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 MﬁanMGROUND OF THE
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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.



the valve closing point, which results in a pressure 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'{d catiSB@Backward flow &ffluit: VAR efféétive Methed thanne’
greventdbe fluid,channelhirom openingythe wateshammenprassure: 4
'P&Q}%P&ae f%rg (pg%BEeess ﬁ Plg’a\rppllgd to, thgﬁéem ]‘Crom ward to mterfere

the valve opening. For example, Japanese utlllty mode pughcapon
31%?@5568% &@27@ £itsEKkarS59-182255) discloses this kind of a prior
art. In the technique disclosed

For example, Japanese utility model publication
Jitsugan S58-48479 (Jitsukai S$58-152255) discloses
this kind of a prior art. In the technigue disclosed
therein, a cylindrical part iz provided with a male

thread in the upper stem. The cylindrical part 1is
screwed with

ia



therein, a cylindrical part is provided with a male thread in the upper
stem. The cylindrical part is 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 gperators to take immediate responses in an emergency situation.,
ap%ﬁ%s’“é utility model 5r§b icgt?olnt\]it%%‘gﬁ BB3T13 (Jitdtia snd °f

HO2-5898%), on the other hand, discloses another valve comprising a

stopper configured to make the valve opening to be constant, a stopper

actuatoy, 80@%%red {0 activat the stopper %nd a Cgeryﬁte cantroller

configurecr to trasmit a remo esignal olt%% scfgpper actuator. The?-tres
StBppet Spressesthe tpper'ehtliof tHeestén I ThetteehAigle diseloseddn by
Japanesewtilitymodet field, which results in complicated

operation. It 1s 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.



publication Jitsugan S63-135498 (Jitsukai H02-56984) is superior to the
one in the technique disclosed in Japanese utility model publication
Jitsugan S58-48479 (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 predéntidiiEitionprovides a Waters hanmmeressnidlesi whichhb Lems  in
autematieally @rsv@r)_tsﬁ%thgr%@ﬁﬁtorﬂwml ' bliﬁwﬁ&q::\(yb@@%;%w@%er

r yrs.__Using the water hammerless valve, it is possible to
E%%%%o%%%?ngvg the flui \é\haﬁﬁlél %%?n%lﬁaeip%ﬁéﬁéeﬂﬁ%l y-operating
valve configured to open and close the fluid channel through the
pneumatic actuator operation. SUMMARY OF INVENTION
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In a first aspect of the invention, there is provided a water hammerless
valve comprising; a pneumatically-operating valve comprising a valve

h distc for opening and .closing a fluid channel b)émoving u Wﬂ‘d and
© downwardthrough a preurhatic “actulibr bperation”and & limHg=:  occurs.

Us 1ngechenisw for intEdewsg Wptvard mbvementtof iife vahasdistavhen theontrol
openwater fiamiper otours, whergia thelimiting mechanism comiising- Gl @rat ing
valv%te%%ﬁg%%tgégxeg OnOthgnupg)IeL&aCég%té% ari]:q}lenchfl glllnigda rgga}llgg Shdﬁ.lgrough
extending ownwar(ﬂy, (5) a vertical movemen component connected o
the predidtioncsEfCoRthe Stéping tstor for moving upward when the
rotation shaft rotates in one rotating direction, and for moving downward

when the rotating shaftgpiaies:ip 158 oppResite reiating direction, (3) a
lower detectin% component for detecting the fact that the vertical

moverhent GHERE Eontadts e uppEFEntishithe Steft confedtédtd ded 2
watethe balmaisewhervthevewerdatedtingr.compangntemozes devhwargs@ ting

valva centreldevice,(a) foy sotating the. stepping.motorin ong diregtion when ¢4, 1 4
charltheelcc_)r}g)trol (lglnevﬂ‘i_rc:len star&s %rrs ppl}%éo_ the act#ato , (b) for rota_tir:ég the . ,

Stepping’ motor ih the BRposite dirattion WHERhE contfol Helicd stdpacumatic
actuator operation, and a limiting mechanism for interfering
upward movement of the wvalve 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) 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.



air supply, and (c) for transmitting a stop signal to the stepping motor
when the lower end of detecting component detects the fact. 3 An

an e8! ggglinrg%nt of i;h%lc}?er%eserneta é%vnetntiggv3% {eila%es to the water hammerless
valve may Furt%er comp?ise an upper 3etecﬁng component for detecting
the fact that the lower end of the vertical movement component reaches
the predefined position higher 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. 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

3a



stopped. At the same time, the rotation shaft of the stepping motor rotates
in the reverse direction to make the vertical movement component move
relaEgownwardf: 1,\{\Elahen t@g vertical moivgsr)r%en‘g aaovmepc%{(l}ent %%r}}:tg ts the ureégr.

t n
Stérn of the actuator, the %%%%ng motor1s Stopped, as well' 85 the steh °¢ #"

UPPest it AQTAI IstopIwit BEihg presseddiiethe vesticallifovéateht that the
loweeompoenent ffrormithe above;which enables to-preventfreanthe steathes the
- ving. u I to.interfere t id nei'g the water

P Ao et it s S G P et o, 125 ston <h

UPPehoiESupWard artd thé FotatiBitshalt &F thEedieppimg ntRGEitates Gk nent
movediregtion tol maké theeverticdlemavementicomponent movengpward. the stop

s ignkhenefore, 4 the vertical movenient eompanentdoes not limit the opening
operation of the fluid channel. 4a In another embodiment of the present
invention, the control device enables the stepping motor to stop when the

vertical ImevEment eviponeatthovds Ugward andethe bottorrndfithe relates
to toempepneatreaghesits predefinede, 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,



position higher than the highest position of the upper stem. Thus it is
possible to stop the vertical movement component automatically when
the vertical movement component is placed in the predefined position not
to contact with the upper stem. Yet in another embodiment of the present
invention, a thread mechanism is provided to connect the rotation shaft of
the stepping metor anththesverticabmevestent component: Thusit «  +he
enables the stem. Dot 'QEV%#@W?{% when,a big ypward pressure is
provided in. the stem to limit the fluid channel. opeéning without any
failure. 5 BRIEF DESCRIPTION OF THE DRAWINGS Hereinafter,
preferred embodiments of the water hammerless valve according to the
present invention will be described with reference to the drawings. Fig. |
is a schematic view of the whole water hammerless valve according to
the present invention. The valve is in the closed position.

4a



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 & side viewdhig. s @dfiow charbshowing the smevement ot the o,
water hammerless yalveaccording fo the present tnyention when the
valve is in the opened position. Fig. 6 is a flow chart sﬁowmg?ﬁe

MOEMertof The WatE - hniHRess vAVBREE6/RIing ®1hE prasentc and
inventidrewhen thefvalvéeds incthepelosed positionnhba DETAILER=defined

DESCRIRTIGNSFg. 1k and 2.are sghematic views;ofithe whole water, .
hammerle%s valve according to the présent invention. Fig. 1 shows the
valveih the Xitsed™ positiGn, andFig=2 ShoWws thé vaRe i e oféred <2t

movement 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.



position.. The water hammerless valve according to the present invention
comprises a pneumatically-operating valve (1) provided on the upper
valve assembly for opening and closing a fluid channel through a
pneumatic actuator operation, and a limiting mechanism (2) for interfering
upward movement of the valve disc when the water hammer occurs. The
pneumatically-operating valve (1) has a known structure comprising a

valve assembly and a pneumatic actuator. The valve assembly includes a
e Bo B SGRY BRSO 19F, Ve BRAWIMESonnet (13) and compressor

(14). Tneap@emaﬁ@aptu@t@éﬁ@ﬂm a=spritg (k5)and cap @6): water

r e ypper.part h ve .assembly. A fluid channel 10a
glr%eﬁ%%gé%gt gl%b%rgreg$ga%§é ,9% th%l valgéebogy (10) nghe ca|c€>e ?1%

ﬁ’m%lfﬂela%ﬂ?ﬁﬁfrm@?ﬁoﬁ ) it &r S&iF passagenaydd8Yy #reagh which
the air (compressed air) is supplied from the inlet port (17) to the bottom
of the spripg (15). ; <

a schematic 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.

ba



In the pneumatically-operating valve (1) described above, the spring (15)
is compressed by the air pressure introduced into the air passageway
(18) 6 when the air is supplied into the cap (16) from the inlet port (17).
Then, the stem (11) and compressor 6a English Translation for PCT
Publication PCT/JP2006/315179 (14) which have been compressed
downward by the spring (15) move upward to separate the valve disc (12)
from the valve seat (10b). Therefore the fluid channel (10a) is opened. On

the other hand, when tREZRELBBIVRESFEHRERE BiEt 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).

Thereforedhe fluidP&hnAel ¢1063) %%%pﬁ%ﬁ@%n@gtoﬁﬁﬁg Hirtd e
thetpreuntatioractuatesis switthied by carelettrgmagnetictvatve (shewarin

Rigy3hig.3 is & block diagram, sBowingtheyyhole water hammerless; . 4
%%%%tion, and Fig. 2 shows the wvalve in the opened
position.

The water hammerless valve according to the
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)



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 (’{}g%a !_iojy\l/:er eQd Sqiete%t_il“neqdcogn rpﬁonenth(%Z)Cconfiqlirﬁcjerf t%gggnectth
arrival of the vertical movi component%ZlS at the Tower e d, an upper
éfd 8éteefing componehBt23) Ebrigiiréd to' détechitfe AFRAIGIIRE T
vertical movement component (21) at the upper end, and a control 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. 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 rotating shaft and the stem of the
valve assembly are aligned on the same axis.

6a



A male thread member (4) is fixed on the bottom portion of the rotation

shaft of the stepping motor (20) on the samgstixisTahihRfelatigp eiiattblication
(20a). The male thread member (4) rotates together with theretabemes/315179

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

f.the r tatlon shaft enga an fixed..Th
G L A f%&ﬁ%@fs vard
to m@w@mﬁr%&hf@sddﬁ%ig%)dfﬁﬁ)mébatﬁalﬁ@@@ﬁér@lQ/b I Thieaaferscehe fluid

chengveh({@okeospanent.(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 ddietBeriiierabamh-ovtHciRA R BB W Bren bétoknr et1ayo(17) is
sttnplethettod dxtendingito thertdhtditdetioniscasih Igé]sasgbﬁra{ﬁ)(ﬂl@ﬁ@@@tﬁﬁtses

aﬁg theleff dir @9@) I@%ﬁ%ﬁﬁeﬁ%@?{t&ﬁ@)ﬁéme{m‘%ﬁg &%{g nca((?r (14)

is,screwed from upward with t %%Zfemae thread part

m%ﬁ;ﬁmﬁlw otfeoﬁ%ﬁaaﬁ bFtfe Y 61 tHaGriGht aﬁaﬁéﬂthfdéfeﬁ%)s&%t (10b).
Theoideted Iatdtally dnomsilt§1(34) proliged.on the side of the base (3). The
slit (31) provided on the base (3) extends upward and downward.

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.



The width of the slit (31) is 8 English Translation for PCT Publication
PCT/JP2006/315179 almost the same as eﬂe‘{ngfa%r%q % WS ton
it enables the rod (21b) only to move vertically along Wlt @ 179
enables the cylindrical body with a bottom (21a) mtegrated Wlt ero

(21b) only to move vertlcally Therefore, their rotation is not aIIowed

Acc | to the above copfiguration, when the rotation shaft (20a) of the

stepp 8?&?%2%??8 8%% SRFREAR A HRS TSI omeThage (3) which
is thlecrdirnan Bared podbthensca rdsuli thgciliBideitahbasyenithatie actuator,

wHOHOM (Rdacsareurs WHHHNe mple theead MEmhea4) LIaYe tp&tc[z% shaft
)e warc%.l;E eth r. Oréqthe %grer hand, wh nth rotation shaft
an(%]ﬁg‘e Stepping Mo (3(55 fotates ifthd" 688 fieH Gt s
reversely rotates the male thread member (4) together. With their

rotatignnibgecylinddealhadywitighedatiom Rajiscrewad WithSbgInals: the

to move the rod (2 downward together. The.lower
m%t Ei)tec %Eo%}pone coméjp)f(ls Sa c%n’i %t%%‘ﬁ%o?%ﬂﬁ Heorptation

%mﬁéevéhﬁ@aldnm@%hém(éém@@’f@mteggthamnmmnbmmon
s}mte@mg cOnhpRosRMRR) detratszmntact of the lower end of the

The upper portion of a male thread member (4) 1s 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



vertical movement component (21) with the upper end of the stem (see

Fig.1), and then transmits the sensing sigpaktRINELRMRISKFRI(Bdbication
The upper end detecting component (23) comprises a limpewite006/315179

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 jt moves upward and the rod (21b agts the limit switch, and
SR DS TG Do oG Rar 5 (e oo el (AP FRgte Tod (210)
onbietermiped helghedhind towew ihdtbetsdito Bhylisndrenahdsontiormtmdrical
bolpbligaion B&TAIR200643 10kEgverEakiioyaementc@NBPIRENSARBL) {thenove
ve ut%)g]{l Iin?f‘ﬁ??ece"iwﬁlatl)eist@)igiger&h%@o ﬁr}g Qi&heﬁto %%s&tion of the upper end of

the ‘stem (iN.Thus;’thé Vertical moverneh component (21) moves upward
to the position where the lower end detecting component (22) does not

reachdberappertentohihevstesn ithem tive stetietl thisiotihgdnghedt (20a) of
th@"&'éﬁﬁt&ge]ﬂ&%ﬁ%ﬁ‘ |d5-5ampletely, ‘&EF@&?Q%T*}\?%?&r%%é(%g”ﬁ}@“ ale

transmits & contro| signal to st&&ét e stepping motor_(20) when it receive
thygad e sidhal FREFHRT 1o rieme tetectiy coHRdRsAl (Dotunuire the
hodetecthtpsigoaddromwibie thpperdadhread member (4) to move the rod (21b)

upward together. On the other hand, when the rotation shaft (20a) of the
stepping motor (20} 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



detecting component (23). Thus, the rotation of the rotation shaft (20a) of

the stepping motor (20) is stopped, and HhieuVehtiTaniavemaaraftimiblication
vertical movement component (21) is also stopped. Furthermgre;dhe/315179
control system (24) controls drive the stepping motor (20) based on a

signal from the electromagnetic valve (5). Specifically, when the

Veleclectiroma rﬁ%gﬁt\/%lv 9@@1 %?e‘ggcl)iﬁ %% Ige%r %%?ei‘t %han

(fuator he control sys em recelves

thezhblgéﬁﬁ%wgmw telie tﬁﬁ%lfa%ﬁ SHatb@ oty Bf %ﬁé Jstdppig thotoprtical
mdR&hinenedifeaiion A450, wheasthe elaetiomagnetivviaioe (Hlisrtutiedlower

e R SIAR SUERLRGLR 3 1. 11E PRSHIAIS AUALRS NGOl SYSIeTon
? iR i

reci na an transmits e co signal tq rotate't
ti2oR) bhn igRBHinBIRISIBR (28N bb%&%@ ﬁ%rpqﬂaﬂsteiy
openeldﬁ.are flow charts showing the water hammerless operation valve

according to the present 10 English Translation for PCT Publication

PCT/JP2006/315179 inv n ion. -
e control system (24) transmits a control signal to stop the stepping

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 (202) 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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Initially, the movement of the opened valve will be described with

reference to the Fig. 5. First, when the elégisiagnatitayviaty Enpthe mitiakation
valve closed position (see Fig. 1) is turned on, the contrabstgnebi®ne/315179
transmitted to the stepping motor (20) from the control system (24) after

the control device (24) receives a signal from the electromagnetic valve.

. Thi%-gnables the rotation shaft (20a) of the stepping motor (20) to start
mventwon.. . . . ‘
rotating in one direction. Thus the lower end of the vertical movement

component (21) starts moving upward apart from the upper end of the
steninStartlof uhwatthmovementisidelayed adlitiglbis ralh the §iepPIPed with
ftef-the-air is started to be supplied to the actuator, and the
reff‘%?eé%é%%)tﬁé(e%g 5

channe ) Is opened by the valve disc (12) apart from a valve
seat (10b) as the stem (11) moves upward. The vertical movement
companant (g cothimuek: tormmva npward aitileithethie A1) ImoxBs:-closed

polfArdMNetLne Upber AKABIeCHng eomaanant(2d) deteainaitiaholy e
‘the_ vertical mﬁﬁgentc mponentiZl) at th lﬁ%}#end the detecting .
SRR A A RGP by St Fio i H Gt el bpsapaind device (24)
reclatastingsicombénent (B8)eldterdive: gontiol sydtemT243 recebies the rotation
shdeteonng siamal«theRantiolsxsten) (24 tarsmitahe SR SIORAHQ DR Thus

ing motor . :
nSSRRINY MO P Ui 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) continues 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

11



Thus, the rotation shaft (20a) of the stepping motor (20) stops rotating,

and the vertical movement component (215 &isp $19R9 MOYiRG Hewaithlication
After that, the stem (11) stops moving upward when the apefingfdhe; 15179

fluid channel (10a) is completed, and opening operation of the valve is
terminated. In 11 English Translation for PCT Publication

PCT/JP2006/315179 this state, the lower end of the vertical movement
this 55 AETIRPAN HomE EHEEL SPNSPIRE GASRRTEEE Fd) 3§, apart
fravexh ¢hepvelvempefdiivnsiethe tlosed pbsitich will be described with

reference to Fig. 6. When the electromagnetic valve in the initial

valve-openged position (see Fig..2) is turned off, air supply to the actuatar .

o StONPET TR e P b SIS SR aT TR e o) wich
refiganristedfigmitted from the control system (24) to the stepping motor

(20) after the control system (24) receives the signal from the

electggmagnetic valve, and the rotatipn shaft,(20a). of the stepping metor . .
20, SR e e LS RN Bbsition
(sqerbitnl MivdiermdoripdHeRurRly ibthe asitiard i apartarshi Beestem

(11) starts moving downward.

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



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 .
detectir%! sighg;lr i tra%ecnﬁfed ﬁ%?n ?ﬂig"fgv}i:/er 8H§ detécting Somisoneht? -
(Y t5 fHeCcoribith Spstem (24). ' Theoeshtedlsystetn (24) transmits the stop
sigeal to(the) stepping araierafter the i conpreksystam (24) receivesthe - ne
deteqting signalEfis, Ine [ptglion shafl ((20a) of Iz stebping Motor(20)
stops rotating, anﬁ the vertical movement component %is also stoppe&i
MOFIMG TdoviiFRr 4 2V1F tis Stdte iHebWe A BRE bf teVeitical

movement component (21) contacts the upper end of the stem (11) .
Therefore, it is possible to prevent the stem from moving upward and to
control the fluid channel opening when the water hammer occurs. The

technique%f theGAverfiion nidy be tRed b Eontto the"6Fening ofd fitid t©
channepdaused bytheing 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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1Zlowe

occurrence of a water hammer using a pneumatically- operating valve for
opening and closing the fluid channel witlx apQparaHIR QI ARNBEMAE i cation
actuator. INDEX OF REFERENCE NUMBERS 1 a PCOT/IP2006/315179
pneumatically-operating valve 11 stem 13 English Translation for PCT
Publication PCT/JP2006/315179 12 valve disc 2 limiting mechanism 20
stepginﬁ’ma?lor 20a rotation shaft 21 a vertical movement component 22

ang é‘f’@cting component 23 upper end detecting component 24

2 contlohdévigedestattnead 14 What is claimed is: |
20 stepping motor

20a  rotation shaft

21 a vertical movement component
22 lower end detecting component

23 upper end detecting component
24 control device

4 male thread
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1. 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 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 fixed on the upper actuator and including
a rotation shaft extending downwardly, (2) a vertical movement
component cgnnected to the rotation shaft of the stepping motor for
Mmovi ng_‘% pFEra WS IRR Tofsto N ShafErotatds i bHeSrotating direction,
and for movingedeowrnivard. Whercthezotating skaft retates dmthe: eppesite =
rotating-direction(3) @ lowst detgcting compongnt for detecting the fact,
that the \?erticalinovement component

chnannel by moving upward and downward throuch 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 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



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
transmitting a stop;signal to rlSibe stepping mataewhenthelower.end ofs

detectl%gg@ggg%nt gﬁ}gg@etpe f%%j[% he \é/gteréwammerless valve

according no claini 1,” wherein she water hammerlgss valve further 15a
- English translation for PCT Publication- PCT/JP2006/315179 comprising
- &h uppéitgetectingrcomponent der=detecting the:fact thatgthedowererd of,

‘the vertjgal movement qgén%qne,gglﬁ%%ch@égge JRredefined position higher

o than the highest position of the upper end



3.

of the stem when the vertical movement component moves upward,

wherein the control device trafRgfiits thetstopsigrhialcmo therstBppiftyrhoter-ion
after said detection. 3. The water hammerless valve accordiigitd NG/ B15179
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

[Problems}iLa,limit.an apening of 5&&%“&5&9@@% Pg a&é%)e g:'ca'%%r% fact that

upwar m%vem tcause

preve tln the'ste fro :
using p%?&ﬁﬁ E}Fﬁtlﬁ@%% [ﬁ%&ﬁ?ﬁﬂ?@&@ﬁ@@%@@krﬁ%ﬂi% the
presw@d&a@m@dmps@m@eﬁ@m%mmMﬁghe/ai\gmsﬂmmr@mg@ upper end

IOneUé@%ﬂ%aélﬁéﬁP%"E‘éﬁQH@W&@%%&%@&R‘%SH%?&S% ’%9 8 ara,
closing, a fluid é:]é?nnel byr% ving upward and downward throu
of'op

pneuPrREEE R T FOD B ABAY Khd %f?ﬁﬁ?ﬁﬁsrﬁgéh%?ﬂgﬁlmf@rf@ﬁ]@teppm%
upwalith moedhearssofl theteatvendisc when the water hammer occurs,
wherein the limiting mechanism comprising (1) a stepping motor including

a : )
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,
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rotation shaft 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 opposite rotating direction, (3) a
lower detecting component for detecting the fact that the vertical
movement 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 Hyddiih arAANEHRoIT v & Eontrol device starts
air supply to the actuator, (b) for rotating the stepping motor in the

ite direction when the control device stops air supply, and (c) for
transmlttl a stop signal to the stepping motor when the lower end of
'[%M%@ﬁt%@gfg tﬁgt{%tﬁw%@ﬁapq@ by automatically preventing

the stem from upward movement caused by water hammer using a
pneumatically-operating valve.

[Means for solving problems] The present invention provides 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 actuator operation, and a limiting mechanism
for interfering upward movement of the valve disc when the water hammer
OCoUrs,

wherein the limiting mechanism comprising (1) a stepping motor including a
rotation shaft 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 opposite rotating direction, (3) a lower detecting component
for detecting the fact that the vertical movement component contacts the upper
end of the stem when the lower detecting component moves downward, and (4)
a control device (a) for rotating the siepping 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 transmitting a stop signal to the stepping motor when the lower end of
detecting component detects the fact.

Figure 1
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