WATER HAMMERLESS VALVE CROSS REFERENCE TO RELATED
APPLICATIONS This application is International Application No.
PCT/JP2006/315179, filed on July 31, 2006, which claims priority of
Japanese Patent Application No. 2005-368730, filed on December 21,
2005, the entire content and disclosure of the preceding applications are
incorporated by referegge.into MﬁgnVMGROUND OF THE
INVENTION FIELD OF THENVENTIONTHIS-mvention relates to a water
hammerless valve with a pneumatically-operating valve for opening and
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BACKGROUND OF THE INVENTIOW
FIELD OF THE INVENTION

This invention relates to a water hammerless
valve with a pneumatically-operating valve for opening
and clesing the fluild channel through the pneumatic
actuator operaticon to contrel opening of a fluid

channel caused by the occurrence of a water hammer.

DESCRIPTION OF THE RELATED ART

It is well known that the water hammer resulting
from a sudden closure of a valve placed in a pipe in
which fluid such as water passes. The water hammer
causes rapid increase in pressure along upstream from
the wvalve closing point, which results in a pressure
wave. The wave 1s transmitted within the pipe at a
constant speed, and 1t alsc vibrates the pipe or makes
the noise.

When the water Thammer occurs in the ©pipe
including the pneumatically-operating valve for
opening and closing the fluid channel through the
pneumatic actuator operation, a spring provided in the
actuator is compressed by the water hammer pressure to
move the stem upward. Therefore, the fluid channel is
forced to be slicghtly opened to cause a backward flow
of f£luid.



wave. The wave is transmitted within the pipe at a constant speed, and it
also vibrates the pipe or makes the noise. When the water hammer
occurs in the pipe including the pneumatically-operating valve for
opening and closing the fluid channel through the pneumatic actuator
operation, a spring provided in the actuator is compressed by the water
hammer pressure to move the stem upward. Therefore, the fluid channel
is forced to be slightly opened to cause a backward flow of fluid. 1 An
effective’méthd8 ©6 prevehetheciuid-ehanrrel §iom dpenidg by theshvatare
Hammes peessute might be avtoreible pressire applied;tothe stam frem 4
rd to_ interfe valy ing. For.example, Japanese ultilit
lfm%\%%%u eIic ?{C)eng%ﬁ%%%g:%ﬂp%gg-%%4%o(Jﬁ?uekais §81 55%5) %‘?s‘fc?gsdesto
this"RiRd Bf A prict afeHY the ReRARfe disclosed therein, a cylindrical part
is provided with a male thread in the upper stem. The cylindrical part is

For example, Japanese utility model publication
Jitsugan S$58-48479 (Jitsukai $59-152255) discloses
this kind of a prior art. In the technigue disclosed
therein, a cylindrical part is provided with a male
thread in the upper stem. The cylindrical part 1is
screwed with
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screwed with la a bolt, wherein the bolt compresses the upper end of the
stem. However, the technique disclosed therein requires to press the
stem with the bolt manually screwed by operators in the field, which
results in complicated operation. it is difficult for operators to take
immediate responses in an emergency situation. Japanese utility model

ublicatjon Jitsugan 563- 135498 (Jitsukai H02-56984), on the other hand
(%ﬁs?:l?gge%’ an%t?r?egrevja%e Comptising & SIBBPEF Tonfigdted thimake T of
Vidle BpERiIng to be constant, a stopper actuator configured to activate
the stopper, and a remote controller configured to transmit a remote

signal tg the stopper actuator, The stopper presse tjé upper end of the
stem. T éﬂ%?ﬁ%rﬁﬁué %?scl%es(é i %Sar(?elssé%l ity Mo g? p%)%ﬁcalf%%mres

JitsugHr 883-135498 Ftsukair H02-569829 1i§ sseriot 16 thescrEiethe by
tephnigtie disclosed in= Japanese uiility snodekpublicatiam Jitsegan i cated
%é%%@ézgn. It i1s difficult for operators to take

immediate responses in an emergency situation.

Japanese utility model publication Jitsugan S63-
135498 {(Jitsukai H02-56984), on  the other hand,
discloses ancther valve comprising a stopper
configured to make the valve opening to be constant, a
stopper actuator configured to activate the stopper,
and a remote controller configured to transmit a
remote signal to the stopper actuator. The stopper

presses the upper end of the stem.

‘The technique disclosed in Japanese utility model
publicaetion Jitsugan $S63-135498 (Jitsukai HO2-56984)
is superior to the one in the technique disclosed in
Japanese utility model publication Jitsugan S858-48479
(Jitsukal 859-152255) in terms of the remote control
avalliability. However, the disclosed technigue is to
maintain to open the wvalve in certain degree in a
regular situaticn. This does not prevent the water
hammer pressure from opening the fluid channel when

the valve 1is closed.



(Jitsukai S59-152255) in terms of the remote control availability.
However, the disclosed technique is to maintain to open the valve in
certain degree in a regular situation. This does not prevent the water
hammer pressure from opening the fluid channel when the valve is
closed. 2 In order to solve the above-described problems in the prior arts,
the present invention provides a water hammerless valve which
automatically prevents 2a the stem from moving upward when the water
hammefocéige Using telwatek hammreriessdaive; itispossibleltons in
catdrop mﬁﬂf_ ir%@fstheﬁlwl d@wml Esiggyga@ah@m@wln%y@aibﬁ@%e@ti%ter
igured tq open.and. close the fluid channel through the
s to) oporon SOMTMERY ORI/ ERTIGN 17 a st
aspect of the invention, there is provided a water hammerless valve
comprising; a pneumatically-operating valve comprising a valve disc for
opening and closing a fluid channel by moving upward and downward
through a pneumatic
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actuator operation, and a limiting mechanism for interfering upward
movement of the valve disc when the water hammer occurs, wherein the

limitin chanism comprising (1) a stepping motor fixed on the upper
the a%%u%q%r%qﬁa%cmg?ﬁlgn ro%g{%lﬁ 2siha‘f*f e%;ngi]ﬂ@ dSRARArdNA @) occurs.
Us ingertidet movement: ebipoheRBconhetted to-the totatimrsshaft of the control
openstegping m@@orﬂ@umvmga%m@ardu&h%tZ@H@taéh@@LﬁMti_r@&t@r?ilf’b@@%ating

rotati irection, and for moving downwar en rotating sha
valvfotg%é]ég Fr%ﬁ?é%ggpc?gﬁe Fo%gtzllnga(ﬁﬁgcﬁofr?,s(%) a\g E)g\ﬁ/ver &é%ctf%%agonrﬁéon%ﬁough
the ppejensdting the FAG TRt thes/ettidst movement component contacts the

upper end of the stem connected to the valve disc when the lower

detecting component mgyas oW nvardtiagsatrol device (a) for

ratating the stepping motor in one direction when the control device starts

ait Supply tothe atfRR6T (5) Forrdtating TRF& Steppingtifotér intherovided a
wategppositerdiréetion whehvthe contpalidevice; staps raiesupply,cand (¢) dorrating
val v@a%ﬁ.@%@ﬁ@péim% the: stepping mgior whenthg loweyend,of. £1;:4
chanf2iPCUNg companent delecte the fact 3AMemadmentof e present acsc
actuator operation, and a limiting mechanism for interfering
upward movement of the wvalve disc when the water hammer
occcurs, wherein the limiting mechanism comprising (1) a
stepping motor fixed on the upper actuator and including a
rotation shaft extending downwardly, (2) a vertical movement
component connected to the rotation shaft of the stepping
motor for moving upward when the rotation shaft rotates in one
rotating direction, and for moving downward when the rotating
shaft rotates in the opposite rotating direction, (3) a lower
detecting component for detecting the fact that the wvertical
movement component contacts the upper end of the stem
connected to the valve disc when the lower detecting component
moves downward, (4) a control device ({(a) for rotating the
stepping motor in one direction when the contrel device starts
air supply to the actuator, (b) for rotating the stepping
motor in the opposite direction when the contrel device stops
ailr supply, and {c) for <transmitting a stop signal to the
stepping motor when the lower end of detecting component
detects the fact.



3a relates to the water hammerless valve may further comprise an upper
detecting component for detecting the fact that the lower end of the

an ev%rggal mo%fmgntcgom onent reacltlt{:}se H]E% redefined position higher

than thrg%?g est positio o??ﬁgtu&per end ot the stem when the vertical
movement component moves upward, wherein the control device
transmits the stop signal to the stepping motor after said detection. Yet
another embodiment of the present invention relates to the water
hammerless valve, wherein the vertical movement component may
include a female thread to screw with the male thread fixed to the lower
end of the rotation shaft of the stepping motor. In one embodiment of the
present invention, the stem of actuator moves downward, when air supply
to the actuator is stopped. At the same time, the rotation shaft of the
stepping motor rotates in the reverse direction to make the vertical
movement component move downward. When the vertical movement
component contacts the upper stem of the actuator, the stepping motor is
stopped, as well as the stem of the actuator stops with being pressed by
the vertical movement component
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from the above, which enables to prevent from the stem moving upward

and to interfere the fluid channel opening when the water hammer occurs.

In_addition, when air is supplied to the actuator, the stem moves upward
r81a§r?§ tﬁceorofgi%n%%aﬁrof?hgegmseféféﬁﬁﬁ mvi)attoyrv r%ta} ad in%ﬁe%ﬁé%t%#% rese an
uPPemalkdethetlerichl AGVerEt compeneREheé UpWard "Fhefefbie, 4£te-  the
Lowevertieatimoyementecomponentsbesmotdimitthe opepingaperatienohthe the
pred@ﬁ%@&”%sﬁ%%ﬁ” H%{h%’?b%@ﬁ”t@fﬁéhe:rPIS%%@ﬂ”"SBE?‘%’i5'?19 of the

control device enables the stepping motor to stop "when the vertical

UPPERoGEtient EompéneRtfBved iipward and’ #e bEdm BPIFRTESmpareRponent
movereachesitsi predéfined! positien kighérthan thevtiighest pesition of thehe stop

s1gndRPeY, ster. Thus it is possiblg o sfop.thevertical smovement component

automatically when the vertical movement component is placed in the

predefined position not to contact with the upper stem. Yet in another

ermbodirerit ot thepresehitninventioh, & thread meehanismrisprovidedtolates
to (00AN@Elter hammerless wvalve, wherein the vertical movement
component may include a female thread to screw with the male
thread fixed to the lower end of the rotation shaft of the
stepping motor.

In one embodiment of the present invention, the stem of
actuator moves downward, when air supply to the actuator is
stopped. At the same time, the rotation shaft of the stepping
motor rotates in the reverse direction to make the vertical
movenent component move downward. When the vertical movement
component contacts the upper stem of the actuatcor, the
stepplng motor is stopped, as well as the stem of the actuator
stops with being pressed by the vertical movement component
from the above, which enables to prevent from the stem moving
upward and to interfere the fluid channel opening when the
water hammer occurs. In addition, when air is supplied to the
actuator, the stem moves upward and the rotation shaft of the
stepping motor rotates in one direction to make the vertical

movement component move upward. Therefore,



the rotation shaft of the stepping motor and the vertical movement
component. Thus it enables the stem not to move upward when a big
upward pressure is provided in. the stem to limit the fluid channel.
opening without any failure. 5 BRIEF DESCRIPTION OF THE
DRAWINGS Hereinafter, preferred embodiments of the water

hamemerless valve aceordingto theoprieseatinventien wilk-he desgribed: e
vaitutelerengedo e diawipos.£ia:| is @ischiermgic view of the whole

water hammerless valve according to the [():reseht invention. The valve is
in the closed position. Fig. 2 is a schematic view of the whole water
hammerless valve according to the present invention. The valve is in the
opened position. Fig. 3 is a block diagram showing the whole water
hammerless valve according to the present invention. Fig. 4 is an
enlarged view of the limiting mechanism extracted from Fig. (a) shows a

front view, and (b) shows a side view.
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Fig. 5 is a flow chart showing the movement of the water hammerless
valve according to the present invention when the valve is in the opened
position. Fig. 6 is a flow chart showing the movement of the water
hammerless valve according to the present invention when the valve is in
the closed position. 5a DETAILED DESCRIPTIONS Fig. 1 and 2 are
schematic views:ofthe whbled ivater-hammmerless yalve aceordingdather
present Jnpvention, Fg. 1. shows the valve in the glosed position, and Fig,
2 shows the valve in the opened position. The Water Hammerless valve
atiGing fo the™ present MyEfTEH Confisiss e phedtRaticallyeperaingnd
vahe (Doprovideddn the zippernvalvesagssembly dor: 0penirg and-clesing i

flyid.channel through a. ppgumatic Qﬁ%@@%&%@%&@d&"r@E@gupp-@r

I

m(;chanisr%, (2) for interfering upward :movement of the valve disc_when
the Water hammer otcurs® ThE PheumaticallyZopératifig vaive (1) Rasacal

kaeWeinent component automatically when the vertical
movement  component 1s  placed in  the predefined

position not to contact with the upper stem.

Yet in  ancther embodiment of the present
invention, a thread mechanism is provided to connect
the rotation shaft of the stepping moteor and the
vertical movement component. Thus it enables the stem
not to move upward when a big upward pressure is
providaed in the stem to limit the fluid channel

opening without any failure.



structure comprising a valve assembly and a pneumatic actuator. The
valve assembly includes a valve body (10), stem (11), valve disc (12),
bonnet (13) and compressor (14). The pneumatic actuator includes a
spring (15) and cap (16) provided on the upper part of the valve
assembly. A fluid channel (10a) and valve seat (10b) are provided on the
valve body (10). The cap (16) is provided with an inlet port (17) and an

air passageway (18) through which the air (compressed air) is supplied
RS e WRSLCRAF TIDN0IHe TEEH PRI IHCSOring (15). In the
pneumaticadlyropetating V@L\/@f(@lhdﬁﬁcr&ﬂﬁdﬂﬁ%ﬁﬁii@e spring: (L5) isﬁ(a’é )eg
GOmpr - alr pr. re.introduced info the air passagewa

when ﬁ%gg %ys%gﬁﬁgd iﬁstgétkk%eF %%1}@16 %orﬁ‘tﬁe }i}nﬁé’t%or%f (1?‘)?%%%%}%
fhe-stemMY13FaRd CoRtpréddst 6aERGIRI Translakibh feEPEFPifblication
PCT/JP2006/315179 (14) which have been compressed downward by the

spring @b) move Yawagd o-hematic view of the whole water

hammerless valve according to the present invention.

The valve is in the closed position.

Fig. 2 1s a schematic view of the whole water
hammerless valve according to the present invention.
The valve is in the opened position.

Fig. 3 is a block diagram showing the whole water
hammerless valve according to the present invention.

Fig. 4 1is an enlarged wview of the limiting
mechanism extracted from Fig. 1; (a) shows a front
view, and (b} shows a side view.

Fig. 3 1is a flow chart showing the movement of
the water hammerless valve according to the present
invention when the valve is in the opened position.

Fig. 6 1s a flow chart showing the movement of
the water hammerless valve according to the present

invention when the valve 1s in the closed position.
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to separate the valve disc (12) from the valve seat (10b). Therefore the
fluid channel (10a) is opened. On the other hand, when the air supplying
from the inlet port (17) is stopped, the air pressure introduced into the air
passageway (18) decreases, and the spring (15) is extended. Then the
stem (il) and compressor (14) move downward to contact the valve disc
(12) with the valve seat (10b). Therefore the fluid channel (10a) is closed.
Supplying and stopping air to the pneumatic actuator is switched by an
electromagnetic valve BREVAHFEIPEFRETTI®NDlock diagram showing
the whole water hammerless valve according to the present invention.
Fig. 4 is an enlarged view of a limiting mechanism (2) extracted from Fig.
1. Fig. 4 (a) shows a front view and Fig.4 (b) shows a side view. The
limiting mé&chanisfi®?) c%mBﬁ?es%cﬁﬁﬁﬁﬁ\b%oYéﬁ@%)) fiked bcthe/fsp-e
ofzthe pnebmatic actuator, aakrtical movementgomponent (1) provided:

R, adAtation Shamf the ﬁtemwg‘m%@%&%ﬂ end detecting: ¢ seq
comp nent (22%1%@ igured t detect arr|v$ of the vertical moving
th

g&rﬁponen (21 16wer en& S fippef 8nd detécting tormponetit {25
Gorifigured:to detect the arrival of the vertical movement component (21)

at the upper end, and a control device (24) configured to control drive of

the stepping moter (20} 2asea, 9 signals fiam the, lower end detecting, .
present invention comprises a pneumatically-operating
valve (1) provided on the upper wvalve assembly for
opening and closing -a fluid channel through a
prneumatic actuator operation, and a limiting mechanism
(2) for interfering upward movement of the wvalve disc

when the water hammer occurs.

The pneumatically=operating wvalve (1) has a known
structure comprising a valve assembly and a pneumatic
actuator. The wvalve assembly includes a valve body
(10), stem (11), wvalve disc (12, bonnet (13) and
compressor (14). The pneumatic actuator includes a
spring (15) and cap (16) provided on the upper part of
the wvalve assembly. A fluid channel (10a) and wvalve
seat (10b] are provided on the wvalve body (10}. The
cap (16) 1s provided with an inlet port (17) and an
air passageway (18) through which the air (compressed
air} is supplied from the inlet port (17) to the
bottom of the spring {(15}.

In the pneumatically-operating valve {1
described above, the spring (15) is compressed by the

alr pressure introduced into the air passageway (18)



component (22), the upper end detecting component (23) and the above
electromagnetic valve. 7 English Translation for PCT Publication
PCT/JP2006/315179 The stepping motor (20) is fixed on an upper portion
of base (3) which is placed and fixed on the surface of the cap (16) of the
pneumatic actuator, wherein the rotation shaft (20a) extends downward
and the rgtatlng shaiftS ag% the_Lstem aof tl;l Ive assembM%re 34|§ned on
the same axis. A male thread member ( SDIS ixed 6h the bot om portion 0
fhe! FotafiGi 8haft of thel SteppingliRofor T20) Il the2dsime FRRIGITRe
rotation shaft (20a). The male thread member (4) rotates together with
the rotation shaft (20a) of the stepping motor (20). The upper portion of a
male thread member (4) is an attachment (4a) including a hole to which
the bottom portion of the rotation shaft (20a) is engaged and fixed. The
bottom portion of a male thread member (4) is a male thread part (4b)
where the male screw thread is arranged in the outer peripheral wall. The
vertical movement component (21) comprises a cylindrical body with a
bottom (21a) where a female thread is arranged in the inner peripheral
wall, and a rod (21b) which horizontally extends to the right and

6a



left direction from the outer peripheral wall of the cylindrical body with the

bottom (21a) so that the rod extending to theslighTeirattiam inaPODP@EIication
the rod extending to the left direction. The male thread pagt@gpoiihe/s15179
male thread member (4) is screwed from upward with the female thread

part of the cylindrical body with the bottom (21a) The tips of the right and

( Rro ected late from s | prowde QR the side
L A By B e ot e e st
to dewatRded teneaiatiise ﬂi@iﬁmmﬂaesv@ﬂmﬁwr Gk ﬁ?bmrrerfrms the fluid
chRuhkddtion) PCHIIR2H06/315179 almost the same as a diameter of the

rod (31). Thus, it enables the rod (21b) only to move vertically along with

the slit (31), and enables the cyllndrlcal body with a bottom (21a)

integhHeth it iRE PR TERGRIRS ABVEnBHEaly T TRerBR il thaport (17) is
stoptatibntisenairatiovsedrAtnording:td thetabbredonfigistationawlies) thecreases,

aﬂeteﬂgngﬁgg%@@ qf @&a&%ﬁn 0%1&%%@59 Xﬁ'ﬁ‘ ORg %%%ESP&A& (14)

also rot male thread mem er (4) tog s a result
MAYkn ﬂ&ﬁ}‘ﬁ&&? WRIFEREAEbtER BNPs svflvﬁm’@l nfdie ikl seat (10b).

Threefber {1y 0undeb smaedd@4b)s upveard] together. On the other hand,
when the rotation shaft (20a) of the

Supplying and stopping air to the pneumatic actuator is switched by
an electromagnetic valve (shown in Fig. 3).

Fig. 3 is a block diagram showing the whole water hammerless valve
according to the present invention. Fig. 4 is an enlarged view of a limiting
mechanism (2) extracted from Fig. 1. Fig. 4 (a) shows a front view and Fig.4
(b) shows a side view.

The limiting mechanism (2) comprises a stepping motor (20) fixed on
the top of the pneumatic actuator, a vertical movement component (21)
provided on a rotation shaft of the stepping motor (20), a lower end
detecting component (22) configured to detect arrival of the vertical moving
component (21) at the lower end, an upper end detecting component (23)
configured to detect the arrival of the vertical movement component (21) at
the upper end, and a confrol device (24) Conﬁgured to control drive of the
stepping motor (20) based on signals from the lower end detecting

component (22), the upper end detecting component (23) and the above
electromagnetic valve.



stepping motor (20) rotates in the opposite direction, it also reversely

rotates the male thread member (4) togethgry With thejt £otafiom e hiication
cylindrical body with the bottom (21a) screwed with the g §/315179

member (4) to move the rod (21b) downward together. The loweren
detecting component (22) comprises a contact sensor mounted on the

lower.end of the vertical mgvement component (21). The  lower end o
detedHi SRR (ilbbio BRI BRI R BRI thaaseraphich
1s iplavechemd Empbrent 21y withcthefugperand d)tbé thenpfsean Figel)ctuator,
wiorbiRerhi ars RS AhesarIing-sigaabigiha sonkal ysiem (34) rg-&%iago shaft
upper eped de %tlng iom%gnejg]?) 3%600%1%§§$ah it switch mounted-on
arﬁfe Upper Qiit (315 oRthE BitfE BriNe BAL B Rl 05eFBRE Hdtecting
component (23) detects the vertical movement component (21) when it

moves upulard i thenechZd)X gpntagtsdae IMitBWitshy@nd heRion of the

[ [ ignal to th tem (24). The detegmined = |
o S SR e B 68 P R e P B i A tetion
shadTiaeao(tis1mete Vhrses mevebsariegnponeroghensutpehimitation
shheigl)as bigher sbarpihe highest position of the upper end of the stem

(il). Thus, the vertical movement component (21) moves upward to the

osition where the lower )
P ‘fﬂe upper portion of a male thread member (4) is an attachment (4a)

including a hole to which the bottom portion of the rotation shaft (20a) is
engaged and fixed. The bottom portion of a male thread member (4) is a

male thread part (4b) where the male screw thread is arranged in the outer
peripheral wall.

The vertical movement component (21) comprises a cylindrical body
with a bottom (21a) where a female thread is arranged in the inner
peripheral wall, and a rod (21b) which horizontally extends to the right and
left direction from the outer peripheral wall of the cylindrical body with the
bottom (21a) so that the rod extending to the right direction is as high as the
rod extending to the left direction.

The male thread part (4b) of the male thread member (4) is screwed
from upward with the female thread part of the cylindrical body with the
bottom (21a). The tips of the right and left rods (21b) are projected laterally
from slits (31) provided on the side of the base (3).

The slit (31) provided on the base (3) extends upward and downwazd.
The width of the slit (31) is



end detecting component (22) does not reach the upper end of the stem

- when the stem (11) is in the highest positigsi(therfiuigi Shanng!PE T Publication
completely opened). The control system (24) transmits apgonfqlsigiRabic179
stop the stepping motor (20) when it received the detecting signal from
the lower end detecting component (22) and the detecting signal from the

er.end detecting nen otatlon of tion
AR S B A L B Toap e %%333 UE Rt gRe 0 21
onffidverere dfethféQi’éiﬁcalfmﬁv@#ﬁbrﬁh@ ¢ @1 ereblestoppeatlindrical

boﬁ}mﬁ@ﬂ'ﬁ‘%ebﬁt@cﬁﬁm@l gysiabe d24-eprilh diiue Rl SEeRINGINetes move
velé C‘):IBF %q)] a.signal JrgrlpO%h%electromaaqgetlc yalve (5). Specifically,
he

romagne Ic'va ve "itied on t6 start air supply to the
pneumatic actuator, the control system (24) receives the "on" signal and

tranﬂnﬁ@rﬁi@gm@tr@iéi@b@&é@b@iﬂﬁﬂmmﬁm@ne&haﬁdaaeaﬁéﬂﬁﬁlaft (20a) of
thét (?Ss%ng‘%%t&%() )OQ&QH&C@ N, ASQs e e LlGelromAgRENGy . male

furn to stop sup ying with air to the pneumatic actuator,

thiath dﬁw (OBPtOCEIveSte 18&%&?-%@1}3#%&% hrdgotioh the
bostgnal(marbm@m watdtioheshafi( 20ap afl theestdprifg) motoro20) e rod (21b)

up%%%ggt@&tm@f ithe AHLE AL HOW LA BRNOYIRG SRENAIET(20a) of the
hammerless operation
steppmg motor 2 rotates in the opposite direction, it also reversely rotates

the male thread member (4) together. With their rotation, the cylindrical
body with the bottom (21a) screwed with the male thread member (4) to
move the rod (21b) downward together.

The lower end detecting component (22) comprises a contact sensor
mounted on the lower end of the vertical movement component (21). The
lower end detecting component (22) detects contact of the lower end of the
vertical movement component (21) with the upper end of the stem (see
Fig.1), and then transmits the sensing signal to the control system (24).

The upper end detecting component {23) comprises a limit switch
mounted on the upper slit (31) on the side of the base (3). The upper end
detecting component (23) detects the vertical movement component (21)
when it moves upward and the rod (21b) contacts the limit switch, and then
transmits the sensing signal to the control system (24).

The determined height of the lower end of the



valve according to the present 10 English Translation for PCT Publication

PCT/JP2006/315179 invention. Initially, BieiavBmeiithiihe: ogenedbiication
valve will be described with reference to the Fig. 5. Firstpwltentheos/315179

electromagnetic valve in the initial valve closed position (see Fig. 1) is
turned on, the control signal is transmitted to the stepping motor (20) from

BTSSR 20 aecsogoninl dexios Ga)sesnena sanal o,

electromagnetic valve. is enables t a S 0]

thehighegmstertion) eb ShertiBRangie setiirestom. Frlls Thatovideenertical
mafhe Nertealynayement campenent (d)dstestshmayingt ivpwatd apatie lower

' [ I
o B S 0 ARy i CcE il 2 R e

tho Hahdilibtor dhd'the HiFGEHaRASEDBa) b JEHsl ByaRB alse haepletely
opéh2dapart from a valve seat (10b) as the stem (11) moves upward. The
vertical movement component (21) continues to move upward while the

stem (21) moves upward, When the er end detecting component (23) .
det&ﬁ&ea)?ﬂ{}y%%ﬂ%tem (24) transm%%s? a control signal to st%p the gtel)apmg

motor (20) when it received the detecting signal from the lower end
detecting component (22) and the detecting signal from the upper end
detecting component (23).

Thus, the rotation of the rotation shaft (20a) of the stepping motor
(20) is stopped, and the vertical movement of the vertical movement
component (21) is also stopped.

Furthermore, the control system (24) controls drive the stepping
motor (20) based on a signal from the electromagnetic valve (5). Specifically,
when the electromagnetic valve (5) is turned on to start air supply to the
pneumatic actuator, the control system (24) receives the “on” signal and
transmits the control signal to rotate the rotation shaft (20a) of the stepping
motor (20) in one direction. Also, when the electromagnetic valve (5) is
turned off to stop supplying with air to the pneumatic actuator, the control
system (24) receives the “off’ signal and transmits the control signal to

rotate the rotation shaft (20a) of the stepping motor (20) in opposite
direction. '

Fig. 5 and 6 are flow charts showing the water hammerless operation
valve according to the present
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vertical movement component (21) at the upper end, the detecting signal

is transmitted to the control system (24) fratitheTupReseRoreereCti®gblication

component (23). After the control system (24) receives thp@lelgenge/315179

signal, the control system (24) transmits the stop signal to the stepping

motor (20). Thus, the rotation shaft (20a) of the stepping motor (20) stops
mVgtagtln and the vertical movement component (21) also stops moving

upward. After that, the stem (11) stops moving upward when the opening

of the fluid channel (10a) is completed, and opening operation of the

valvérstitdigninaiednbiyd English thansiatienl fenRE TvRlblicatiRcribed with

refoSol{APE0 %‘L?@ this state, the lower end of the vertical movement
component apart from the upper end of the stem (il) (see Fig. 2).

Next, the valve operation in the closed position will be described with
referBnee, tosHign6 tWheridbieretestrostagnetitvealise ithiherinitiall valve-closed

podBl¥RORERes; 5%081%'9@ {88Rdd%R) IS tHedaff. @gﬁgpew Rtlﬁa?gf@éﬁt b the

is stopped, and the stem _(11) starts moving g ?\g Next ontro
S‘v%%’ﬁas@%% 1Bt R B SRR (33 10 e SeepmeaRgice (29
re(20)caftersiizm ebfitroh silsterl{@preeenes thesdigndl omenables the rotation
shaft (20a) of the stepping motor (20} to start rotating in one direction. Thus
the lower end of the vertical movement component (21) starts moving
upward apart from the upper end of the stem.

Start of upward movement is delayed a little bit from the stepping
motor (20) after the air is started to be supplied to the actuator, and the
fluid channel (10a) is opened by the valve disc (12) apart from a valve seat
(10b) as the stem (11) moves upward.

The vertical movement component (21) contmues to move upward
while the stem (21) moves upward.

When the upper end detecting component (23) detects arrival of the
vertical movement component (21) at the upper end, the detecting signal is
transmitted to the control system (24) from the upper end detecting
component (23). After the control system (24) receives the detecting signal,
the control system (24) transmits the stop signal to the stepping motor (20).
Thus, the rotation shaft (20a) of the stepping motor (20) stops rotating, and
the vertical movement component (21) also stops moving upward.

After that, the stem (11) stops moving upward when the opening of |
the fluid channel (10a) is completed, and opening operation of the valve is
terminated. In
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the electromagnetic valve, and the rotation shaft (20a) of the stepping

motor (20) starts rotating in the opposite gifegtieTrdRusiJhedPMET eRdifation
the vertical movement component (21) moves downwar@@@gla@ggg/%wg
d

the upper end of the stem. The stem (21) continues moving downward,
and the valve disc (12) contacts the valve seat (10b) to close the fluid

channel (10a) (see Fig. 1), The vertical movement component (21) maves
o TR M@E@Wé&a VTGOS GHRE TG LB pezt
frahe thetegtirg comhpdiibatstan) teteésseehBigrrRal of the lower end of the
vertical movement component (21) at the upper end of the stem, the

detecting signal is transmitted from_.the kowe endiirﬁietecti component . .
(02) SR B TGTES SBT TP THe B AT O, R O i G S b ich

resiganrecthEigtdpping motor after the control system (24) receives the
detecting signal. Thus, the rotation shaft (20a) of the stepping motor (20)
stopsotating, and the vertical movement cgmponent (21) is also stepped. .
o Y e €3 AP e o

(spRobemEnte SHpsRerEl( 21y cormalistthéhsppeiuaiariéonrad. (anyl the stem

(1Theteferemitiérpodsiblevaptevent the stem from moving upward and to
control the fluid channel opening when the water hammer occurs.

Next, the control signal is transmitted from the control system (24) to
the stepping motor (20) after the control system (24) receives the signal from
the electromagnetic valve, and the rotation shaft (20a) of the stepping motor
(20) starts rotating in the opposite direction. Thus, the lower end of the
vertical movement component (21) moves downward to be apart from the
upper end of the stem.

" The stem (21) continues moving downward, and the valve disc (12)
contacts the valve seat (10b) to close the fluid channel (10a) (see Fig. 1).

The vertical movement component (21) moves downward after the
stem (21) moves downward. When the lower end of the detecting component
(22) detects the arrival of the lower end of the vertical movement component
(21) at the upper end of the stem, the detecting signal is transmitted from
the lower end detecting component (22) to the control system (24). The
control system (24) transmits the stop signal to the stepping motor after the
control system (24) receives the detecting signal. Thus, the rotation shaft
(20a) of the stepping motor (20) stops rotating, and the vertical movement
component (21) is also stopped moving downward.

12



The technique of the invention may be used to control the opening of a
fluid channel caused by the occurrence of a water hammer using a
pneumatically- operating valve for opening and closing the fluid channel
with an operation of a pneumatic actuator. INDEX OF REFERENCE
NUMBERS 1 a pneumatically-operating valve 11 stem 13 English
Transl%lon for PCT Publication PCT JP2006/315179 12 valve disc 2
limiting ihechanism ST Stepping Motdr 264 rofation shiaft 21% véiticar <2
FBVEM@RE cOmpoReit 22 lotver epdtdetedting Commpanent 28-ubper endie

detesting componast-24confrolidevice 4made ivead 14 prevent the
stem from moving -upward and to control the fluid

channel opening when the water hammer occurs.

The technigue of the inventicn may be used to
control the opening of a fluid channel caused by the
occurrence of a water hammer using a pneumatically-~
operating valve for opening and c<¢losing the fluid

channel with an operation of a pneumatic actuator.

INDEX OF REFERENCE NUMBERS
1 a pneumatically-operating valve
11 stem
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What is claimed is: 1. A water hammerless valve comprising; a
pneumatically-operating valve comprisingga, MalNersisa {86 R R&Mgrandlication
closing a fluid channel by moving upward and downwardg¥pugihanes 315179
pneumatic actuator operation, and a limiting mechanism for interfering
upward movement of the valve disc when the water hammer occurs,
1 wherein the, limiting mechanism comprising (1) a stepping motor fixed on
che uvp%ngéﬁfator and including a rotation shaft extending downwardly,
2 (2) alvetitag msedaprgomponent connected to the rotation shaft of the
20steppirRgMateHetomoving upward when the rotation shaft rotates in one
2Oré)tatirr(1)% Egjciregtig%ndf%\nd for moving downward when the rotating shaft
rotates in %Pu_a opposite rotating direction, (3) a lower detecting component
2Xfor dete¥ahgtAbIIA¥ETMARIROTEIBE iovement component

22 lower end detecting component
23 upper end detecting component
24 control device

4 male thread
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contacts the upper end of the stem connected to the valve disc when the
lower detecting component moves downward, (4) a control device (a) for
rotating the stepping motor in one direction when the control device
starts air supply to the actuator, (b) for rotating the stepping motor in the
opposite direction when the control device stops air supply, and (c) for
trarssmitting-a stapsgignal:to 15 the stepping motor when the lower end of
detecting component detects the fact. 2. The water hammerless valve
according no claim 1, wherein she water hammerless valve further 15a
Eniglish’trafstatior P PET PEBIidAtoNE PETTIFI0061915179 comprising
an upper detectingcomponent foredetecting the fact¢hat dbedewen end ofz
the vertigal movement componep}.reaches thcgjreqqglggr%osmapn ry%ﬁrd

than th%pégfl\ggapogsition of the upper end of the stem when'the vertica
movement comporient Moved ipwarg:*¢ 2nd downward through a
pneumatic actuator operation, and

a limiting mechanism for interfering upward
movemaent of the valve disc when the water hammer

occurs,

wherein the limiting mechanism comprising

(1) a stepping motor fixed on the upper actuator
and including a rotation shaft extending
downwardly,

(2) & vertical movement component connected ©o
the rotation shaft of the stepping motor for
moving upward when the rotation shaft rotates in
one rotating direction, and for moving downward
wnen the rotating shaft rotates in the opposite

rotating direction,

(3) a lower detecting component for detecting the
act that the vertical movement component
contacts the upper end of the stem connected to
the valve disc when the lower detecting component

moves downward,

(4) a control device (&) for  rotating the
stepping motor in one direction when the control
device starts air supply to the actuator, (b) for
rotating the stepping wmotor in the opposite
~direction when the control device stops air

supply, and (c) for transmitting a stop signal to



wherein the control device transmits the stop signal to the stepping motor
after said detection. 3. The water hammerless valve according to claim |
or 2, wherein the vertical movement component includes a female thread
to screw with the male thread fixed to the lower end of-the rotation shaft
of the stepping motor. 16 WATER HAMMERLESS VALVE Abstract
[Problents} To kmitan opening ebthe fluigkehanneldy autematicallys ot
preventing. the- rd mavement caused by water hammer
using a%‘é%ﬁgﬁglggﬁég%%% vg%/é.gfr&esan%gf%r%d%ﬁ%ﬁg problems] The -
- present invention provides a water hammerless valve comprising a

- pheumélically-eperatingnvaivel ecraprisinya vadvesdise for apeningsand 1,
closing @fluid channel by-moving.upyard and downwagd fhrough a

. pneumatic actuator operation, and a limiting mechanism for interfering

upward movement of the valve disc when the water hammer occurs,
wherein the limiting mechanism comprising (1) a stepping motor including
.a rotation shatft fixed on the upper actuator, (2) a vertical movement
component connected to the rotation shaft for moving upward when the
rotation shaft



rotates in one rotating direction, and for moving downward when the

rotating shaft rotates in the oppésité fotating direction, {8FaleWetublication
detecting component for detecting the fact that the vertical PaRGRmEY16/315179
component contacts the upper end of the stem when the lower detecting
component moves downward, and (4) a control device (a) for rotating the
stepping motor in one direction when the control device starts air supply

o e AL DA O S eI T0E S SRR AR
when the contrél deyice stops air supply, and (¢ for transmi %ln% astop :
signatd t}@v&%pﬁ’r‘é ﬁfotg?%ﬁ’éﬁtﬂﬁélowé%vé}ﬁ%leﬁt d@é&ﬁ@%ﬁﬁfg@ﬁ the
deteqtsethelfaetl E@ﬁtmﬂl bigher than the highest position of the upper end
 of the stem when the vertical movement, component moves upward,
wherein the control device transmits the stop signal to the stepping

motor after said detection.

The water hammerless valve according to claim 1 or 2, wherein the
vertical movement component includes a female thread to screw with

the male thread fixed to the lower end of the rotation shaft of the
stepping motor,

16





