flow passage where flow in

the fI SPRREIglereaces., £rios e Heseribing theriaventian, a brigf description
in the %how assage is fully closed. Also, the

i nvent 8 N&tions and princiteappligdin des dewelopmentsf the

in the flow passage when the fl ow passage is in an

"i nt er FYENEQREfollowSe, " which is the state of the flow
passage that is internedi ate between the full opening

state and the full closing state such as occurs when

a valve in the flow passage is partially closed and
t her eflBrestigation ahtl Ohgwevatidne Fafailing to Flov inSFIBWIP 4584k
di agram of the testing device used for investigatrng
t he prl088T e loladeet ihhedtigats How & \ateR hYHNYE: ik Radséd B1Y
passage is switched between the full opening state to
the fgenedtedimibeshaisture20r wateh sappliihBe r Siconductor
internmedi ate state (also referred to as the

"1 nt enveifateringOEQUIpARNE tAé fvbnto?s h§@%ﬁ%& Eg@ %Sers:rgd

the testing device Includes a water sour

2 of preskutedcHapled/ig e |
ar aPiged lire Bl dw bags’édé? Wé”ﬁfé&eﬁ %@gﬁienath?iﬂgw passage

pressure sensor 3, a valve an euna
S onar penerator ey obBHg sl AT ARLSERe By coioying
ank 100 et fef i figasureoripar uBPulet VSMEG e

Senst 1 tne e PASRRR SRR %%gé%@&jﬁggﬁ%g%ﬂtasgb where

1200 iy RE T3 OLSE) bR SER, LU Bhen

the el ectro-pnedna
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 pattially 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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5, which receives signal input | fromsignal generator
7. The electro-pneumatic conversion device 5 is
powered by the valve driving gas source 6. The
storage oscillascope is connected to receive signa
information frompressure sensor 3 and to receive
signal input pertaining to the state of the

el ectro-pneumati ¢ conversion device 5. [0099] The
water tank | is provided with the capacity of 30

li t er swan@ér Witho@f arfinf&Hh g4 ' ! “hithedi
is used to store about 25 ﬁ ﬁ%(lteérté %SB r?%&%lhég%%l{@g lhpetmedlate
wat er gendiRy Statd"her gl t s | 1S .
pr essuﬁ znz‘? by Klz,ﬁga ?VEIPEI g\@%ﬁ}g { h@glg?%t§1§uq?\'f§t inglydes a water
SOour cgggk 1@ ' ' le wthin the
range of 1b€)§9&§%&%§%ﬁ%ﬁ%} l}eggg#égg&\ggﬁer ks @ pressure
capabl i N ter or noisture pressure
oot r £2nor 3. U 1 SRSl Bt e R 96¥ias. a valve
di ffugi; ' tor.-type pressyre sensor is |
erpl oo REE HEREE gt BenBr95  phd aiftaipee AsrilseRpe 8. In
pneungLi lve is used as the valve 4, and the .
Speci Pritluish € sl & anseiedspithauatariizn f spcas tornsovide
pressyre 0.1 MPa, . 2 ii) fluid outlet pressure
0. 3VPLU for pressyiizing thewatentanke Theruessusm seaser 3islapanected
0.27,, (iv erating air pressure 0.3-0.6MPa, (v
tolgelba s pssy
mat er PACESE] REssE ipdhe Jawnassage upstreamwf alvie 4. The valve
PTFE .for a valve body and PTFE for a diaphragn), and
(vi) 'SiFonpRGted iipageentrolied hyntheriectenypnéumatimeonversion device
other. words, the valve 4 is a pneumatic di aphragm
val ve» Whigh feseivgs signalinput t fiem signalyeobmteny st e, and
has a val ve body made of synthetic resin. The
di apRlesgRrRIaumaAtisadpvessian devdce Byis powerdditst ihe Valie@rivihg gas
springs (not shown), to normally rest on the val ve
seat sewcelfat Thestomge esdillascopms istcdnnedtet o réivecsighad
state (i.e., the fully closing state). An actuator 4a,
conriafarawtion from pressure sensor 3 and to receive signal input pertaining 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 25C) 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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valve 4, is operated when pneunmatic pressure for
operation is supplied by the el ectro-pneumatic
conversion device 5 with the result that the

di aphragm val ve body of valve 4 is noved away fromthe
val ve seat and nmmintained in the opened state (i.e.,

oo TSR RIS I e G oo
oSO 7 47 Bl B TSR B e

pre e faor operation supplied by the

el e?%-%@ﬁﬁ‘ﬂfﬂ e higipid Z’r‘gi %kgéeff?r ag/alve; body,and BTEE for a

4a f‘fé& ogeni ng the valve 4. [0102] A person of

or didRRFagm), ang (v} Aa ingide diametes obthe passagetisidmins In other
within the scope of the present invention to enploy a

nor Wrds; the valve 4 yoa pneumatict diapiagph valyethial igsdrmally in the
repl ace the afore-nentioned nornmally 'closed-type

pnefilijitalasedi state, amd had @ valgbddyermpasorhAtRIRUSEIR The
substitution is nmade, the valve 4 is cloSed by raising

t hedippheagmh valvels®Bpie" fgeHPHY 'tr%ieigeg% ftg'gét%E gph@g% {#ot shown),

because the val ve is constructe

di &bh’fo@ﬁfé‘lly%éieorp%\’/élt%% ‘é%gfgo 1 ?Sraﬁ)ggtf fsgﬁafcﬁéﬁ%d% the

springs (not sho Nnor M

val j n val ve i.s intained in

t h(g G;Spenegtes{?{aat"gthf {E@' ?"%ﬂ% ?tah\sy gﬁﬁ‘e?ﬁqﬁ@{?’ggét gonnected to
[O I t he ,el ectro-pneumati c conversi on device 5

i s 17%@%4‘- *Ig %Psrj%sf’wae'a PP%BWQ%E PERSSre for operatign is supplied by
pressure) to the actuator 4a of valve 4, wherein the

dr ‘ﬁ@%PW%W%%m&&mﬁ witipthe resyht ghat the
directing (or setting) the degree of opening of the
vafigghragm yalus bogy of yalve et isimoved awag frorh ithe valve seat and
conversion device 5 provides the driving pressure used

t om@éntainkd is the epehetifstatedl.u s eftheSthefully opfidg'state or in an
opening state, the fully

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
jpneumatic diaphragm valve to replace the afore-mentioned normally
closed-type pneumatic diaphragm valve. In the case wheré 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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closing state, or sone internmedi ate opening state. In

the test device of Figure 1, an -electro-pneunatic

conversion device 5 of the construction illustrated

in Figure 2 is used. [0104] The el ectro-pneumatic

conv atithe ditpHragh vENBol 'sF'.g,\éhe )of spri

operate as follogs. When tﬁé ? putbgﬁ@%gkﬁﬁgﬁéégcﬁspnngs(not
ir.s

el bct 1 or e et POAS LBELS vBeRhl i Hisths e vave i
n i b&hed vi ded he val ve drivi
gas ‘SRTHAHES frung Sofiel Bl . e Bl meoinasiaia (he.

val Thi ofption of pressure C, supplied to

e :15) 40 T8 e e atierPRguRtatis nasiversil device Fia usedio
thro%h tge, air supply electromagnetic valve B. The

out FHPP-2 dEMINg eSS (be., iair pressure) dd theaktuatortdzeof valve 4,
control circuit A through the pressure sensor E, and

cor Whereiprthesisiving pressureecerésmdrats tordri inpubsighgf dirécting ( or
pressure Pa, or D, corresponding to the input signal

| i settiog) theddegrecrofmipenirdy ofthéaddlesat BsothBr WoRH the

el ectromagnetic valve, Gis an exhaust, His a power

soueleet datics videds Brovi
£ e eetro-pislsalicotuehioR deviied Brovides d GNIAY redhure used

I NAoiset! S | t [ { valtage t

ST o e e Statp f e WARE'4, Soft e 3 RL psiind BESacthe Tuty
Fi b.s.a- diagr illustrating the |linear

Fefsind stete oL b ARG e et Spebihg alate. (I the test daice of
VOlﬁ VvV to {?P: af ore-nenti oned el ectro=pneunatic

co \@ﬂgi%@% E’@ﬁ)eumﬁ}'qu(ﬁwpmdqw&@ of thereonsdruction
D). *n accordance with the above description of a

nolli8 rPV‘ﬁ!"dg‘GHf‘%?p%US%eurrati c di aphragm val ve, tthe
valve 4 is maintained in the fully opened state at

t hEO04hut The elegérophedimatic converePsliass Slkovr fh ig)ure 2(a)

operating pneumatic pressure P= about 5kgflc m -
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 fo 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,
correspohding to the input signal | is reached. In Figure 2, F designates
an exhaust electromagnetic valve, G is an exhaust, H is a power source,

andJ is an output signal to correspond to the input signal . The output




[0106] A conpressor is enployed as the air source,

i.e., valve driving gas source 6, for operating the

val ve 4. Thus, the conpressor is used as gas source 6
to supply air with the prescribed pressure to

el SRfriaP JABE tHBInbtt SHAYENH | i '
genergtrn;atog 7 g@lrﬁ)era es gﬁ%wbr%%ﬂéssle?gﬁéqpmq’f)ﬁégglt&sh%%'lage
I NRHL; ' . eumati ¢ conversion device

5. BpelBteddt 8 ok MoRificd BRIRY

. I npu nal | is a desired voltage
tputted.by f.he si L t 7 to th
O 0t Bl o MRS 05 B b otwoer
signal | bOlg?& In addition, the detection pressure
si Giednpistsionabl (.e.dnpugiotage V ga the afose-rogntiansd

pressure isensor 3 sensing the pressure in the upstream
si elecpmnayudatioyeonversian dlavice Shand the gutplut préssuee Pa (or D).
i nput voltage V) inputted to the electro-pneunatic

cdmageordanciewith ¢hé aboee lesbriptigniof atohmatiy eloskbarHos
oscill oscope 8 so it is possible to observe and record

clpregamatid didpheagrhaaiug, ethelvaive 4le niaRtRms ﬂﬂ]{hérfgﬂy‘ BBened
i nput 'signal | (i.e., input voltage 25 V), and the

| idkate ot the %;ﬁﬁ@oﬁéﬁé'ﬂ\ﬁﬁ.‘é&’,%r&%&%g‘nq fﬁriﬁﬁ ?ﬁitegastilfg pneumatic

graduated in 500msec/1 I's enploye

d e\ ' j 2 0108] Referring again to
Possurs oY Ablt S B Lo 12 o P “tank | is

Fi'gure e pre i nside the water

; i ne t set val ue, of 3kgf/c.m G and the air .
gi%ﬁ@ﬂ e ga&@?reasﬁaf yscerﬂploagep@sghhﬁﬁl{ SAUICE, L e valve driving
actuator 4 fo fullty om the valve 4. in this case,

t F8SiSRAeR OatoL Anesating thenvalye de  Jhwisathe campreasaeimused as

the valve 4 and the water tank 1, was constructed to
b@ag serFeebte supply ainwith the paescribedpressurerio a wat er
flowrate Q through this pipe passage L1 was about
3elestrorpneunnatic conyersion] dévded 5. ¢ e tise signahgenévatsral
pressure Pl in the upstream side of

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 1 (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




the pi pe passage L1 were observed, using the
oscill oscope 8, when the air pressure Pa supplied to
the actuator 4a for the valve 4 was changed as

i Y oSie! Sy R BBER e S4renatea
opery -1. i nternmedi.ate opening)-0 (full _closing),

(¢) %&PF’Z’ #e@@ﬁa in Ysetgshgpvice showm inifrigeienddi at e
ope&'n --+Q (full closing), (d) 5 kgf/c m G (full

ope b?l@%l 1Referfingiagair i glgélf@)ﬂethmgoess(lre( Pililihside the water
closing), (e) 5 kgf/c & G (full opening)--+ 1.62

(i nf@ikrdds maintajnad akp set@i¢é of Bkgf/osk nd3, andith 4if prdssure Pa
kgf/c m G (full opening)-'1.50 (internediate

openf /e nd- G id suppliedstothe actuitdPla b M?%p%ﬁh%s‘%lve 4. in

the results observed due to the investigafion.

appthisoasé, thenimsigs diarfiefe? of tige Efﬁe péééégib%‘fﬁib%?\ﬁeéﬁ thd'Gaive 4

anplitude of pressure P1, with the ma

Q. Jé*ﬂ]fﬁéwﬁter%nl}(‘ﬁf @2§\A'1/%\§@Fgﬁegi tblt}ésjlg)ﬁirﬁ ngﬂgw@tlﬁﬁét‘?\ of about

4(a) when the valve close

on ShERTE £5504 AR5 HroRS848 e SabLilt 1t pas about s 45

us ' igure 4 (a), a water hammer occurs during
cl g‘g%f?@“glf the valve 4. [0111] On the other hand, when

th [ L. suppl ressure Pa was changed in the
f of?%lng &GP‘{ iC?@f'gﬁs ek thecinternabpressuteyP1 in thie upgream side of
(full opening) --1.65 kgf/c rn - G (internediate

opHe Bige-passagel L1 wets dhsgrved, asingrthe wscillogcope 8( Wwhen the air
al nrost no fluctuation in the pressure P1 was caused in

t hergsispee Ppaspptied|td the actidier 4afdithe VAW A W) dHahgedtas

mul ti-step closing procedure in accordance with

Fi follows 4(él) (af)tm@f/éqm @%u%@{-ﬂ@i—f%&ﬁ%ﬁg (full closing), (b) 5

occurrence of a water hamer res

gm@??ﬁpftg {fulitpktind> 1 BRERREARI SpeliRg) -0 FulPkibsing), (c) 5
kgffc of + G (full opening)— 1.66 (intermediate opening)—0 (full closing), (d)
5 kgf/c ni - G (full opening)— 1.65 (intermediate opening)—0 (full closing),
(e) 5 kgffc ni G (full opening)—1.62 (intermediate opening)—0 (full closing),
and (f) § kgf/c 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 f - G,‘ were shown as

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

one-step closing process of 5kgf/c ni - G (full opening)—0 (full closing).
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changed in the nmulti-step manner of 5 kgf/c m- G
(ful'l opening)--11.50 kgf/c rn -G (internedi ate
opening)-*0 kgf/c m- G (full closing) as shown in
Figure 4(f), there were fluctuations generated in the
pressure P1 in the pipe passage L1 with the maxi num
anplitude of 2.90 kgf/c m- G In other words, under
the conditions illustrated in Figure 4(f), a small

wat er hanmmer still occurred. [0113] These test
results indicate that when the valve 4 is swtched
from Waderthe congiionmysed it Eigtre 4 i(8), Bwatechaminitg occurs during
state, the occurrence of a water hanmer can be

conpl edeguye pf theevathexidby goi ng through the nulti-step
cl osing process where the air pressure Pa for

oper aff0hti}t heOatheaiather hdad, whes tRNGie Sup P Prexéurd Palwas
openi ng) =>1. 65V (the val ve openi ng degree of

0. 072chadgdBinTthé EsleRinPhiti-Stebimanndt! i2s] 4 ; .
corresponds to closing the vgl ve 4 from m"m I@jq(fu"o‘)enmg)

openi nel.65 &gFc d - B finfernkdBite §b€ﬁn§%—ap 3full 'cﬁbﬁiﬁ%@sr shown in

words, it is observed that, when t terna ressure

P1 i nFighee &4 ion i i i
(1) The T Ay goshes hadbajdn Kb EREssERORS s i ip e pioe

abou
IR PASAGUL IS SUEONe DS By IRERGITHE oo Y4 St
e, Jobgurs o8 e RS 1} fe corhioh SRAno ne
oL Bl o UHhaE B VbR Pl
e PP e BnGt BN YR fEch tibrivaressiiia Paotse
bocty S8t Y-S meniarinns kaine Gaitul apeming) 1.50 kgt
L0118 GAFRegaronstnalr Aol e ar A il losing) msanown in Figure
I nt ex{(%?ihé?é %Se?él %Lelctﬁgitiérl;]s generated in the pressure P1 in the pipe
passage L1 with the maximum amplitude of 2.90 kgfic i + G. In other
words, under the conditions illustrated in Figure 4(f), a small water hammer
stilf 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 muiti-step
closing process where the air pressure Pa for operating the actuator 4a is
changed from 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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t he pi pe passage L1 rises when the tests were repeated
in which the valve 4 was switched fromthe 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- @,

the rise of the internal pressure is near-zero if the

air pressure Pa supplied to the actuator, at which

the val ve body is stopped and held for effecting the
first BPEROSiLbisdient ronstants thero() the fifid lpaksage ban b&closed in
[0115] Fitgure 6 illustrates the relationship between

pr essuRROUS0054BR0 msecivithiout cauding b watdphamehdridRieus qufekly
stroke AGimm) in tests corresponding to those in

Fi gur eclasingthe valee 4dmmithe state of fall apehing!to e stafd of APartial
internal pressure P1 in the pipe passage L1=3kgf/c m

-G (cowening, Ji.eaio a Cdrjain begidesr théltvﬁlv@:é’peﬁlﬁqz ieatn%ftﬁéﬁ"ﬁﬂauy to

(constant) where the valve 4 is closed by t

nul t i the sfate gifall dwﬁbwd@b%@iﬁap@oitﬂﬂé,ﬁéndﬂ‘?? g‘r/éa%ggerr] hammer

stroke AG (m) is measured using a potentio

i s defd metchecostRilpprevaRted byiisifh BtrADRE H\; &
shaft noves to press the c??aph?agm%gt%}geggd eqr%ﬁ%éﬁé}’smthe

abov eefertithatiRe frntd i | bd R VE
openi ng direction. h?%dll%]ﬁgggabp%p%é%& ?fruc}%nvglh)géa’#oecﬁ’b("e" the

), Mol o

i Rar CRPABIHe0 feect b Shah e Gy ) S°°

0 ST LS S b BB b Bl o 1

near 1{eppe!gastige BY $8Ls Widh thi tests lw\é?e ?épre%lgd ﬁlewh%h the vaive
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
i - 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 kafic md - 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: @)
the internal pressure P1 in the pipe passage L1=3kgf/c mi+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.
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0.072mm (i.e., the valve opening degree: 0.072/1.
93x100=3.73% . That 1is, with the nulti-step type

cl osing process effected under the condition that the
internal pressure P1 in the pipe passage L1 is

constant, a water hammer occurs if the val ve opening
degree AGis not equal to the about 0.072 mm (i.e.,

is sufficiently larger or smaller than 0.072 mm.

[ 0119] (04161 eTée vglve strickgr &G (i) i measomd: isinga potértiometer,
measur ed val ues of the valve stroke AG and the

pr ess W isidefinggbio be aplaenquintef distaregahhtithewaticesHdfemoves to
pressure Pa supplied to the actuator 4a is changed

under Pregs theatiaphragnii vahanbodysfromaove fon drofuil &idsint pSsition to
6. It is observed that the occurrence of the water

hamrethe valve epeaiag direstiemy case where the

i nternmedi ate position, wherein the valve body is first

st oppEU 1R thes abgaeent fdim Figurele @) wfpfwﬂém%e'aﬂg&r%gsure Pa

operation, is at the valve stroke LG of about

M 28udrliéd @ thdeadtuatorad fs 18N M IUS tRE viRLMrokBCAG is 0.782
test device in Figure 1 to investigate water hanmer

pr evemin, andwiss P4 RA.60RGHE hPY 3 hAG Egﬁ g}g%f-rﬁ‘-é.ln gﬁ?réh%rmore\

pressure PT of the water tank 1 is c

(a) twhditlPa 1985 Kghe ni’-eSUIA & i90.0MD%RF. L ests. Figure

8(a) indicates that no vibrating ri se of the internal
P =01 fIPL Ao e DB i ST At Ve
DL B e e el S S0 A
Connloroieh e S INY S50 BoGRRL0 75 b lfed 988, e
(25 B AT A Bon i RSBl ) B o
' B: gitég?rgtegt%l ig?estsn?e B"l B theagi?)g %sggg?end ?secgngtta(ner{t,n g Iwater
hammer occurs if the valve opening degree AG is not equal to the about
0.072 mm, (i.e., is sufficiently farger or smaller than 0.072 mm).
[0119] Figure7isa diag;am 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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the tank is changed (i.e., the internal pressure is

set at 2 kgf/c m Gand 1 kgf/c m G respectively).
[0121] Figure 9 shows the val ve strokes, neasured by

the potentioneter at the tine of the tests perforned

in Figure 8 where the pressure Pa for operating the
actuator 4a was 1.65kgf/c m G As shown in Figure 9,

the val ve stroke LG changes under the fluid (water)
pressure applied to the diaphragm val ve body of the

val ve 4 even when the pressure applied to the

act uat 11200 | NexictestsrwerecopBlgtetwsing thetestAevice in Figure 1 to
result, the vibrating fluctuations in the interna

pr essutivestigate waterhammes prpyehtiomunder thacohditie Higtdhé Shternal
the arrows Ain Figure 8 (b) and (c). [0122] Figure 10

i s a dpregsune PT blitherwatentankiieisrohlaagedn sﬁbprebs(g)qgr(g sHows the
internal pressure PT of the tank and the pressure Pa

for opesults ofthese tests:t Figure 81a) inditatds $Habnd Yibraity figk of the
the nulti-step closing procedure to 30 prevent the

f1 uct uateimal predsurdiP1iinties pipk pRESSGIL ¢ i eridtalcd®dPingthe
passage L1. The curve A3 shows the relationship

bet weeni®Etamiypezlosirayofithe vhvb S thelrESsiie '
3kgf/c m G The curve A2 and the cur\% s(l?g\?vs-[' eedtOthe

r el at aottiatdtiilas eI : - ,
kgf/c M- G resp%ﬁﬁ?@%’ﬁ%ﬁ%f@%ﬂ?}ﬁﬁ kgffc m,

cur veandst, thé¢ondifien thatthe fHt&k Fpr]ags%%gi'[) f)@ﬁ"ng][tgﬂlg Slagf3kgf/c

the pressure Pa for the actuator,

YT 2, PR, i e R B
BB’ I EGRS 95U g il WML e
or esdae b brostuRERY i HERRe BabeR whe e famatnrersire PT of
épfgtf{ée ga%k\?mé ?ﬁ?’i&S{F@F%ﬁg }n?gmgI prteggurgi i§ ge z?tszs l%ggf?c rkfl- iGsand 1
kgffc i - G, respectively).
[0121]  Figure 9 shows the valve strokes, measured by the
potentiometer at the time of the tests performed in Figure 8, wﬁeré the
pressure Pa for operating the actuator 4a was 1.65kgf/c ni - G. As shown
in Figure 9, the valve stroke AG changes under the fiuid (water) pressure
applied to the diaphragm valve body of the vaive 4 even when the pressure
applied to the actuator 4a is the same (1.65kgf/c mi - G). As aresult, 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

30




period of about 500-1000 nsec, by the nulti-step type
closing nethod, in accordance with the present

i nvention, which can regulate the pressure Pa

supplied to operate the actuator 4a of the valve 4
whi |l e al nost conpletely preventing a water hamrer.
More specifically, this effect is observed when the
normal |y cl osed-type, pneunatically operated di aphragm
valve is subjected to the nmulti-step closing process,

(i.e., pRavebkijie/ fuctrations bf GikiptdrnalpreSsur@)R 1 infthe pipe passage L1.
accordance with the present invention. [0124] However,

i n t heThe entvet AGthows thentetationship/ tRiwbe® PRTart] PhRehdrthk internal
(and correspondingly, the internal pressure Pl in the

pi pe paressge R js 3KdfGHUaGES ThaTulve AP BAH S cﬁu{v@'?“ show the
ype

Figure 10, it is difficult for the nulti-step
cl osi nglateohikAp WhelehtPPEESRGMC KGN P L Pkﬁ{?‘?’gf -ﬁ’l‘s,ﬁjg¥pecﬁvely.

prevent the water hammer effect by only co

the ailfisRIeRfFFton® tHciVePize A2t Ond AT of mdggggrthéﬁhe range of the

Accordingly, the present 1 nventors co a nunbe

vl ve PErRUTE PTG CaRa Bt e thd N EE b, varies

e va
var | bl bt ARTeOI B R TR
oSS HISTT o 4 Booh 5] 09 BRHE ¢ RABLR Bl v e
et T Db BB U st o
e Bt R B e Bl o, e
val ve,_4. and t he pressu rise APl in the pipe passage
L1 it i¢ bighspe ??'E%QF% Rige paggageshibi . ithirea time
e RERES] O A K 0D s bethemui stspys Fiosing method, in
par aget err . Fi gtur e 12 is an enlarged and expanded view
of a23fef Q?H%M hdhe presengimventian, which can regulate the pressure Pa
supplied to operate the actuator 4a of the valve 4 while almost 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=5kgf/c of - G—
1.65kgf/c nf - 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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In Figure 11 and Figure 12, curves A3, A3' show the
relationship in which the tank internal pressure
PT=3kgflc m Gis tested, while curves A2, A2' and
Al, Al' show the relations in which PT=2kgf/c m G and
PT=1kgf/c m G respectively. [0126] As is apparent
fromFigure 12, in the event that the nulti-step type
cl osing process of the present invention is perforned
by the valve 4 by nmeans of controlling the valve

st r okehgp@ultitstéstypesiodingtests inaphith Yhe V196 strbke A& ofthe valve
4 within a short period of tine, of about 500-800

nsec, 4isdhe chetrolldd varizbiyiimgead af &ﬁtﬁblﬁﬁgeth@ﬂrésﬁré’ Palipplied
state without causing a water hanmer. This result is

achi evethe actuatopdal witk ths intérnaheicasird Pe of tHetahRbeing another
pressure Pl i nside the passage L1 is great or srmilg

I N sueRplarethpaamdtdat TWaaBstiiifdevas Msed
reaches between 0.07-0. OSmndth%e val veé nggek&ts'salmos“he

oper asame dasthat sHaRinfths F@u?@qré,og(fggf fhgfja F)tédupﬁeted' is added for

thereby holding the valve™ n a arti

st at emeaseHind HeBNEStrd fgwweog&?%ffect'ngthe

full cl osure of the va Hammrer | ess

Val Ve[O@E CeFkﬂ'ﬁi ] ifdsB4tS tﬂg’ b S‘nsﬁﬁ’ nggel(ﬁ%c 8 daﬁ%rs?rrgke A

of riess

the igl X ruct ed based .on

t he {%éfeé‘gzm @%O%Ef%%?%e éu Thé BikPassaas L isdicated
and ha

hanmmer ess va 8’%9 \Q'gjecpgd: @%ﬁ é’\?&?R/&pﬁd‘gdiﬁmﬂP’GPeﬁs of

g RN S A Tl e
stroL@ articular, the valve body 10

i's co%ﬁ' ﬁzgst g'r& ef'ﬁég%fg?ﬂfgﬁﬂi’a@?d Vipw i a ropieF aﬂlé@ﬂtqﬁ igure 11.

val v,e IPOdP/ } n_the sane manner as actuat or 4a i s
n Figure 11 and Figure 12, curves A3, A3” show the relationship 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 ni - G and PT=1kgf/c
i - 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 resuit is achieved, irrespective as to whether the internal pressure P1
inside the passage L1 is great or smali, 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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connected to operate the valve 4. The automatic
driving force controller 12 is connected to receive a
signal SR fromcontrol circuit 13 and to provide
actuating operating pressure Pa to the actuator 11.
The val ve stroke detector 14 is disposed to neasure
the valve stroke LG and to send an input signal SP to
the control circuit 13. For the purposes of this

di scl osure, the term "water hanmer| ess val ve device"

r ef er partialiyrgloseal state, dod thereaftertis opmmed forteffeclirgsthetfhlk closure
valve body in a nulti-step closing procedure so as to
pr everdf thérealgeder ati on of a water hammer during
closing. [0128] The val ve body 10 of the water
hamrer | ess val ve device, of the present invention, is
installed in the pipe passage L1. In this enbodi nent,

a val ThelWster HanRfioiieevhivé Devigedi aphragm val ve is
enpl oyed. Persons 33 of ordinary skill in the art
Wl [eragni FgdrBai3isth Wr%lé\’bidﬁkrdnéé‘t%nﬁéﬂﬁé vtet nmerless

present invention to enploy a valve body 10 that can

be of vy devick aicrdihy RSth { c&giw
10 ca‘rl1 al so be congt'r%ctted ;g%sgmgﬁg%rﬁm P’ﬁlc“%é{dse cted

di dj |
t 'h:C al‘ﬁﬁeﬂeorr {h@ é%%?g%?lg%prﬁﬁfeaqﬁ F lﬂrgolﬁ b!ra]h‘{l‘ F)rgu?é( le afd'the like.
L1 T usdg Qﬁ%ergl aﬂﬁﬁﬂé 'i@% ?Mérnﬁ%ﬂ%zﬁ% vgl@% ?i'elncé?lgcl%qes a

foll ows Fra mva VE Séa

OO L7 f@‘%‘?\’%{%&ya% R e
5h2° bl 125 SufOhattal FE S 58 Bedf 0Bk TS,
115, PRt e %ob%{aﬁ:‘tsl@t@%ﬂﬁ%ﬂ {45 et AR
;2 ? ulgg%r,%rt]ésli epﬁn \épq Yo Iglﬁh<(=Z‘>ys|a|mn<=f]| r%ranlmsar gss ggtugtsor 4ais
connected to operate the valve 4. The automatic dnvmg 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 vaive 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 muilti-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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the valve body 10 is closed (i.e., in the full closing
state) when the piston 11 b is urged downward by
spring 11 a, while the valve body 10 is opened (i.e
in the full opening state or in the partial opening
state) when the piston 11 b is pushed upward agai nst
an elastic force of the spring 11 a by the driving
pressure Pa supplied fromthe automatic driving force
controller 12. In this illustrative enbodinent, in

oyl ngEpRetniny @wpqiwqﬂr@cé5¥%§ftl'aﬁ% tis Wi gorCope of the
?ﬁ;f"?;?qf%h eI o i e B e

cyl i nde eact the electric (i
sol en 'E%’Fam '8'? Qdy 19 Ea%ﬁ@ﬁé?ﬁﬁoﬁsﬁb'ﬁted as a disc
act uat ed as too as the actuator

can be
34 [ O% ﬁvﬁ} bedy efia QISP wa{vgt r $ pdditianRarseRsef Qfﬂlqameskﬂl in the art
present invention, the normally closed-type valve,
such Will appregiate thatin themnasyliitingdlusteative embeodirsent; described in
the normal |y opened-type can alternatively be enpl oyed
t oo. deijtanielews.« dinphrage palve dravingthediahierseat phi¢.00mm in the
valve is closed by neans of increasing the driving
pr es dngide damsiepisierdployed fuor the valveqrovided Withehe valvet baely 10.
val ve can be of the type so constructed that it is
cl os &oweyenthmsize of theeralee ngn bledradly shiosgn(in des targyeRof 10A
supplied to the actuator 11. [0131] In the
i1l usatO8AL ve enbodi ment shown in Figure 13, the
driving force supplied to the actuator 11 is adjusted

by t [0:429)t OhE iaetuditdr 1ig a‘@mﬁ? Psﬁwmblvgrve%dﬂm Actuator
automatic driving force contro used in this

enbotti imenidet SpaRd 314, isted 138 dridrdhaBical In fH‘ LEMPoBIrhSRt of
supplied froma pressurization source, such as a

ggmgmt@gﬁt ﬁgédrﬁéﬁé aRdbr Aekdd$s AdthiStor M9, In partlcu!ar
prescribed pressure Pa so that
pr exREvhkBBok) 10N€ 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 opéning 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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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
out put controller when an electric power driven-type
actuator is used as the actuator 11. [0132] In the
wat er hammer| ess device shown in Figure 13, there are
a nunber of signals inputted into the control circuit
13. These inputs include (a) a detection signal Sp,
for the valve stroke AG generated by the val ve

Si gnat® %ﬁf;i "‘?Eh'“"sf‘éfv ?@%ﬁ@%ﬂ&%&%%ﬁw&%&@e
10,

'Cg L SE% a% g&g%’s %{%h oa%r (af ?F\tg?oyeg hqxﬁ%ve;, a valve
cl osi %é)lf g%e')r{cajf"\é %é %]epﬁg c%jfenﬁ%w ¢ S(j;){%gS
Uit BB WSl BB )ty o
?ﬁtepgﬁls ggep%gng ?,trok GF E utted bgltlge

aut oma?rE ‘h RVt @"%%P A el ﬁ:“?ﬁ ‘M’Pd%é ‘?PtﬂﬁtPf gul pwever,
st ol YEvEsh @ﬁgfﬁ? fiE® sReoBefiiteg it i Flosafby freahs o
comp PRt e Ll Pratne Paribrist Brpacttotlit 13 so
AR el i
ot rolite PR ffeﬁmc&'e%} 11 & aalea by fhs eidomalirigng doroe
bi{ngrelllu &e ately in Flgure 13, it

wi t hPetaer i%op GRUtOMmALc ¢ gry 86‘?@98@%?‘!66#8%'" this

o7 PR b et sb i nd B it T fom
component. 10133] Wth further reference to Figure

in tRIESTHIALPN QUipe schaga C%ﬁre$sqs&mfelms&r§sed>andéhe ke, s

devi ce ressure Pa of _a prescribed
troﬁede to%e pPescnged pressure Pa sg 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 controller 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
_ihtermediate stoppage poéition (i.e., thatis, the controlled valve stroke A

G) in the muilti-step type closing operation, and the like. From the control
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pressure value (for exanple, 5kgf/ crd QG is

supplied fromthe automatic driving force controller

12 to the actuator 11, thus pushing the piston 11b

upward agai nst the spring lla so that the val ve body

10 is fully opened (i.e., in the full opening state).
Now, in the state of an energency, when a valve

cl osing command signal Sis inputted to the control
circuit 13 the valve body 10 is urgently closed using
the so-called nmulti-step closing operation of the

pr esewircuib ¥3m prassutencbetrot sigsal SR, rwhioh batpeesthetdaatrallad
pressure Pa supplied to the actuator 11 is instantly

| ower ptessare Ra requirzd tp ighsesthe Prestribed vaverstioka G is outputted
1. 65kgf/c m G by the valve stroke setting signal SG

t her eto/thepmitornatic duvind fored eatitralief 92.C elnQiartitifars the vagvelstroke
ato lower the piston 11 b so that the valve body

(not deéteotinn sigral SMfrdatthe Viive stroke tetéctor 14N ansihaldettihy signal
c is 36 lowered to such an extent that a prescribed

val veS6tfonsattingXtiesintennetiate stoppae pésitior, lage vamparedadih each
is stopped and held for a short period of tinme (for
exanpither i @Re 6oktrol sircyit 13 83 Bt thihai préturrPY SupaifiY tdGhe

Is operated by the actuator 11, the stroke detection

si gnactuaitorf Tomdditstethsey 8s &3 britFa difePsricel betdeb# signals SP and
i nputted to the control circuit 13. The stroke

det e @G toniki RithouGh theshtidd irsti 13 afd tHEGutomRtiE dAding force
signal SG are conpared with each other for the

pur pesatrsifer 13dre filustigtetR@ps RIS M Fdufe 15968 Withif fheSRope of
that the valve stroke OG of the valve body 10 is

br oughet preSerit ifedfion itd gl th @Bnirdl clfeit 2RE the SGtoniie
held there. After the val ve shaft 11c has been halted

for aiampfdrcdedntpsliePinto hisifyid Rlrafdd dBhfsonenttt the

position which permts the valve stroke AGto take

_} he presr i eg MRGELrefPendd® Mghuor hﬁfﬁe nokmial tite of the
owered Instantly to the valve full closing position
by. |ienteF haranichs s vaive deviek the Bir fr@surkl Pd6F 4 Pescribed
pressure value (for example, 5kgf/ ¢ nf + G) is supplied from the automatic
driving force controller 12 to the actuator 11, thus pushing the piston 11b
upward against the épring 11a so that the valve body 10 is fully opened (i.é.,
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 circumstahces, the air pressure Pa
supplied to the actuator 11 is instantly lowered to the given pressure value
(for example, 1.65kgf/c i -G) by the valve stroke setting signal SG, thereby

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

the valve body (not illustrated in detail) connected to the shaft 11cis
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automatic driving force controller 12. [0135] Wth
this operation, in accordance with the nulti-step
closing process of the present invention, the valve
body 10 can be fully dosed, w thout causing a water

hamoweredytotsaichran extent th3®@ presdhisil valee stroket NG idf tdched.
cl osure of the water hamerl ess val ve device (i.e., in

t hi Aneirthed] thenvalvé bedy & stepped %Hsﬂél& toresl shért penod of time (for
correspond to the dianeter of the pipe passage: 4mm.

I'n &kampid, 30958 §ac)non- | i m ting embodi ment of the
present i nvention, orgeratl on has been explained -

e A Sﬁéﬁn’g t %S"é?eﬁlgg%iegg{?eacq@(ﬂrga the
0 :
useﬁ%&%ﬁgﬁﬁ bt f'é% tBse Al shraig peterior Has a'muﬂed to
H E‘I? klze {e g JEE% resent invention can be 3
apg EQNH! B el o+ y Har skipke detactioprsignal,&fnand, tho amiesstroke
of size 25A to 100A), such as gl ove val ves or disc

vaiseHing signab$Grage c@mpared witbteagheather faadhe ppase of

di agram of a water hammerless dosing device of the
f | adiusting<hgeontnol aic peestane Pasd thatihevake stroked B If the
the present invention. The water hammerl ess cl osing

devalve 3dy 0 isbiought ® 4 préscribled!poiios ReD0-200id:, and

water hammer| ess val ve device shown in Fi gure 13 in

t hpéidithere ! OAft&gth@%l\Feeshéﬁ‘qllé’Wé? Ué@gll Tited f 0_11 %enrapd of

controll ed el ements 1.e., ava
a ot h rds,
2 Vil (BOR S0 MisBEE 4t s PR R tictk Phrmied i Vil 8Blid; v to
tio | udes ter
AR Y FréssrBedhasifon. e v Erpes‘rﬁgt i lawpred iAo the
re suhg'éget ection, sensor '59 a detection sensor
geingmesition belﬂWﬁém g aigprassure Rado Qwysiag the
conputl ng/storage circuit 15 to which the
automatic driving force controller 12.
[0138]  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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detected values P1 and Tare inputted.. [0137] As shown
in Figure 14, the conputing/storage circuit 15 is
connected to send the setting signal SGto control
circuit 13 and to receive a detect tinme T signal from
detection sensor TC. The conputing/storage circuit 15
is al so 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] Furt hernore, a closing
ti me Sepliediy higgerdvpesof walvessforiexpuiple dratves of hize 25A to 100A),
control circuit 13 of the water hamerless val ve
devi c&uglhas glove ivalveg endiscivayest or age circuit 15. The
operation speed of the actuator 11 (that 1is, the
st at e[WRB6hppFigsise i1dillustratesea basio black diagnam dPa 4 watehe
actuator 11) is 38 controlled by adjusting an out put
st at ehanmeressieiosingglevisens the fluid plassage, in aGRrdance with
outputted to the automatic driving force controller 12
f r om anpther@mbadiment theipresers inventior b yThevater hagnédrizss
time taken while noving the valve body 10 from the
ful | clgsing deyiea shewn neFigutes 4 Isadistingished tfioen fhel water
dosing state. O course, the tine setting signal TS
i s ud@mhneriesstvalve davicehshalvn ini Figureorie tiatithe elosing dBvide
SR [0139] The valve closing tinme detection sensor TC
i s atndudesdwoadditienabenntrafied elbindnts, disd. 8 valve ehosing tirde T and
the start of the operation of the valve shaft 1lc
(i . ean alowakis poestiung rise valpe MY It bihey alowds), atvaatthBamirefless
of the operation (i.e., corresponding to closing the
val velpsisg detige, iniaveoiianas withithe peskdny invBatiortintides ¢4) a
sensor TC, is inputted to the conputing/storage
ci r cwater hamnihiess vabeslevicedss siwroin Figneds3, B d grimary side
installed at the prinmary side fluid passage L1 and
i Ep Lpressure detdotioh sdnsal RE, (Ela detddion kbhédt TC /5 Petetihg the
the

valve closing 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
adetecttime T signal from detection sensof TC. The computing/storage
circuit 15 is also connected to receive pressure detection signal P1 from
primary side pressure detec_:tion sensor PC, which is connected to detect
the intemal 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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conmputing/storage circuit 15. [0140] The
conputi ng/ storage device 15 is provided with (i) a
pressure conparison circuit, (ii) a tinme conparison
circuit, (iii) a conmputing circuit and (iv) a storage
circuit. Conparison between the allowabl e pressure
rise value setting signal PMand the pressure
detection signal Pl is effected at the pressure
conmparison circuit of the conputing/storage circuit

15, while conparison between the closing tinme setting

ot foc2hTa P el sl S Atond SRt 156 Hivi Toria gontrol signal SR
o1 curk PR B narall e S cohcal 18 ram hesconirobciruit
bet vod i MRS 108 et Ren Vhik woting thuaiye deodrid fom
reasul BT RSSnibARALE 1 bt odiod nthe il casine Sty Of purse,
£ ORI B TS AAAATR Bl v
Si gn?%j@%is&ﬁxceeds the all owabl e pressure rise val ue

sett al PM depending upon whether or not the
ceeds the closing tine setting

cl osi [ T e . | .
si gna(pgq%, n?ﬂée Y,%Yﬁ) Glosing time detectiant senser TC is attached to the

conmput j ng/ s1t1or a circuit 15 selects certain data
rel aﬁch’g’ rottitn é’%g%%l?@ffpms@e\%aw tae @penadion of thewvalve shaft
setting,value stored in the storage circuit, wherein
in t 1<% commespording te preRing Hevalva)te the stopof the operation
the é.t orage circuit is shorter than, but closest to,
the HfoOHESPORAINg t.closing the yalve) stathat timpdi B detented by the
t he ‘E% uting circuit selects out of the data the
st r ke s8R0 iTGn i inpuitechiortbe somputiag/storage creuit 15. The
pressure detection value Pl is |less than the
al | RiEsTUe detaction sepserdP 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 circuit, (i) a time comparison circuit, (ji) 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 circuitt5, there

are stored a large amount of data relating to the relation between the stroke
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signal PM and then inputs this stroke setting signal
SGto the control circuit 13. [0143] The m ni num
val ue of the closing tinme setting signal TSis limted
by the operation characteristics of the valve body 10,
or of the actuator 11. Normally, the m ni mum val ue of
the closing tine setting signal TS is set at the
val ue of 1-3 sec. However, the closing tine setting
signal TS for the valve body 10 is selected as |ong
as possible within the allowable range. This
sel ecSEHRYValueanNd the pressure rise valug of thenalvd badyrtp) as iseactually
the less likely a water hamer is to occur. [0144]
Wien fe@sWERddp adyanes efaperationsifitbe dalve bedy,sn whish, the lesing
closing _time setting signal TS and al | owabl e pressure
ri se YRPJeisaparamgteri gnal PM 40 are inputted into the
computing/storage circuit 15 so that an appropriate
st r okd9144l t i Rurtkermese, isthe evantthatdhe pressdrecdatectionedgnal P1
fromthe storaqe circuit of the conputing/storage
devi @xceeds Keallomwable presswe trise vatuet satfingsigraliAM, I pending
[0145] When the fluid passage LI is to be closed, the
val véipgpavhetbgraarat the dosingitioiesi gxateds the closing ttihwdsetting
froma switch or other like control device, to the
cont StgnatT$cietconputing eiretit/ofshe cohipating/sorags siecultddyselects
10 fromthe full opening state to the full closing
st at eertain data eelatingeo the pteissurei riseovatizd apd tesstroke Béttinlg value
the primary side passage vibrates due to the
occuptpeattio the stamage circaitnwhereirhia thiseefacte dath 86 £168ing time T
signal - Pl is fed back fromthe pressure detection
sens¥prerin hel storageacieotitis shortdrehan, Ibetelkest toth6 Slbisihg time
rise value setting signal. If the pressure detection
si gregttirRisigsal F®urld padicalar,dhd cofmputihg oalN Iete66L6fehe
rise setting value PM a new stroke setting signal SG
it s fﬁl&eﬁlee&trdm selttingosignal SG\goreespontiing ta MhidtSpreBsurbt ed
o the
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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control circuit 13. [0146] As a result of the
operation of the conputing/storage circuit 15 as

descri bed above, the stem 11c of the valve body 10 is

i medi ately returned to a new stroke position so that
the pressure rise caused by the afore-nentioned water
hamer is brought to the value | ower than the

al | owabl e maxi num pressure rise val ue PM when the

val ve body 10 wundergoes the next opening/cl osing
operation. [0147] Figure 15 and Figure 16 illustrate a

basi ¢ acemputted irito thedtorAputiessotgerairedi T8 8b tRit drSppropriate
wat er hanmer| ess cl osing device in accordance wth
the pseslansetting sighalBG id hitGeverCanfoRBles 7BMithestdri§e circuit
wat er hammerless closing device is utilized mainly

when of thesortipiuting/stdraged delic@ab, did inpattdd BSthE'@ntrol circuit 13.
detector Pc to the existing upstream side passage L1,

or  Wedns] t Whenithé floid passagal i ash 6@&0@&,\(6%%&8‘(6

detector (i.e., the position detector) to the valve

body dgningAtlosing coimigid siien S E!iﬁp&@@l?ﬂ%%&?ﬁé@{&hg like

the wat er hammerl ess dosing device fromthe fir
enbodontrol dsuiciWo ihe dontrel Girckdt- 13, Set8by Witdhin P veiNetbod

to Figure 15 and Figure 16, thgwatery han‘n!regfﬁgssl y 10
cl osifiofn theMult Bpeniflg 86RE MRl Wobing!dtfteS CAPIRMS ?'me, if the
enbodi ment, includes (a) a conbi ngtl on-type of valve

body irtémal fresbireP £ &th¥ Priktary Side ss?@é ﬁg]‘é?és dde hoc’the
| ess valVve

renoved fromthe water hamer evi ce shown

in  bedlitencd Bf waldr Hahﬂnéﬂﬂ@ﬁr%sdéqeﬁé‘t%&ig@ﬁggai? i? ge)d back

el ectro- pneumat1 c conversion contro

Lhe RN PROSIRNMSELIAHERE: P& anthidindi8d WAL 2Gkable

stepwi se switching of the actuat or ‘operati

S BRI i B AUhAP1
found to exceed the allowable pressure rise setting value PM, a new stroke
setting signal SG is selected by the cbmputing 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 hamrherless closing device in accordance

with the present invention. This second embodiment of the water

hammerless closing device is utilized mainly when itis difficult to attach

41




(e) a vibration sensor 18 renovably secured to the
upstream si de passage L1. The wvibration sensor 18 is
secured to the upstream side passage L1 so that

st e witching (L.e. .. swi.tching to Ps_(ste
pre u?ge_sssﬁgei 8?#%9&?’ ¢ F%ﬂ‘)‘? eXighing P&“ﬁ?’i‘jﬂ QLB?%%QEOIF"- or
t he ctu{ito,oeratin ressure Pa, applied to the_
act n’g‘ﬁ ! @@ﬁ”’&ﬁ“ﬁ%ﬁ@g’v walve stnokegaieetne(iiga) tHempsition
time Ts for the ste pressure Ps can be appropriately
sel detestpri bo the Yﬁ;lVfPrdeY i10, piinh distingaishesthis secend and

menorize in advance, the closing conditions of the
val éabodiagntiaf thé sratechammertessiclosingelevicesrarh dise figst
[0149] In other words, as shown.in Figure 15 and

Fi embodimentishowsoinfigureg14ont rol device 16, the
el ectro-pneumati ¢ conversion control device 17, the

vi ljoasgpn wmf&feﬂe%oetthﬁgﬂems Qﬁh‘#i%t?regﬂf’ th Weftér 6,

the valve 42 body 10, and the act uat 11'are a

co oL . :
cntorRBHEsS Hosl dBYice 1N EBBHATER with B3, Pl s fBggiment,
ga 6 1.s.connected to prqvigde dr.ivin ressure
Painalddes 68 o corPpli3iRETHe: ot YalmRady il i iprich BieVve Sroke
thﬁ Fl ctigégnequgtf conversion control device 17. .
Dr HG1GRRNL1 2 sfemoveddremibawates hapineriess yajve device shown in
enbodi nent) fromthe valve driving gas source 6 is
cohigive 8. () thaactuatepd s(e) ap«alectopneumatiocenpersiars control
shown in Figure 16(a), by neans of the

el dexice -1j7n (djrtheiconyputingrcontrol devicee! 8, whith ésicapable of
stepwi se operating pressure Pa is applied to the

acstepwise switchifg oPthelbPactaaterioperafisr ﬁiésl%&ré’PQ_Sa?rW@f Pa
applied to the actuator 11, and the holding tine Ts

| orte O OB AN Ty UMM ot anc
g8 81 by ABHLRy e ot Ll passage
L1. 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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the instant val ve closing operation, on the basis of
the closing operation tests previously perfornmed on
the val ve body 10 in each upstream side pipe passage
L1. In addition, the vibration sensor 18 and the
conmputing control device 16 are renoved fromthe
upstream si de pi pe passage L1 upon conpletion of the
sel ection, or determ nation, of the control signal Sc
obt ai ned by perform ng the closing operation tests on
the val ve body 10. [0151] More specifically, the

conputbody 10pahd the abtiitee11.8rd all urporitnts 8 thE waler Rammerless
setting circuit 16a for setting the step pressure Ps,

(b) acosing deyice@nisaditneAtEhdwat inithesd¥igey! € ThEVEVE Yriving gas
time setting signal, (c) a setting circuit 16c¢c for

det er sourca @ it eonmedte®previdBRRving predsuré Pasith afe
pressure setting signal Prm (d) a pipe passage

Vi br a¢lectro-pheamsticostiiepsion aRit A7E ofite elédro-gilirtatid &nvBrsion
conpari son conmputing circuit 16e. Furthernore, signa

i nputedntial dévice it NPUDriVIAG Préd3arePEd kﬁtidih@o,@mb%% tigvi ce
16 includes (i) a vibration detection signal Pr,

caus esintydimeal) Gdf Pl vale d
time of c'l os?ng t he val v%%%%ﬁl%%ﬁﬁéﬁ&ﬁ%ﬁég%

t he \stdpvilsé Operafing Presitire 04, s showtlif ﬁﬁdifgr@ IBH)P FiebhD9f the

signal Ps, (1ii) a step pressure holdih setting

si gnalecl®-prRifhdtic \conddtsidhl daifie! €7, ‘t\‘%?\e&wg [asitegﬂ'v&isé/ bﬁért%%lgg n

pressure setting signal Prm |n accordance wt

Pr espréissuivRald &pplielTo thESadiistoP1fir € Sel ected,  and
then Ps is rmdi%irbed based on the vibration detection

si gnE15B] UThé |actdé?6r‘?:f[pg?ég rle?scu?ﬁ ?Jaoa?p{ﬁ%li & tﬁehfqtqe%y f1,

body 10 1s achi eved. To achi ev s resu

the afdalAding BhROK!faiel arbing prdblb 5, a7l bARRRLS n o

upper limt vibration pres trng sign: are
oAl SSEFO4E  RHe S8 iy g
glt ;g:%h&ﬂpc?e\}ic% fQUREARP BighAESEndd Pact] SilBIngd. hl&ivance of
the instant vaive closing operation, on the basis of the closing operation
tests previously performed on the valve bady 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 brovided
with (a) a setting circuit 1 Gé for setting the step pressure Ps, (b) a sétting
circuit 16b for the pressure holding time setting signal, (c) a setting circuit

16c¢ 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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pressure setting signal Ps is nodified as wll be

expl ained below so that a nodified control signal Sc,
including the nodified step pressure setting signal

Ps and the holding time setting signal Is, is inputted

con§ & 2 BmekEbA SPmiillinoinch e P fiphBet Statjnput that i

sig SG i.Ss_inputted into,the data sforage unit 17a .
whi dfput iﬁﬁt&ﬁ% "839“&‘%@9&0' f’SV'PﬁSGs'P@fHQPS 10 a)ibeztigh detection
uniLl?P whi ch inputs a signal Se to .

ol ¢tiOngL Br caHaed bYichnees i e intemet pressre R1iatdhe time of
supplies a nodified actuator operating pressure Pa to

t heClagingdhgvalve bady $3 andras detecteddbythewvibiation sensor 18, (ji) a
conversion control device 17 is provided wth a data

st ssteperessure Sedtingssignairs, (i) avstepipressure tholdifg tifme Setting
as signal  generator 7), and an el ectro-pneumatic

corsignali Tenandi(lv) ar &allowaple appenlimi 4ittheen bféééﬂ%‘ﬂéﬁhg signal
conversion device 5). The actuator operating pressur

Papri® bR feBRidee with flﬁaﬂ%‘s{eﬁi‘ nfién lj’%,a‘év%@d:beﬁ'eiéélected,

a stepwi se manner as s Igure 16

in t4] : I b r j ana .
Fr SACpEA Fiete b Basd hihe i ERBh RtedloR RonaiPr unii
el ic,conversion.,. unit 17c. .Shown in

Fi %ﬁ%ﬁ%ﬂﬁ}tgﬁl@% ﬂ%@%ﬂtﬁ'\en@hf? 59#)141)1 0ds @I%Efﬁi’eds ignal S
ar’l%f#g S 'tct}i‘,n signal So, dealing with the type

(NSTdr nalq §C '%\?ﬁsﬂéﬂr?%b the vipsation detection signa) Pr and the
closed-type val ve) of the valve body 10 are inputted

t calaveable dpper fimiuvibration pressure setting signal Paw\dre eofiipared at
[0154] Referring again to Figures 15 and 16, first,

t Hbevddmmparison cempating discuit 16& € the tombating pentresdades 16.
L1. Then, the step pressure setting signal Ps, the

stlnftheleventihat baliféretick iSTourR] beRiketi 183k tWs sighifls [ the step
allowabl e wupper limt vibrating pressure settlng

- paselu a0 PO Aififed AR B9 BN boiow g rt

S Wi Bontrol 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 17c, which then supplies a
maodified actuator‘operating pressure Pa to the actuatbr-1 1.

[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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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 val ve opening/closing command signal S
is inputted to effectuate supply of the actuator
operating pressure Pa, as shown in Figure 16 for
exanple, to the actuator 11 for the valve body 10.

[ 01551 Now, the stepw se closing operation of the

val ve bo 10 is, explaiped ,as follows with reference
to Fi &%ﬁg%me&ma"ﬁtwgnwwﬂqe, Sk hdhe petyatprnpesating pressure
the valve bod O,is partially closed and is brought

to t h&a aRestnplied e the aduater Whds switehadip astepwise manner as

operating pressure Pa is lowered fromPa max to Ps.

Furt h%'??}%r @‘ "e'a't"et 1%43} by inpytiing the actuptor eperatipgdiontyol sigeal Se

s ha eltﬁ sed,, the val ve _bod% 10 is conpletely closed
i gs'ﬂﬁé‘ copyerion, dhih i 7 fsthatalenironas suatic gapveesion

by br

zero. lLn Jhe nmeantine, if the internal pressure Pl of
t he p'i"}ﬁ'& }ﬁas %62‘01'3’1' in Figuig i§e thed(alve @paning/elosingrasmmmand
of water r (See, for exanple curves Al and A2 in

ha J H . .
Fi guriSngiSiANd the switchingsignal Sogdealisgavithhetyre (NO: normally
vi bration sensor 18 such that the vibration detection
si gn&Peped-hype; valye erCi gommally clasedttypr)valve) ofthe valvededy 10
16. 01_56L As part of the operation of the water
harm@f¢ BeUtted tathagleglroinneumatic Epgarsion Sontrbldeliteet.i on
signal Pr and the allowable upper limt vibrating
pr es E#541 s e Refarfng iagaim tofriguras 45 apdyis Gt ahe vibration sensor
conputing control device 16. The step pressure
sett 18 ria therripe passagablienthen, thedstep pdesaure setting signal
slightly lowered in the case where, although the
vi briB%.iton steparessire bolding time settingssignal s, raratthel dllowablee
range at the position of Al (i.e., at time tl), the
vi bruapes iméyibsaling plessaiel seffing signallRnn &Pe appropriately inputted
position of A2 (i.e., at time t2). Then, the nodified
st efo Hrecxup@ingatontrehdevignab. Psikewisd, theesaha bdygswitching

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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time setting signal Ts for the signal Ps, are

outputted together as the control signal Sc fromthe
computing control device 16 to the el ectro-pneumatic
conversion control device 17 so that the sane cl osing
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 Al
(i.e., at tinme ti) exceeds the allowable upper limt

vi brating pressure setting signal Prm the setting v

si gnaRclugtaropentting prassunel Padbizehd.| yinitiae amantitded# the internal
t hese circunstances, the appropriately nodified

set t i Pgssigria! of theqipppassagedd islvhanget Hue b therdocalrence of
signal Sc fromthe conputing control device 16 to the

el ectwatepheumeer (Seepfor examnple anvds All aA8 Abeini Rigurd A 636)), the
that the same closing operation tests on the val ve

body ct@ngeds detegtest lyotheivibratidrt ssnsofr A 858Eh Byat tled ¢idEAtIE

t he mon tests as expl ai ned above, the

inte iansignat Pais inguitecctosthe eoRputing eontréllitReviveets.
pressure setting signal Ps) for the actuator 11
requil0tEB]t o dshpart of theloperdtioMof teewatet hafinieHeab ddiing device
pi pe passage L1, which is equipped with the vibration
sensof Figdre 11§, thealetadtiod siginahPr 8ad s aﬂo@vaibi@grﬁéﬁﬁiii WBfting
step pressure holding tinme setting signal Ts (i.e.,

val vpresegienspttingrsigial) P lesconip 6 ia®thd Soriputiigssdntrofdevice
control signal Sc sel ected corresponds to the nost

sui t #B eThe sieppressise seting sighal PS iDslselEehthy meaiisH Aad
no water hanmer and to the holding tinme setting tine

Ts fslightinbowergd i tHescask Wifede, dithbligh g ﬁbﬁdtﬁh%%ls Wok beeur or

17a of the electro-pneumatic conversion contro

devifalts Withinlam alloweabkedangefat & positiorFoOR1 1@, ot tﬁﬂéeu?,i the
passage L1 is conducted thereafter by controlling the

act wdtiratiorppxcetidstiie RIS Palla Fof AthRe Pasitisn 8f Ab ., at time
stored control signal Sc.
t2). Then, the modified step pressure setting signal Ps, and the holding
time setting signal Ts for the signal Ps, are outputted together as the control
signal Sc from the computing contro! 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 vfbration occurring at
the position of A1 (i.e., at time t1) exceeds the allowable upper limit
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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[0159J In the enbodi nent 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 val ve
body 10 of the water hammrerless closing device of the
present invention so that it can be switched fromthe
full opening state to the full dosing state, and vice
versa, in 3 steps or 4 steps when necessary. In
addition, while the step holding tine setting signa
Ts i s devicedl7Isp thet thesarleibsiny bpératidn tex8EEMthe Valvd Bsdy 10 are
been observed that the shorter the tine Ts becones,
the mpeated thbreafier. it will be to find the necessary
conditions for effecting a water hammrerless cl osing.

HowevEass] t By repédting thé %Fgfa@iaﬁ t&dts BS %x?i%ﬁr%ﬁ%o@ the_

invention to utilize a holding tine setting signal

t hat intermediateopéating Présstife P4 ((SCARE @teg[ pre88re Fsie&(lt'lmbﬁ%gnal

17 illustrates a third enbodi nent, I n accordance

the Re)doethe dctusdsr 110@quiréd td AhidRIVREr hSmRlres

fluid passage, and the water hammerless cl 0si nsguag'"go“he

devi qipeipasbaigs LD &hiBRLS @auipgg? ﬁ"g“:}ﬁ%, \brdtldndensdr’ 18,is

anot her water hammerl ess ¢ ice construc

i n ascelctawith WispBct thife BrRASABL] g%%%és% hbBflg 7#7E setting

t he pi pe passage L1, the valve bo

act ugighal Tel(i.e!, RavsidIstd ffe 78S Thislbledidh d‘ée wygg%ggﬁé control

19, and the el ectro-pneunmati c conversion

The YighalIr'ShSeTBEE dfreSpitnistd th%@\éégﬁg&g)lset %}E%?P%%g]’e{rﬁéeﬁing

shown in Figure 17 Is nearly t

enmboslyhEMs P exsihg'nG Werwgfﬁyr _té)"{lﬂléﬁ\é ling tirﬂﬁitsgging time

enbodi nent shown i'n Fi gur

Dox Tftof e Fis\tonéuh d QiladRhBEL LR 1R 9P R, ™ .

fromthe vibration sensor i NS

the eradtnepMUNatitleonvarstiH Qttifdedte 37, In this way, effective

closing of the pipe passage L1 is conducted thereafter by controlling the
actuator operating pressure Pa on the basis of the stored contro! 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 fuil opening state to the full closing state,
and vice versa, in 3 steps or 4 steps when neoéssary. 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-éhoner 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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feedback signal. Tuning box 19 detects the occurrence

of a water hamrer by using the feedback signal Pr. and

out puts the actuator operating pressure control

signal Sc to the electro-pneumatic conversion device

20. Using this construction, another water hanmerl|ess

cl osing device, for optimzing the 2-step actuator
operating. pressure Pa to.be supplied to the air

actuator 11, is provided. Specifically, as stated

bel ow, the optinmal values of the step operating

pr essifventign to tilizpa beldingttime settingisigng! TsthesisishertBathan 0.5 to
illustrated in Fig. 21, and the step operating
pressdrs€caad.ding tine t, are conputed so that the

control signal Sc for outputting such an actuator

oper atd18§] pr Eigsue 47 flfustnates a tivrdedmbodiment) éniaeddréance with the
conversion 48 device 20 to the actuator 11 is

out pupfesentiaveriioncfos the methoel toatiose the didpassage dand e water
20. [0162] Furthernore, the tuning box 19 is provided

wi t h hammedess ¢losing sievice hised i ther methodc 0 Ak ishbwii@ Fijure 17,
Sc, in accordance with the operation type (N O, i.e.

Nor nednofhetyyeatechammeriess blofing device dunstradtey, iflaesGdance with
Type), of the air actuator 11 of the val ve body 10.

[ 0163fe pregentintentidn, includeisdie pipel pdseags &t the valve body 10, the
non-limting exanple of the screen display of a

per s@itgEctutor L, éhe vibtstioh skasor18) thajulingit 19l tht he

tuni ng box 19. Displayed on the screen of this

per seleatropoepaiatic canersion)devide205t aAthe wdter hammerless closing
openi ng/ cl osi ng of the val ve body 10, (b) the actuator

oper deviceof theensbodimeat shownia Rdreai7t i deQfy b sdrfié ab ¥at of
state of vibration of the pipe passage L1, (c) the

st epthe pemtaddimgnistewalingig’s{5.and pi pe vi bration val ues,
(d) the condition setting for auto-tuning, (e) the

Conqoisth SkiokeRy, indhe BHBEAmoRRMRIAA HIRRE Y, teld id e
operation type of the valve body 10, and the [iKke.
tuning 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 hammeress 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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[0164] The el ectro-pneumatic conversion device 20 of

the water hamerl ess closing device of Figure 17 is a

conmbi nation of the signal converter and the

el ectro-pneumati c converter, and includes, as shown in

Figure 19, (i) an air supply el ectromagnetic val ve B,

(ii) an air discharge electromagnetic valve F, (iii)

a pressure sensor E, and (iv) a control circuit A

The conversion device 20 is al nost the sane as the one

shown 4.0: Ei : t,Wwth regard to
delicE'2846 the gétﬂgto?qg (')ér g@gﬁ%ﬂ g)etﬁ§ slegtio-nrle

t he basi ¢c constructi on. e

not l‘éﬁﬁvér?i@ .dgv@ewjo‘.a is supplied to the air supply

el ectromagneti c valve B, and the air pressure of 0O

the_ aRHS2T o FYRHbRNRCRS laiogRok d8 bl Rt siheffor

el cct Pt RS boiR) lackffe.iB Frbuated it ng oiacalon type
it o1 02% o B A OREFe LR AR Cx. N Prb Lloses Type). o
conndif ArBuetdt £ 368 xaRe 3 Bhouer source (pcea or

o v P TEc" Fipte) ek tess 38 Byslradhisnneimiinabiamete of the
oo BNl oG PR PSRN e o e
L BSF UL Bl BVIES ot o RCBE b S e o
et nE TREQ ByStne e SHHaRYalp sedy 400l fhe adurBgoperating
"ol apreRP il Braninstudlen 1 10 the otk BF VbR af fapipe

pressure Pi SMJB_I.ied to the air actuator 11 and the
occ f3ssAge L (c) the step operating pressure Ps” and pipe vibration 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, (i) 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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vibration. As in the case illustrated by Figure 16, a
2-step actuator operating pressure is applied as the
actuator operating pressure Pa enployed in the method
outlined in Figure 20. [0167] Referring to Figure 20
and to Figure 17, the vibration sensor 18 is fixed.at
the predeterm ned position of the pipe passage L
(i.e., within about 1000 mm upstream of the val ve
body 10, and preferably at the position of about 100

and 1 oS RRUABER b HededaioPReralia bl miploressure

respeptively. 50 [0168] Next, with the water
hanmrer | ess dosi ng devi ce ready for operation, the

o O Jo18EED Bhtht obiedNehg, g P rﬁl‘cﬁrﬁgh&éﬁt@gsé%m%‘%%ﬂmam
fﬁi”'ﬁ& e%* '?’J?é‘*‘%e Fsﬁf‘f?@?éﬂwﬁ: wigfteAlian tﬁﬁls?ed
t?Imt okl el A af% ot Spfaderiants su! the odiemal
.ng"@tﬁ‘hé béﬁ%}fgﬁﬁa' fhith %%%nce%ﬂof%é%ﬁte;é’q?g

ho WPl i igh S TIES bl oo
ngiﬁﬁyﬁ% SRR it SR Freses Hiomtor ©-BREke-25TKpac)
ot ritego ot e eofneBhE Ad wilrtbp Tullia bax i gennected to
& tht’égbﬁeief% o TS GQURCLaT{o s PBreRtFate Bseteshapontol
poi nt A the step operating pressure Ps' of the

act Figsl S5 Gper at | ng pressure Pa is increased in Step

‘Egb;th oth and, in the event that vibration
oc ci? dg‘l'f? llystezites \he pesfogpangrtiow Phipestensofithe

ecr eas n
autsb— ning me useg' i)y I?he water hammeriess closing device shown in

Ps'
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 vaive 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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[0170] Through the repetition (i.e., normally 2 or 3
times to 15 tines) of the closing control of the

val ve body 10, the actuator operating pressure Pa
having the nost 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 conplete prevention of

1o 2 NGRS OBt i IRHEAE e ol o,
. of OPREN. b8 Ruc G PAA T Hh BIARIA T StertindpiheR, i
as nor? T (R vANB i KR Ol Hnundfoc B % S8cahas,
Chan TeLeh i sibn 53 152 SR Ferdlor BiSatid Fresiea & apptied
Chat B Coiroife 8 VRl o R o Rl G (3T 5128
cr osPeiibalpipesifi B 6 PR3 3o 8 MPrd ST e
T ot kel MktBg o8B i e PersBort, FS Tgifidriostng o
o apRaive GaH 198 be@eRaL AR eorvimSd By he WPrdiperdtpein
B morHaf A e bBhRon skosdi1a YR aSHpasRuRntv R
e Ao P S PE e 6 oo e v
o Rk bk ST B AR B M B i
o0 A SR e g o ' st
\%ﬁ : % Ih 2:9 t Svent {heat \F;I%rat%osn J)c%\ﬁ‘?sr gtdpc;ir];t A/ itttl)é g%elpogpeorgt?#gr >
bressure 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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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 tine t and the pressure
rise value O°P (MPaG of the fluid lines in which 3
types of pipe passages, with the fluid |ine pressures

of O, Bpalfforestun?Pa e 805 0 nd e SRy
0. 4SRN s O AEAC Wik by, BRI gpustr

t he k j MalogAs I,S..shown by Figure
221 o S ACRBIEE: eS8 ¢shBRer tbn Catign: (4

ik Y TG T Y e—

0 o o SRS A ol il A b e
Oper laghcf TR LR B e el B3B8 B oo
o A S B I o b
o1 SS0AY PRI BieATER SHo Gl G, A RSB Moot
Bl R L Y T —
i T

" FESE; OB G5 S0 oo S Gesgm vave
U b LR R0 S bt S5 by St actuator

utilj so that the 2-ste ctuat or workin ressure
Pa 8@%’%@?% psqssteoeia dn WEP SlePer aIn this case, the ste;iq ogerating

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’ s 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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hanmerl ess closing is outputted fromthe

el ectro-pneumati c conversion device 20 to the
actuator 11 of the valve body 10. [0174] In the

enbodi nent shown in Figure 17, when the auto-tuning
operation is conpleted and the actuator operating
pressure Pa (i.e., the step operating pressure Ps'
and its holding tine t) has been deternined, the data
on the operating pressure Pa is transmtted to the

el ectro-pneumati c conversion device 20. Then, the

Vi br apheamatit ealve {£0.05rfh) Wisé ilidt Yolffe dSePhi& change at the
conpl etely renoved fromthe water hanmrerless 53

cl osi vajvel epeniag/cidaiiithie. | It isishowntBy g&féezfﬁlﬁpﬁnegfreé;ﬁﬁe rise
present invention to construct the tuning box 19 so
that KNP &sn badeoughtld nédl-&rd ﬂtwﬁeb%%tﬁh%wm tielthe

el ectro-pneumati ¢ conversi on device In this case,

the texcesds 10@¢ond), Wtilethé pFRDNATS SCAWAPDE brd:R ihe Step

portion of the integrated tuning

box/ edpeeation olemgaiiect is (3SR 015 LR¥hge structure.
Feasi bility of Industrial Use [0175] The present

i NVerfo1z8] i STHRY Whéﬁ*ﬂ'l@at‘il@&uﬁﬁ%épl&ﬁgfoh‘?s é&ﬂﬁﬂgYedoérﬁagl?ne

for water, steam liquid and t e for 1 hdustr

use, cbhtrolldighd) SRI@phbieiot %iﬁrb@?n&ﬁd&sﬁg?ﬁl?%éé@% ?;ﬁé&ge L

the supply pipes for household water/

supplsyotitained (fhat isf the cntrbl éi%h‘% ol Sﬁgﬁgﬁ]gtégf 2-step actuator

senm conductor nmanufacturin | ant's,

ot hespdrafids bfés%hreQ!’é‘FHr,%cﬁiﬁginP Réat ﬂ-ﬂgﬁprye?lﬁ%?-gﬁgfﬁg Z% 8btained),

the present invention is appFicabl e :
SDPS dat on O cSITSORARSENA RO 1 operging
SLCee Y SuaSREA b e ST MR g 2
t he gnlgui §eparately stored. Then, the auto-tuning box 19 and the 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 capable 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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pressure is constant, the valve body is noved to, and
at once held at, a predeterm ned position for a short
time in the initial valve opening operation by
hol ding the driving force to the actuator at a set
val ue, or by holding the valve stroke LiG of the
val ve at a prescribed position, by adjusting the
driving force to the actuator. Thereafter, the valve
body is noved to a full closing position. As a
result, the fluid passage can be safely closed in an
54 ex{lISIRG devigeo Hawevpe it ip within e scope efthenpiresent invention to
300-1000 m sec) W thout causing a water hanmmer by
sett i FENEtHet 8& tyaingbox 18 sex hab it inmade seall in size agd integrated
force, .or the value of the valve stroke tG of the
val veW'tant'i%?'ﬁcfaomﬁwam@conm@n dpuicg 2. Flrthisexaser the tuning
i n accordance with the present invention, in the
event POH1Y Istnpt remayed becauseritforms atpodionsf the intédratd taning
en‘plngﬁaxg in which (a) the valve stroke AGis an
el e qlgctrspReusnatic gpnversion deviee strustiureg  oper at i on
is halted for a short period of time when the valve
stroke reaches the AGin the range previously set in
advance, which causes no water hammer effect at the
val v&eapbiityof lndustrialdlse t hen (c) the val ve body is
moved fromthe position having the valve stroke ,sGto
the VBI17A} ciTheiprgsenbinventiomis(appticable inet oraly wethet supliply pipes
G=0). As aresult, the fluid passage is sure to be
emer {éNater, steade liquid and dhe ke &irnglustrishuse, bub theepresent
regardl ess of the materials or structure of the valve
bodyinvertiongs afsgrapplicahle & thersupplyopipesifoe hoiséhold@ater/hot
present invention, the valve is closed by the valve
cl oswaigr, dpsupnhvpipes fadfluids digeidsplsed is theokemidndfictot he
val ve body is detected and fed back to the control
ci rduanufagiudmgplantse cheraicabasd othiee indGseiahplaggcihdahe like. In
predeterm ned val ue, pronptly and

- 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 atonce 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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accurately, at the time when the val ve body is closed.
Subsequently, the valve is noved swifthy-fromthe

poi nt of the set valve stroke AGto a full closing
position. As a result of the operation of the

st r extremelydshent ofpeestioctimeqfor éxantple 0360-2060 R gel:gfvﬁhout

the fluid passage in an extrenely short perio
u

L] neausid\a Wat6eNaAErby Ut L of R0utdfe idntioned driving

device is sinple in 557t s?ruc

al | vi lration ressure
7 oK YRR VAE e SRl HGRinalay8! R & suitable
ac g nce with the present invention, the pressure
detection value P 1 detected by the pressure detection

se PC and the closing tinme detection signal T
deﬁéﬁ@d bhURRRIMIQrgs imaceqrdaner withithe presantdaverttionpin the

t he vai%e ody 10 are fed back to the

co YGRS thagt lid @ressure deichmtes, a methodhis erployed in which (a)
setting signal SG to be inputted to the control

ci theuyalve stroke tAG iscare elementetd| cemtrol, dby thedulis @losiirfg
controlled and brought to the optinmum stroke setting

si operation is haitetbforel Shor PeHbaRS tife Whes T balk&gr&t%greaches

event that the passage internal pressure excee

althewa\t ¢n they &?@ér;ﬁ'e(rioi@{yr’%%}gﬁ a?‘é?@% gVW%IIEg ﬁgpgggrﬁ%gwater

passage is closéd, the s

ARk Wi (Y =Yoo pt.i num v e, thu ]
conpl etbg Iegéégraet\ﬁ% tv%h};e gégléggg%e%’%\e@réh gf‘ﬁ'r\é‘i""?i"%?é’ s

c i n t future h ceedi ng the all owabl e
ni’i‘?‘ﬁ%nﬁfﬁme@%m%fgﬁawés xﬁﬁfﬁwgqupwé&%e the yalvecclasing
t he ftJ ui d pgiezﬁge. 0180] Furthernore, in accordance
wWPPRPR 18 lve i &G T8k As arasulthe Auicbpadsage is
is renmovably attached to the pipe passage L1, and the
vPUfeka eaergentiy-elosed vithamt cdesingtzewater Hammer, regardless
vi bration sensor 18 is fed back to the conputing

cohthegnatéeialscer stfuctard bthet Vitv@pbapt or oper ati ng
pressure

[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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Pa applied to the actuator 11 of the valve body 10 is
controll ed through the electro-pneumatic conversion
control device 17, thereby effecting the water

hamer| ess closing nmethod. As a result, water
hanmiBe|staicturg) thereby sbiving albthecprioblerds watised:by the vibration
stroke position detection device being installed in

t he prasswelris@yinside the fliid pasgagene pressure detector
being installed in the 56 pipe passage L1. Upon

obt §0179)g t Also; imditordancé Withithe RPeserURYARIGH, the pressure
hamrer| ess valve closing (that is, the conditions to

condefdctioha/afsd Pﬁtd&tec%gfmb%}egélﬁﬁsd{i@cgp&} sensqr PC and the

corresponding to water h ri‘ess closing

o1 ki GhaS SRR T MBI IA BRI g G
PRy 1% B A R E 5080 oS S b seraoe

in accordance, with the present invention, the

i 1B 30rTudl tnfsstrakd fiiiag mignal § o becingiied ko the control
of the, valve body 10 in the pipe |ine passage which

i s GgHittls efthgwatep bammeriessavalve device| isecdnitbliled Hhd brought
actual |y operated for opening and closing by applying

t héo theaptimum stroke setting signaldn the Sele¢lasingLindé ©SAY Bresult, in
Pa to the actuator 11 of the valve body 10 fromthe

el tw eventrthutittid Passyesntdras! slexbeR é&e%astthétpagp&vg@e

opti mum val ue of the step operating pressure

t hprebstiré Ais@ Valad ﬁ{e th%??ﬁé‘%ﬂ%g\ tﬂ%ifa%%ﬁgfﬁ)@ f:i%e@gh%gét%ke

on the basis of t al  operdtion

b . . . ' . d t uat

ol 50 2y LSS BB s e

r eififletdly BiventReCin G et watos hommprdp beycausedhi the
ST B Sicerring e mlavhia nraximuoprassure Hse valie at the time

el ectro-pneunmati c conversion
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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device 20 w thout causing a water hamer in the fluid
passage. [0182] In addition, the selection and setting
(i.e., tuning) of the afore-nentioned 2-step actuator
operating pressure Pa can be conpleted wth ease by

act é Ba kng ; y 10_five o[ Six,

ti mslibisi".b bFurt eeelrlr'lrlfor 'éjp% haﬁéféﬁ'ggtﬁ%rcowgwsf%h}ﬁ%@ﬂy@ water
Pa i ' . 7 erating pressure Ps' is
ol T grGe A8 R et HercandighCiaanita e actuator
val Béefgmbhefagress re vibration can be brought to a

val HESI40g PTeRsYe; P Corgspending to water hammeslesalclosing) for the
cl o%i n%ﬁgf .the valve body 10. This nmakes it possible

to GERTUFLRIPS Pastage Li htheoribiatiomsenisoe 18fandthe computing
afore-nmentioned actuator operating pressure Pa in
adveRie! deviceolfi canlberrealoyedidnecapplied téeandthéiepipe passage,
passage. [0183] Furthernore, by utilizing a personal

cortpus eraking thesdvice icaonemitally eidvaRtadeoddi ng) of the
afore-nmentioned 2-step actuator operdating pressure Pa

cafotele  BatthemporRIR hicakibfio® WHhANE pFa3&t iShiRn> the

t he wat er hammerl ess cl osi ng vice C

ik : 841. \Wi l.e th t .
TRk 1d RINSaRED i (A GBI Bl RE SER body 10 in
ol [P P e PRl BRG NiER oA Eduatipheration.anshibe valve body
deJ"ﬂsj substit 1'fi ons, .nodi fications and
i pr ov%#éﬁl‘%oeﬁﬁ‘tﬁé PFRRENRG pBad claging by @pplying the: he

spirit, and scope of the present invention as defined
byPr Fﬂ%‘e&mﬁﬂﬁzﬁt@m Actaator eperatieg pressure ¢a 1ol thermstuatdr 11 of

1. Method for closing a fl uigl passage with a nearly
g:slz% Eragg nt]pc:c;yre)ie ) 3;":, gvezzsﬁrzgg-ep;emdénmemﬁaﬁ HRidd2@ so that
the optimum value of the step operating pressure Ps’ of the 2-step
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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pneumatically operated type actuator in the passage
wherein first, the valve body is noved in the valve
closing direction by increasing or decreasing the
pneunatiﬁpinggt to the afore-nentioned actuator to a

pr e dREPHIG BELSAMRES” Israpplieditp the etuatdre! Pos tetithe amplitude
input to the actuator is maintained at the

af or@lyeat therrressutedbfationacdrn be bresght tharnvaisk BwWedthan the
the pneumatic input is further increased or decreased

so talie fanéhe fitst actuml lefouigy bf tHe @hl@é‘fblbﬁY 3b93 Glis @%ﬂ&& it

thus nmaking it possible to close a. passag

wi t possibletesadtiiraelesbtaif s | DR rdink e
1000m sec. 2. Met hoygéfor cl osﬁ’irg{'g'aﬁiﬁ?g?Eﬁaésé@é%‘"sﬁqtﬁned
anaetc_glaybmy@ig i . e i the, pi .
passage by a d%ﬁi%g&%@? Sg"\%ﬁg%q\m%%@q)ﬁ{%gaﬁectmg the
pn t S operated type actuator in the passage
V\hg‘?iglar?af%?%‘é%( the valve body is noved in the valve

cl gai di ion by . increasing or decreasing the

pn u?ng?l c Fﬁéh?”f'ef%r?éf uiliging aPersanabgomputen the sedection and
bri ng.th& val ve _stroke to close to a predeterm ned
varsFENLAnipgLaf ther afere-mentionede2-stepoactuater mpenithigysessure
at the afore-nentioned predeterm ned value for a tine

| eE2 Gamnbe sfiprciedpromptly it extreime éags)tandalsdthe water

actuator is further increased or decreased so that the

vahe@merlasswiosingtdevice ¢dn Be thasHachiréd &t IdWESst™KI Ng

it possible to close a fluid passage w thout causing
wefi0d84h a mWhilé tHe Presnt invel AT .59 3

Met hod for cl osiengra flim 'ggg\ygégu%gw%%ﬁhagwh reference to
Nogertdin Alustrhatid Internal pressure by a .

di aphragm %E?%Q%@%&Fpé&% %qrﬁl %ﬁé‘ﬁﬁ%ﬁ?ecém"?"

0 tor.installed. ipn the fluid_ passage
WREeSiee M RAHIR, Heparitts, aybrifons mnedifieationma
clirﬂéizfg%ﬂggi rtecti chn by jncreasing or decreasing the
pheunatne TR san ke while eemainingwithindbe spiritrartcbscope of
bg_{qg&a val ve stroke to close to a predeterm ned

v esghRtinvRBetion astdafineddy thievappendedeclamsrai nt ai ned
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at the afore-nentioned predeterm ned value for a tine

| ess than 50m sec, the pneumatic input to the

actuator is further increased or decreased so that the

valve is brought to a fully closed state, thus making
Thd InweesrPtRimedGkose a fluid passage w thout causing

wat er hanmer for a short tinme within 1000m sec. 4.

Met hod for closing a fluid passage as clained in Caim

1, daim2 or Caim3 wherein the valve is a normally

cl t t L Cqdi I % C :

1. Vortaghddh 36 BHCHAR, hCp SRR stEhng, Rbadly SOARAERL internal
val ve.\/\ht%se L nsi de vol e ramai ns uncihan ed at the d with
PTERTHRE RIS RIPS DEFE8S Y & GFtHersh.Vee alth squpRped with a

closing,a fluid passage as clainmed in Caiml1, Caim
pnepmagraiiymoperrted] fps actipteeith thapassage verdein fisst, the valve
close the valve is set to be seen extrenely short,
bodgnig movieddnyviiagalyt alpsingr digschien dfy irnreasingdopdeeregsing the
iIs permtted to be within 10% of the pressure val ue
pnesimoanc beput ¢ot the afnirgenéstiontd setduati . a\jhtedietermined value,
~hammer | ess val ve device for closing a fluid passage
andCcohgxi, afteg the wakutdradynpan tactHeahorudtor idr mdinihb@ at the
val ve body, an automatic driving force controller for
aford0inésition@di VA foY aNGndellesS thanPS0 IRt de tn‘?l,etul?ﬁatri]c input is

actuator, a valve stroke detector for detecting the

furt%‘xgl" mfige{?rsgﬁeoro Eeé&gsggls\ée actdt\he 9&1@6 id %%S%.It%l?]g Cgfﬁggltclosed

val vé“openi ng/ cl osing coman

val.ve stroke detect.i,on si,gnal .and a val ve stroke.
statf s AR RESIRIE Yo I AR e et s3tSing water
driving force controlling signal SRis outputted to
hanfrﬁgré?ro‘ﬁégﬁﬁmlpkﬁﬁ’bthé%t MSCHr i ving force controller
so that the valve body is conpletely closed by the
actuator after the valve stroke of the valve body is
mai nt ai ned at the set value for a short period of
2. tiMethod for closing a fluid passage with a nearly constant internal

pressure in the pipe passage by a diaphragm type valve equipped with a
pneumaticallv operated type actuator in the passage wherein first, the valve
body is moved in the valve closing direction by increasing or decreasing the
pneumatic 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 time less than 50m sec, the
pneumatic 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 a fluid

passage without causing water hammer for a short time within 1000m sec.
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7. Water hammerl ess valve device as clained in Caim6-
wherein the valve body is a diaphragmtype val ve and

the actuator is a pneumatically operated type
actuator. 8. Water hammerl ess val ve device as cl ai ned
3. i nMaithorh for glosthgianilid phesagenhaviagweainva-taritans pdpe passage
normal |y cl osed type di aphragm type val ve, the
inteagaluptedsurs mn aadiaphiragsu thadvalve reduippedaritit ® pneamaatically
the tinme needed for fully closing the valve is set to

opeRfte@Xvbe R thatdlOfdsthlled B MG pabsLed WwhebeinVBFR! the valve
hamer | ess cl osing device for a wa d passage .
bod${ 99Rhbvéd 9n theVHIEE rcli?e?t?io\ﬁfak)yq AR G 8o RIrOYd desing the
th a val ve body, an actuat or 0 3T|V|ng the val ve
r.driving.for traller. fo
oneffitic MpfE 18 b8 2 RS 3B, S Blinkd v stroke to
actuator, .a val ve stroke detect for 1 detecting a, .
clos§ g FepEideRat Gied Kaurarod Bisty olten s vaTh POPRE P dlpitained
to which a  valve qgpening/closing conmand siayal S, a
at tlvfaaf&resm@aklenaétl@@dﬁ%ﬁfﬂyngﬁa«alusgoraﬁ dime Jegs /Ehan pgRe sec. the
setting signal SG are inputted and from which a
pnedmalinigpudrtoetheonttiaitor myfuitigemincgRased ondparaasgdisy that the
the afore-nentioned automatic driving force
valve anbrahgiet tea fullpicldded Malte,ahindyaking dnpdadibleyto close a fluid
cl osed by the actuator after the valve stroke of the

passaeavitREMt chuBRighvatdiathmaterdfod & sidtt Uiné SFitkinS POOOm sec.
period of tinme; a pressure detection sensor for

detecting the fluid pressure in the prinmary side
passage; and a conputing/storage device provided with

4 o SRRRLISERIEINE | il oiPAed oR HREREH A CRUFRS Viaim 2 or
e-nenti oned

.flyid passage and com ng fromthe afor .

Clai, . BHPES o PRl R andarmaly losth s REeiRaGE i daphragm
signal T fromthe closing tine detection L

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
seen 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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sensor, an allowable pressure rise valve setting

signal PMand a closing tinme setting signal Ts are

i nputted, and in which the conparison between the

af ore-nenti oned pressure detection signal Pl and the

al l owabl e pressure rise valve setting signal PM and
further the conparison between the closing tine

detection signal T and the closing tinme setting signa

TS are effected, a storage circuit for holding the

data relating to the relation between the pressure

ri se \Pal Ydalghhammeriess yrivegievicerfor clasing adlid Pa43298iddthprising
to the closing tine, and a conputing circuit for

sel ectd Yiva pRAWB8 achiatardor driving thekalheetddyngn watossaticdriving
the allowable pressure rise value setting signal PM

and t fRICR reatroeligr formsljusting tiey deving fdrcd B Ielinpatted kS the actuator.
conmparison results in the conparison circuit. 62 10. '
Vat er 2¥alveestioke detsctoriforydeteoingethe valvelstrokb of thePAH v BSdy, and
as claimed in Caim9 wherein the control circuit of

t he vRCaRtrelsirauit taswkich al walvelepening/tlssing Cormitid $ISHAS, a
that the closing time setting signal TS is inputted

i nt o aie steakerdebectionrsignal Spandravalid strokeSetling sighaFsG%re
the fluid passage can be controlled by adjusting the

oper depufiedsndioro whittea dving farce abntréling sigRal SR is ¥adtblfied to
is closed. 11. Water hammerl ess cl osing device
conpithesaiete-mentioned butdinatiedrivingtfordt @onfréfler&o thiaf Welafe

val ve body; a vibration sensor renovably secured to :
t he bp@etspmmlymfoseummtacamfsaf&etﬁéfvéwl;-esffa&é\;ﬁﬁ thﬁ'i}alve
el ectro-pneumatic conversion control device to whic

a vabedy ispeaintained atthe getoriE o a shoktpkiol Bf tifaut t ed

and which controls an actuator operating pressure Pa

to be inputted to the actuator by the control signa

Sc stored in the data storage unit in advance; and a

conplit iWatec bamnwdriede valve devizei séadhitielilin €laim 6 wherein the

| 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 passagé comprising:
a water hammeriess 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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conpari son conmputing circuit to which a vibration
detecting signal Pr from the afore-nentioned

vi bration sensor, a step pressure setting signal Ps to
be supplied to the actuator, a holding tinme setting
signal Ts for maintaining the step pressure, and an
al | owabl e upper Iimt vibration setting signal Prm
are inputted and which nmakes a conpari son between the
afore-nentioned vibration detection signal Pr and the
allo e upper limt vibration pressure settin

si g n%ﬁ%‘ﬁ%"% okerRf t{'ﬂ Xalye @géy- Aadta eondep! sirgqu't to which a
press [ Ps such that the control

setting,signal
si gnal%@é 088%'88:&?‘ cemmangssignal Sea valyastrole detedtion signal

time tri,n ignal. Ts and the nodified step sg

press %Eeang&q Yéfs'\ﬁ%s%?lfﬁ%?m% signal YGase inpatfed and iomlwhich a

st or age .unj,t of th?, af ore- nenti oned el ectro-pneumatic
conve PG EPRiolling sighal SR is auputtedtarthe afaresnentioned

cl osi nlg degi ae .as . claimed in Caim1l wherein the

conput GG ALYIRY fofes ceatrellanspitkatdhe valve pody issampletely
setting ci.rcuit, a holding tine setting circuit, an

Al | oviled qyp‘ﬁé Aclyaterafiar thevalvm steeke ofithe valechddy, is naintained
vi bration, pressure detection circuit and a conpari son
conp Pﬁ&tg?'i-'% fta shothperigebofdinegs pressure signal Ps is
nodi fied and raised in the event that the vibration

det ecti on &iRjR8suredeterdion seasorifandetecting the dllidprelsbare in the
actuator qperating pressure is changed in a step
mannBfMayRdRIRassagesandwabl e upper linit vibration
pressure setting signal Prm while the step pressure
setting si@fampoyng/stasage device prodidedweitteal comphHeorewidilit to
that the vibration detection signal Pr indicated

i mreMiigh 8injesure detestionisignat Bt defeeting ihedntepial $86Esuré f the
brought to zero fromthe internediate step operating

pr eJUist Rassage aad sontirg frbindthe fere wperetionkd Préssurd Hatdcidn

pressure setting signal Prm 13. Water hammerl ess
cl o$PRYIaR losingdime Halestioh signgl Bfromlthe cWafigire 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 n’se_ value and the stroke setting value oorresponding
fo the closing time, and a computing circuit for selecting the most suitable

stroke setting value for the allowable pressure rise value setting sighal PM

and the closing time setting signal TS out of the comparison results in the

comparison circuit.
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el ectro-pneunati c conversion control device conprises
a data storage unit to store the control signal Sc
fromthe conputing control device, a signa

conversion unit and an el ectro-pneunmati c conversion
unit, wherein an actuator operating pressure contro
signal Se and an actuator operating pressure Pa are
outputted fromthe signal conversion unit and the

el ectro-pneumati c conversion unit respectively on the
basis of the control signal Sc' for no water hamer
stored in the data storage unit in advance. 64 14.

Wat er Ea rl ess closing device conprising an actuator
oper afl&d %@%{W@eﬁ@@m device fer the dluiti pressageas ciiimed in

el ectrp-pneunmatic conversion device to supply a
2- st eégggm%ﬁe"bﬁﬁmfﬁbdmﬁsﬁ theewater hantrheriess valeQdevice is
operated type valve, a vibration sensor renovably
secur¥tcstiugtedthptthelasing)time setting sigret! T&amirpiutted @fto the
the afore-nenti oned actuator operated type valve, and
a t urfioRgobErcuitsodhrtthedime for atosing tHe flaict passagé easbe Pr
detected by the vibration sensor is inputted and which
out peatralieddhy adjusting theaipesationespiskd of tiee A¢toatrn attidttinte the
conversion device to control the level of a step
oper ¥giveds plpsedure Ps' of the afore-nmentioned 2-step
actuator operating pressure Pa so that the
el ectro-pneunmati c conversion. device is permtted to
out put , v?,y adjusting the control signal Sc, the 2-step
act ubit-orWaiep bammentessrotosing deviee vorhprising asiafie body: an
oper ati ng geessure Ps' permitted to bringing thé

r

vi bragluaar e deivingdhe salge bbdfra vibraliod seASsrembRablyBEARE to
for closing a fluid passage wherein a vibration Sensor

i s thepipedimsgage onithe dpstredrh eidenstithie 0ans] sifeRbtréBneumatic
actuator operated type valve installed in the fluid

pas sagegrsmmadniral devicelti witich arvahiedspnimi/clbsRG \cbAftnand
vibration sensor is inputted to a tuning box and a
consigoal isiinmetedSand whigh cbatrols 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 éctuator, a holding time setting signal Ts for maintaining
the step pressure, and an allowable upper limit vibration sefting siénal Pm
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

63



tuning box is inputted to an el ectro-pneumatic
conversion device so that a 2-step actuator operating
pressure Pa generated in the el ectro-pneumatic
conversion device by the afore-nmentioned contro

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 65 operating pressure Pa and the vibration

-~ signal Pr is checked in the tuning box, and a step

oper apiedguy QI6AY Sighdt Ps Sre'oi .d"r;g t@ﬁéﬁ%}’ﬁé&g&%ﬁt of the

vibration is generated at the ti ctuator

oper akloRgmidlished Blebifo-bRelMUBE BhldlsibRBohfisitleviEeP
while the step operation pressure Ps™ is owered in
the event that vibration is generated at the tine when

the actuator operating pressure Ps is |owered in the

seconfd. s Wite Aafnfiidrieds %E?‘u | eRHEERg claﬂ{deaziﬁjd§mp ivfieRin the

rai sing or |lowering the arodre-nentione epped

OPer Bomipiting oR6IIcTRe BfrisEOSTHEH ol s %é[qﬂwrgtgé}?cu?tf &§°

operating pressure p Oper

Pr es figldind FmilakingCattulP rén@lo%?le‘én{:&e?tgglwggﬁ&? 44688 circuit,

signal Pr to near-zero, thereb

i o ey e PREsURATEEh cROA 30 8 colifarsEh Kbl Srguit
tho “AT RIS RED prtBule ShER ERE FRXIE BRI o Ml oot e
v o e oA HefRugh s 2 hdRatckmiliaefidhe e JoBétor °°

Met htbrititg sre8SiaSs aquAg%qn %%3@%&%9{%@%%&% ﬁée allowable

vi bration~sensor i's nmova _
Bl e e RO
o o 81 RIS el i Bl
it Rg{:ﬂege%%ﬁ Qighll B/ Rk RaRnGY I?Etie® after the asri:tt?r[i]to(n;I Sg\)lér%(teins ©
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 outputtedfrom the signal conversion unit and the
electro-pneumatic conversion unit respectively on the basis of the control

signal Sc¢’ for no water hammer stored in the data storage unit in advance.
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2-step actuator operating pressure Pa generated at the
el ectro-pneumati ¢ conversion device by the

af ore-nmentioned control signal Sc is supplied to the
actuator for closing the actuator operated type val ve
in a 2-step operation, wherein the relative relation
bet ween the 2-step actuator 66 operating pressure Pa
and the vibration detection signal Pr is checked in
the tuning box, and a step operating pressure Ps' is

| owered in the event that vibration is generated
at.the tinme when the actuator operating pressure Pa
is raised inthe first step while the step operating
presstd.e Waterimaniedssd cloging BEVi&Y 86 H&ﬁg ah S@tbPBpdrited
generated at the tinme when the actuaPor perating

pr esstype vEeiinstaliddsiac fluid pASsRRCARA ‘é_le?{tr%gprg%ht{oglﬁ:too?wersion

pl ural nunber of adjustnents by raisin oweri ng

he af ' ' '
t he adavice-towuppRreelsEpeictensr aéérB?rll% BF&%&PH Balts gmseaécg?ator

repeated to obtain the step opera pressure

e the . .
the ~cpordted typaranid, adiblatss H%ﬁsﬁ%%bsﬂ!ggg@'ta %éberae

vi bration detection signa r to near- here

dosi pgsédyge ¢ MeugsaebhPsgs o?‘ﬂie%#)r%r-wgﬂ% Q?tuétllsg ﬁg\?rated

val ve on the basis of the data of the contro

Sc_ptypeiviid, ahd aening ok tALH £ Gibstint B QBRIALLA pr

pressure Pa with the step operating pres

capaiiétectel bytha Qim&idﬁ?erg%P i &t&% aéric{ %Eha&dﬁn% G%ontrol

near-zero is outputted fromthe Ctro-pne

CONVeEgiT Tt t5eNe E%ctr%newﬁhlﬁe %gﬁ\gérrs@%%r\éb%ég %E"Pglpﬁ level of

passage as clainmed in Clarm

bo. enehoRr B ERuE RS LT MRS hetfibnBi2: drn et
f ' - ' : - e
capa R e P S B o PR Rt BiniOh govioe i

neabhsgRiRd 68 | .St orag vi ce of
t hebel ectro- pﬁ'ggr?ra%t}l écdwéé{é“r‘!\?@? é:?rg%& %gfﬂag gc' E'edze's{e" acluator
operating pressure Pa with the step 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 instailed 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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67 18. Method for dosing a fluid passage as clained in
Gaiml5 or Claim16 wherein the vibration sensor is
| ocated within 1000mm upstream of the |ocation where

the actuator operated type valve is installed. 19.

Met hod for dosing a fluid passage as clained in Caim
15 or G aim16 wherein the stepped operating pressure
holding time t of the 2-step operating pressure Pa is

set at less than 1 second. 68
operating pressure Pa and the vibration signal Pr is checked in the tuning

box, and a step operating pressure Ps’ is raised in the event that vibration
is generated at the time when the actuator operating pressure Pa is
lowered in the first step while the step operation pressure Ps’ is lowered in
the event that vibration is generated at the time when the actuator
operating pressure Ps is lowered in the second step so that a plural number
of adjustments by raising or lowering the afore-mentioned 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 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 vibration

to near-zero is outputted 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 and the vibration detection signal Pris checked in
the tuning box, and a step operating pressure Ps’ is lowered in the event
that vibration is generated at the time when the actuator operating pressure
Pa s raised in the first step while the step operating pressure Ps’ is raised
in the event that vibration is generated at the time when the 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 repéated to obtain the step operating pressure Ps’ of the
2-step operating pressure Pa which can bring the vibration detection signal
Prto 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 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.




18. Method for closing a fiuid 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.
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