SPECI FI CATI ONS FLU D CONTROL VALVE AND FLUI D SUPPLY/ EXHAUST SYSTEM
Technol ogical Field The present invention relates to a fluid control
valve and fluid supply/exhaust system In greater detail, the present
invention refers to a fluid control valve, and a fluid supply/exhaust
system in which a nenber a which is made wunitary with a rod shaped shaft
whi ch applies pressure to a valve holder is noved upwardly and downwardly
by a coil using electromagneti GEBUIURIGAILONMNA t hereby, the portion
between the valve seat and the valve hol der is opened and cl osed. The
fluid control valve and fluid supply/exhaust system of the present
invention is chiefly used in sem conductor rmanufacturing apparatuses.
Background Ar#LULD COREROE,VALNE AYD FLUTR SVRPEHY/EYBRUSE SKBEEMcontrol | ed
fluids flow ng through the val ve body by neans of opening and closing a
portion between a valve seat and a val ve holder using a drive unit had

val ve h S di aphragm and a di aphragm hol der, and were of
t he fol %§§ﬁ§l§§ﬂggi bEglé (1) Atype having a rotating nechani smunit

whi ch i s ”aﬁﬂélb¥e99ﬁ£a£ﬁgen£?oﬂh£8fa ?ga#ge rfﬂu 3 ggngg%g ma%d%%?ﬁn?t

downwardly using the rotational novenen fe ro ating

and thefpgigi §ﬁp?§£z)"€§ﬁaﬁ§€ é‘?é{{@mseairéa&geé‘f‘@r QL8R 29l S, PEs06d and
cl osed (hereinbel o this type of
invention refers to a fluid control valve, and a fluid
supply/exhaust system, in which a member a which is made
unitary with a rod shaped shaft which applies pressure to a
valve holder is moved upwardly and downwardly by a coil using
electromagnetic induction, and thereby, the portion between the
valve seat and the valve holder is opened and closed. The
fluid control valve and fluid supply/exhaust system of the

present invention is chiefly used in semiconductor

manufacturing apparatuses.

Background Art

Conventionally, fluid control valves which controlled
fluids flowing through the valve body by means of opening and
closing a portion between a valve seat and a valve holder using
a drive unit had valve holders comprising a diaphragm and a
diaphragm holder, and were of the following types.

(1) A type having a rotating mechanism unit which is
manually operated, in which a valve rod is moved upwardly and
downwardly using the rotational movement of the rotating
mechanism unit, and the portion between the valve seat and the

diaphragm is opened and closed (hereinbelow, this type of fluid
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control valve is referred to as a manual valve: not depicted in the
figures). (2) Atype having a gas filling and di scharge nechani sm

in which the valve rod is noved upwardly and downwardly using a difference
in pressure in this gas, and the portion between the valve seat and the

di aphragm i s opened and cl osed (hereinbelow, this type of fluid control

valve is referred to as an air pressure valve: Figure 4). (3) Atype
havi ng eonethanivekvehichrefesubfett &s aehantabmagbeét cnotiddepiotedsing a
coil, wherein an iron core and plunger are installed at separate |ocations

usi ng t kP8 fAEBKE8RVsm and in concert with this, a bubble disc affixed to a
pl unger is nn¥ed ugmardly and domnmardlih and a portion between the bubble
di sk and a vaPVvePsE¥Pei BagpBrca €A8 ELb4&BT ehdrdinsbabge meckanysw, of

fluid control. valve is.referred to as an el ectromagnetic valve: Figure 5).
Her ei nb&f'o ,lFﬁetﬁﬁtﬁﬁaVSfr88eﬁ?nﬂ°§ﬁa BPBeragyYt prdvapyrwardly using a

| ect ' ; dair. I , Whi ch f dt
ut ommt PEZoSreRet WK B-RR0uEy! 4R ERTY" Sa8T" 55, rC,PPePi0 hetiere these

chosed JraveCspdt, palthe BigBAbon B5"Bp8hed MHHEC105H' ThehaipBRERH "
whi ch thesveyFS be ¢hasadcoRbeo2Pealpe §gdrsk9§£@§ eeeaétégna9£ the value

is as given bel ow. (d osed -> Open Operation aresult of
fillingpaeskaser vagRbat Fegugas4) nput port 401 with an instrunentation gas

by neans of an instrunentation gas changeover switch (not depicted in the
figure), an §8)uAtbype having a mechanism which is suBject to
electromagnetic induction using a coil, wherein an iron core
and plunger are installed at separate locations using this
mechanism, and in concert with this, a bubble disc affixed to a
plunger is moved upwardly and downwardly, and a portion between
the bubble disk and a valve seat is opened and closed
(hereinbelow, this type of fluid control valve is referred to
as an electromagnetic valve: Figure 5).

Hereinbelow, the method of opening and closing the valve
in electromagnetic valves and air pressure valves, which are
referred to as automatic valves, will be explained.

Figure 4 is a schematic cross sectional view of an air
pressure valve of a type in which the open and closed state of
the valve is normally closed; the state is depicted in which
the valve is closed. The opening and closing operation of the
value is as given below.

(Closed -> Open Operation)

As a result of filling an instrumentation gas input port
401 with an instrumentation gas by means of an instrumentation

gas changeover switch (not depicted in the figure), an actuator
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402 pushes upward, and simnultaneously therewith, a rod shaped valve rod
403 which is affixed to actuator 402 is pushed upward, so that the

di aphragm 404, which is pushed agai nst by valve rod 403, separates from
val ve seat 405, and the fluid flows fromfluid input port 406 to fluid

out put port 407. (Open -> Closed Operation) As a result of
ceasing the filling of the instrunentation gas input port 401 wth the

i nst r un@d apushe gaspbyrdpaasd o imhktanests Lyrethatéwihtlyasa chadgeshawed switch
(not depicted in the figure), the actuator 402, and the rod shaped val ve
rod 403vamechods4@Bfwikedht st abfaxedatoradtratar ed Ppshedowidedard as a
result of the force of spring 408, and diaphragm 404 is pushed by valve
rod 403uBvdrdi apfr BRat 4bBecdreBhragn 40ht adhighths mashed ,a%2ingE Pye fl ow
of the fluid fromfluid input port 406 _to fluid output port 407, is halted.
Fi gure EaigeargéhéﬂﬁtiEeE?BégegeEF?%nﬁﬁlv?e%?%? A0 et ttrabhetdc val ve

in whi h I N I . th i s, depi d i
whi ch ¢ REOUS) JEORE Pt el B OB P figt At bt BeT WP Bp P ST o0 b the val ve
is as follorngen _?yégﬁggggngrgpﬁgggﬁerat|on) As a result of

i nputting e rici m n na and causing a current flow in coi

502, e'eCtrOﬂEQQeEEQuhEdU%téegfahgefﬁ% #P11 PnGObE éﬂé’iﬁggrﬁﬂﬁgié fofOr €

503 affixed to the case an 04 cone”into contact, a ong with

this, ghg yapue ﬁb§% 20% WhtRhthe ahbt¥8HchPaPlUROU§hs S0Y hSaRYSHEIthe
upward, "so that the valve disk 505 and the val ve seat 506 are separated,

gnd fl uidstlramenthemorabye thatbepovbrS58witehvahye depietiédpont tHes.
figure), the actuator 402, and the rod shaped valve rod 403
which is affixed to the actuator 402, are pushed downward as a
result of the force of spring 408, and diaphragm 404 is pushed
by valve rod 403 and diaphragm 404 comes into contact with
valve 405, and the flow of the fluid from fluid input port 406
to fluid output port 407 is halted.

Figure 5 is a schematic cross sectional view of an
electromagnetic valve in which the valve state is normally
closed; the state is depicted in which the valve is closed.
The opening and closing operation of the valve is as follows.

(Closed -> Open Operation)

As a result of inputting electricity from terminal 501 and
causing a current flow in coil 502, electromagnetic induction
is set up in coil 502, and the iron core 503 affixed to the
case and plunger 504 come into contact, and along with this,
the valve disk 505 which is affixed to plunger 504 is pushed
upward, so that the valve disk 505 and the valve seat 506 are
separated, and fluid flows from valve input port 507 to valve

output port 508.



(Open -> Cl osed Operation) By cutting off the flow of current to coi
502, the magnetic field of coil 502 is elimnated, and the plunger 504
which was in contact with iron core 503 separates therefrom and as a
result, the valve disk 505 which was affixed to plunger 504 is pushed
downward by the force of a spring 509, so that valve disk 505 and val ve
seat 506 cone into contact, and the flow of fluid fromfluid input port
507 to flui dapsmpw> qusdedTheratstapped. However, it has been

di scovered by the present inventors that these valves exhibit the

foll owi ng prEilansting lofesgectfldw dheumspons® tdaigd (308 afmunt of tine
required fromthe state in which the valve was closed to that in which it
is opérrgnetic fiekd)of rcahke e vfekiminatmshl [andgdratddngdy S04 he time
required to rotate the handle is the response tinme, so that there are

di ff er SHEEEN prai vt CABRS HE ot 1 §E W Riderades dherefienat is

t ly.difficult t.abl duct. t eni d_cl osj ti f
The val 380 (37 | betetintiy, HEF Yaltimie 05 #IECh Hhs A SHEhdmber of val ves
tob ted ;A Bt { I t t hat_t.h j i d
nor casb B 0TS B el g frie Tt SRRt @ i T P
oper at i oy ang .0, C@gﬁ)@iwn&&& VA e Al d e d 1 KGhe into taal&g grﬁjcture

pressure val ve, wh s also terned an autommti c val ve,

Whi ch igndli ghdw SET£19NE . £ £ LAY DRASI B € YT Ald 68 B | Alipdds the

fluid pressure is 10 kg/cnferr] or less. However, in the air pressure
val ve, phertso® isestbppssdfor the charging and discharging of the gas into
4

the However, it has been discovered by the present inventors
that these valves exhibit the following problems with respect
to the response time (the amount of time required from the
state in which the valve was closed to that in which it is
opened) .

(1) In the case of the manually operated valve, the time
required to rotate the handle is the response time, so that
there are differences produced depending on the individual
operators, and it is extremely difficult to stably conduct the
opening and closing operation of the valve in less than, for
example, 100 msec, and as the number of valves to be operated
increases, it is not merely the case that the time required
increases, but it is also possible to make mistakes in the
order of operation and to cause counter flow and the like.

(2) The air pressure valve, which is also termed an
automatic valve, has a structure which is highly airtight, and
can be easily controlled so long as the fluid pressure is 10

kg/cm? or less. However, in the air pressure valve, the time

required for the charging and discharging of the gas into the
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drive unit occupies approximately 90% of the response tine, so that the
openi ng and cl osing operation of the valve is slow, at several tens of
mlliseconds, and as a result of the length of the instrunmentation tube
whi ch supplies the gas, or the pressure at which the gas is supplied, the
response tinme of the valves may differ. As a result, irregularities are
produced in the operational order of the valves and the actual operating

order, amdvkhenetavecepses hppwbkehacelpt 00sfbewthe pespured. time, s63)

a nmethod of elimnating the problens in (2) above, a nethod has been

enpl oyedheth whechpehénbeagtihchbséaghopenationeafathenvalibe asdslbe, gas
pressure within each instrunentation tube is set to the sane val ue.
However severaflotearambl ®ililligegoodair shddesi sesesvit géntbendengbh of
manuf act uri ng apparatuses and the |ike, in_those apparatuses which enpl oy
a | ar gethgnBestepmentpgiesntube Whéphe§up§ﬂé§§r§hﬁgﬁéﬁvCOVanés and the

| i ke are enployed in_ ,order to charge and discharge gas in the drive units
of the &FPSSHF§S§Gr¥h&§PV§§e H8Rev8r SuBRdAGde the grsPansesthEeweEnthRe

| ect t I d th diff f
et r undAUAEPoRAY e CIPE | s PoBotEaRy tr o Ui PHRGBLREe" 85t REOBRCBHCA

NSt UTRALLA0.k YBR A0 Ll ! bl 8ngo0Li oLovahuCcauhLEbuLE BhoEhE great es!

di st ance reason, Stor space IS require COI’]t r ol

val ves wilseh ary dPE%%%e be tQ%s%%eﬁhrQHEQﬂeEbﬁn¥ékVE159r H”BE%@&?@HY

|nstrunentat|on respect to the entirety of "t [uid
control devugg A%SawﬂbkhoﬁtoESeQEthﬁgiﬁbbkﬁetBr@B@éhéuih Q2§Y§58qb'n

which the rate is determ ned by the fluid control valve having the (ongest

responsg peithed has been employed in which the lehBgth of each
instrumentation tube and the gas pressure within each
instrumentation tube is set to the same value.

However, in, for example, fluid control devices for
semiconductor manufacturing apparatuses and the like, in those
apparatuses which employ a large number of fluid control
valves, electromagnetic valves and the like are employed in
order to charge and discharge gas in the drive units of the air
pressure valves; however, because the distances between the
electromagnetic valves and the air pressure valves differ for
each instrumentation tube, it is necessary to arrange the
lengths of each instrumentation tube to the fluid control valve
which is at the greatest distance. For this reason, storage
space is required in the fluid control valves which are close
to the electromagnetic valve for unnecessary instrumentation
tubes, and with respect to the entirety of the fluid control
device, as well, it is only possible to construct a system in

which the rate is determined by the fluid control valve having

the longest response period.



(4) As described above, electromagnetic valves are preferentially enployed
in the charging and discharging of gas in the drive units of the air
pressure valves. In particular, as can be understood fromthe structure,
the val ves can be rapidly opened and closed within a few mlliseconds.
However, as is clear fromthis use, the structure is such as to permt

gas | eakage, and furthernore, there is a | arge anount of dead space within
t he val ves. Fay RAbi desedibad sboheyablestacragnétisuvabdesosarases such as
the precise control of the special gases in sem conductor manufacturing
processpseferentiahéypempényednianthenchasgasgaandbﬁéschahgiagfofogpsovide
a fluid control valve, and a fluid supply/discharge system in which fluid
can be épabhg é@mveouné§Sapfatbﬁe§garErgssuang@%Vﬁate|9n19akgi@ﬁiérr] t he

val ves are high speed, having a response tinme of few mlliseconds, and t he
n1n|atu??z&?ﬂoﬁeopndﬁﬁétQQQv rOQthes?HEECEHansFFEnﬁﬂiﬁ?Foﬁa§y§?en1|s not
required, mniaturizati th | ui d_sup and exhaust stemis
bossi bl 62pifidyi HoeRedc 368 ﬁomﬁcwlﬁhéps?eﬁ?wsﬁlﬁﬁgﬁfza@ Sd uEPREVEE/
pIurallt of ¥ Ives therg is . litt

D P os be 2 CAREE ErE kB usk) b BRURGEL 85& P81 Shch8s 988 RermiEsent
'nvent'%Qg'iegkaghu'gpﬁoghggh %ﬁb!@ 'thQbC thkg g?%bﬁﬂttgkoaggdthe

val ve y Is confro e opéning an Fosh e portion
bet wveensaaval e tpeat thrdvailvekyve @B&dﬁhlﬂskﬂgs@ndrhM@huﬂblvesmﬁﬁéehBtth'S

drive unit conprises a rod shaped shaft which app ies pressure via a valve

hol der gandtedva&breused sad®h as the precise control of the specifl
gases in semiconductor manufacturing processes.

The present invention has as an object thereof to provide

a fluid control valve, and a fluid supply/discharge system, in
which fluid can be stably controlled at a pressure of
approximately 10 kg/cm?, the valves are high speed, having a
response time of few miliiseconds, and the miniaturization of
the valve, and, since an instrumentation system is not
required, the miniaturization of the fluid supply and exhaust
system is possible, and in the case in which a system is

constructed using a plurality of valves, there is little

counter flow of the gas.

Disclosure of the Invention

The fluid control valve of the present invention is a
fluid control valve in which a fluid moving through the valve
body is controlled by the opening and closing of the portion
between a valve seat.and a valve holder using a drive unit,
wherein this drive unit comprises a rod shaped shaft which

applies pressure via a valve holder and a valve rod, and a
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menber a which is fixed around the rod shaped shaft; the nenber a is nade
froma magnetic material, and has a space between it and the shaft, and a
coil provided at a position parallel to the shaft noves the nenber a
upwardly and downwardly by electromagnetic induction and nakes use of a
spring force to open and close a portion between the val ve seat and the
val ve hol der. By neans of these characteristics, the present

i nvent i pembBas at haital LewfigetiuaebuAASthe rod BMapedi BHaFbe BRELAEmMBerwhi ch
is made unitary with the rod shaped shaft applying pressure via the valve
hol der andst hedevélrem modagnpwdcdmgtendadowandr Hhy byspeaasbeftweagnéti c

i nduction in the coil, and al so enploying a spring force, the portion

bet weenanfe thel vhasat aaddat keivapbvevhdedernti 8 ppehtionandraléeédtoso t hat
it is possible to omt the operation period involved in the charge and

di schar §8eofhgds mevere thei pembairt @ PRWAKELY| Angr dewnyardayvey and thus a
fluid control valve i,s ,obtained which has a high response speed of a few
mi | | i seCORFSTOMRINRE i6pdAINGtARB BPEslagest UBReOFapvEPTING LOFER BRcause it
is not necessary to praovide the .instru tation tubes, i wer
necessaPpen 3P CHosePebOT EEoR, RETUEeM tBPQEP 175 SBRBUGHG FBSCRATEENG and
dischargbﬂ%egf gas in the drive units, or the electromagnetic val ves,

whi ch were ™ énpl oyed in order to conduct the charging and di schargi ng of

gas in the d%gV%e%%kt%fth%@% %h%r&%%%?ﬂ%%i&@kvﬁﬁe ggésghebhﬁﬁénthgﬁgved

in the differénces 1 n response tines of the valves aresult o
pressur @aef thide 833 oWPRY irefcdidnihe | ength of the instrumentation tubes,
e

the problens involved in th 7

By moving the member a, which is made unitary with the rod
shaped shaft applying pressure via the valve holder and the
valve rod, upwardly and downwardly by means of magnetic
induction in the coil, and also employing a spring force, the
portion between the valve seat and the valve holder is opened
and closed, so that it is possible to omit the operation period
involved in the charge and discharge of gas in the drive unit
in the air pressure valve, and thus a fluid control valve is
obtained which has a high response speed of a few milliseconds
in the opening and closing of the valve.

(b) Because it is not necessary to provide the
instrumentation tubes, which were necessary in the air pressure
valves in order to conduct the charging and discharging of gas
in the drive units, or the electromagnetic valves, which were
employed in order to conduct the charging and discharging of
gas in the drive units of the air pressure valves, the problems
involved in the differences in response times of the valves as
a result of the pressure of the gas supplied and the length of

the instrumentation tubes, the problems involved in the
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necessity for storage space of the unnecessary instrunentation tubes, and
the problens involved in the entire fluid control apparatus in that a
system coul d only be constructed in which the rate was |limted by the
fluid control valve having the |ongest response tine, are all solved.
(c) Because nenber a is constructed froma magnetic material, nenber a has
a saturated magnetic flux density, so that by neans of the electrical

field genatedsit pyrdhestidge idpadess dOFid it diddry e sbn @ @lo hi gh
rate of speed in the direction of the coil. Accordingly, the shaft which

i s made tubedarandiitthe nendisrerss ciatvallwal e ranee @ntpway diysiandoipwasar dl y
at a high rate of speed, so that it is possible to stably conduct the
openi ng aRRXA s righ dfhathea mEystiern dyetlteemliyhdoe \cainst rsedtedarich twid ohal ve
hol der at a high rate of speed. As a result, a fluid control valve is
obt ai nedhthi - haesn kvl ted fes gdes & kudeb.control valivee hatvdmgcttdrs sti cs
descri bed above, the val ve holder caonprises a diaphragm and a di aphragm

hol der, 3R HFRPORES Uckfe 7€ tlet Rk %%nd contact with gas is sinple,
and there is, little dead space, and it i.s possjble to obtain a fluid
control val ve(cf?a\ﬁ%cba%stﬁ)éﬁ ehds Jrseiﬁoribsé:ﬁé%te t%né‘ttaef‘}aﬁqec?sl.c

Furt her hy, di i |l o abqut,the val.ve _.halder, .i.t is possible
to obt a{%%%b%ll’d I‘?:on ér%lga va s\e;ea{ hs\ég\slciunlgaoces%&arqrber%lﬂ:urf&ﬁ‘ﬁ i‘fe;psilrjfy\/al e

(r)rgtegir inglﬂf%o%ip.snilé%s of _thé:Lg]:[%Q:IrfEQfaEﬁ: ﬂyelﬁigr&ehxfactre Yhficd 1magneti c
nprising an iron/cobalt systemalloy having saturatidn
gagneti G d | dbos HEE 1o Pull the by dTRtea Hidl MHNDf &Peed in the
direction of the coil. Accordingly, the shaft which is made
unitary with member a can also be moved upwardly and downwardly
at a high rate of speed, so that it is possible to stably
conduct the opening and closing of the portion between the
valve seat and the valve holder at a high rate of speed. As a
result, a fluid control valve is obtained which has a small
response time.

In the characteristics described above, the valve holder
comprises a diaphragm and a diaphragm holder, so that the
structure of the parts and contact with gas is simple, and
there is little dead space, and it is possible to obtain a
fluid control valve having superior gas replacement
characteristics.

Furthermore, by disposing a bellows about the wvalve
holder, it is possible to obtain a fluid control valve having
superior durability in valve opening and closing.

Furthermore, by using, for member a, a magnetic material
comprising an iron/cobalt system alloy having a saturation

magnetic flux density of 2T (Tesla) or more, or by using, as
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menber a2, a magnetic material conprising an iron/nickel system alloy
havi ng a saturation magnetic flux density of 2T (Tesla) or nore, it is
possible to greatly reduce the volume of nmenber a, so that it is possible
to achieve a mniaturization of the fluid control valve.

Furthernore, in the characteristics described above, by providing a
mechani sm for regulating the gap G positioned between the coil and nenber
a, it imepbesi bRe tomagpebie mhterialveomprbiingegnl Atdn/mickel s{ystéhe
characteristics above, by providing, in the space between the shaft and
coi |, a2kbA¥ehaBingnprFstugahinagnegnetianfbukatiendenyi cfil 2T o(Toaalapf
menber a, it is possible to _induce the magnetic flux flow ng out from one
end of PRe™EEPr 1thiSuBASEhBlAekPedreapbyi fedned boeweehumpeofhaemband t he
coil and int tge.?ther end,oi the cojl. As a result, it is possible to
effecti@él?oeﬁﬁﬁ y1theéSnRERgtPLer FAxaGRABY St *dMEyLatneisationsef i Bae t he
power Wt . whi cokl _pulls nenber a is increased, and it is possible
to obtgﬁ%ﬁé&?kégagggny?gye'valve havi ng an even small er response tine.

Addi tional | yg,l [ S0; RossLb .Lhe.electro netic noise

whi ch exertgutkgggﬁgg felgf E%téﬁg%QFﬁggg%ﬁ %%Id%@%f%%?%?g?ﬁgetuPyent

f|0“ﬁnngBﬁQHQ?EéBemﬁehbnggmtfsrc985ﬁ9$t§ﬁ é€§%g§%%h§ ?g%{€f$%eé|omﬁng the

coil and the | _ _ urthernore, Int haract er I ¢S déscri bed
above, bgtwpesi thentsgl ahdamp@Beki 8D iH 0PPESLLivTet Oot Nabrobe MERBEr b

and thus sandwi ching the coil, a menber c conprising the same magnetic
mat er i avadsenettbekearegtilasipnssi ble to i nduce the magnetic flux flow ng
out of one end of the coil through the 9

In the characteristics above, by providing, in the space
between the shaft and coil, a member b comprising a magnetic
material identical to that of member a, it is possible to
induce the magnetic flux flowing out from one end of the coil
through the member b positioned between the shaft and the coil
and into the other end of the coil. As a result, it is
possible to effectively employ the magnetic flux generated by
the coil, so that the power with which the coil pulls member a
is increased, and it is possible to obtain a fluid control
valve having an even smaller response time. Additionally, it
is also possible to reduce the electromagnetic noise which
exerts undesirable effects on the control system of the current
flowing through the coil on the control system of the current
flowing the coil and the like.

Furthermore, in the characteristics described above, by
positioning, at a position in opposition to that of member b
and thus sandwiching the coil, a member ¢ comprising the same
magnetic material as member a, it is possible to induce the

magnetic flux flowing out of one end of the coil through the
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menber ¢ positioned at the outside of the core and into the other end of
the coil. As a result, it is possible to effectively enploy the nmagnetic
flux generated by the coil, so that the force with which the coil pulls
the nenber a increases, and it is possible to obtain a fluid control valve
havi ng an even smaller response tinme. Furthernore, it is also possible to
reduce the el ectronmagneti c noi se which exerts undesirable effects on other
devi cesnenmiberr nal pdwi thendd Llatd tloordutdidalofe.the cordartdentioy egha n t he
characteristics described above, by providing, at a position in opposition
to menbether #rd shrddve ctehl t s cditeswl thenideri sl nosidkils g a nagneti c
material identical to that of menber a, the magnetic flux flow ng out

from orf £8Rk brelneempl oy dihe Heagnele off Heniganarated fyudde igpilheso

direction of the nenbers b and c descri bed above.. On the other hand, the
magnet i 23 5 1 TRF TRy WHED ofh e iy A1 r%‘a“c%iqheatmetnﬁ?%i%e of menber a

i's induced through nenbers_b_and. i bed above i he .ot h d of
the col TOCTRREYRY, 28y ~pr ovi R FOLIERDR CPCte SorM YTt L O | ¢ 11 ux
t th t 1l LSad it S iblet
o oot 1 VAT hr oy The et 1T A E ity o By ilduey 1o 3o MRER 1 1

force w i h } I ﬁgﬁﬁgﬁ- 1S d Ease b it is
possi b&é?%yﬂojbfg?él %ﬁ%%d%o%%%ft%a ve %@i%ﬁl%@ﬁlorte%}? esponse tine.

Fur t her id€s i PYo LONSEF &6t & NG [ HENELI de Pl /s Akt dhPRI@d |@le £Xuidie shaft
froma plurality of coils disposed in series, then by neans of the

el ect r opegpedl cvdiebd generated by the coils described above, it is
possible to increase the force with 10
Furthermore, in the characteristics described above, by
providing, at a position in opposition to member a and
sandwiching the coil, a member d comprising a magnetic material
identical to that of member a, the magnetic flux flowing out
from one end of the coil at the side of member d is induced in
the direction of the members b and c described above. On the
other hand, the magnetic flux floWing out of one end of the
coil at the side of member a is induced through members b and c
described above into the other end of the coil; however, by
providing member d, the convergence of magnetic flux at the
other end of the coil is increased. As a result, it is
possible to effectively employ the magnetic flux generated by
the coil, so that the force with which the coil pulls the
member a is increased, and it is possible to obtain a fluid
control valve having a shorter response time.
Furthermore, by constructing the coil provided in parallel

to the shaft from a plurality of coils disposed in series, then
by means of the electromagnetic field generated by the coils

described above, it is possible to increase the force with

10



whi ch nmenber a is drawn in the direction of the coil at high speed, that

is to say, to increase the drive force. Addi tionally, by providing,
between the plurality of coils arranged in series, nmenbers e conprising a
magnetic material identical to that of nmenber a, it is possible to nmake

uniform the drive force described above, that is to say, the force with
whi ch the nmenber a is pulled at high speed in a direction of the coil as a
resul t wifidheneiset rd 4 iddargenerdicedinedtion of Ithearditlhiax i8igh

pr ef er abl e. Furthernore, in the characteristics described above, the
magnet i sperd ertildt clonttad reays per demtrdnsendilghtdmifves divatieum so that the
wor kability of the material is inproved. For this reason, it is possible

t o const ructAddie ¥enakl vorky @raridiaigt betsigapdthe Riutedriiy ©f whrels he
magnetic material contains 5 weight percent or |ess of vanadium then it

i s possABIANIRF IReRRE e TIPRET © refittisHidy vhinaonadilt Mafiergathe high

saturatj on magnetic flux density of the magneti c, terial. Accordingly,
t he per’ré%fbﬂ%ray 55 ftt}fagc rfﬁéﬁ’éﬁr‘i‘t{em'erli%ll (%%ﬁﬁf'rbg(iq &P MRgfetdre qliB(g Y
densi t tic resistance)., i hcr,eases, t.hat, it i ible to.mre
CErongl SR HIEHE £88e ANEEnd I ADERRES ok U e 'yt B 'Rl

Fur t her by | V%eejh’é}n;&ié@ 9 i{‘\‘f%%fé}i |9 i %Beéﬁiigfr‘ d %lirse%p&i'clneﬂo o the

coil ina nner be a large 7inrti ive current until the

openi ngrid d8e Vad Ve AdshBe SBlde MBI dUSNANCEL S IiHe ALK BPEHUAY Whi ch

serves to maintain the open state, then it Is possible to suppress the
power cessuethd nthhe 14 i yee tiidbxonduct i ng the operation which pulls

menber a in the direction of the coil at high speed as a

11 Furthermore, in the characteristics described abowve, the
magnetic material contains 5 percent by weight of vanadium, so
that the workability of the material is improved. For this
reason, it is possible to construct the fluid control valve at
low cost. Furthermore, when the magnetic material contains 5
weight percent or less of vanadium, then it is possible to
reduce the magnetic resistance while maintaining the high
saturation magnetic flux density of the magnetic material.
Accordingly, the permeability of the magnetic material
(saturation magnetic flux density/magnetic resistance)
increases, so that it is possible to more strongly induce the
magnetic field flowing out of the coil.

Furthermore, by supplying the exciting current which is
supplied to the coil in a divided manner between a large
initial drive current until the opening of the valve and a
small maintenance current after opening which serves to
maintain the open state, then it is possible to suppress the
power consumed in the drive unit conducting the operation which

pulls member a in the direction of the coil at high speed as a

11



result of the electric field generated by the coil described above, and it

is possible to prevent danage to the coil resulting from heat.
Furthernore, after the cut off of the exciting current supplied to the
coil, by again supplying the exciting current to the coil for only a short

period of tinme after a short period of tinme t, the soft |anding control of
the valve holder 1is possible. That is to say, the pushing force of the
spring reBullbeodi enet koBceritheivativgengahted beduRgdcosD dbstrabea result
of reducing the valve closing speed, the shock effect of the valve hol der
wi t h respeee,t entlheétvabvpossdblestanpkeveatedamagadtdbhtkeesskhti al |y
elimnates the occurrence of damage in the valve seat or val ve hol der

Fur t her reselthpanikonghers.structure one in which the gap G posi tioned

bet ween the coil and nmenber a, nenber b, and/or nmenber c is filled in a
freely char gERBtBeaRaral sehiegesBPeCulnAfifr Ofi theacKayhERDCCRFERAL it s
possible to_reduce the magnetic resistance of the portion of gap G

cor r espSHAPHE S0 EOt kBey SPE & sPYOREA1As SHPPLY¥APT, the F§Cb5é§9bFBrF6n50h|eve

Su|F}ﬂg%t”%%é?%égﬂngeﬁigﬁ&gf5§§P§3%t BRE4E P anc LPBeRE DS ReBRSED! the
el ect 1 Balstheld SOREr 3t edndy bt sablafESErhbet) 8ROYRe vary ﬁgiaggrnvre,
y adop I'ng -a ruc ure’in wh a‘resinfrm~havrn prédeterni ne

possi bl 651 BOFEaBAE t ha mbact nerdé whrcR"Ray fgrcé”gé° et
y Dbe generate as uIt of
the i nPagt the direction of the valve seat is #@duced, so that as a

result of reducing the valve closing speed, the shock effect of
the valve holder with respect to the valve seat is ameliorated,
and this essentially eliminates the occurrence of damage in the
valve seat or valve holder.

Furthermore, by making the structure one in which the gap
G positioned between the coil and member a, member b, and/or
member ¢ is filled in a freely chargeable and dischargeable
manner with a magnetic fluid, it is possible to reduce the
magnetic resistance of the portion of gap G corresponding to
the valve stroke. As a result, it is possible to achieve a
miniaturization of the drive unit which conducts the operation
of pulling member a in the coil direction at high speed by
means of the electrical field generated by the coil described
above.

Furthermore, by adopting a structure in which a resin film
having a predetermined thickness is interposed between member
a, member b, and/or member c, it is possible to reduce the

impact noise which may be generated as a result of the impact

12



of the menber a into nenber b and/or nenber c¢ end surfaces during the

val ve openi ng operati on. In the fluid supply/exhaust system of the
present invention constructed using fluid control valves such as those
descri bed above, no disparities are produced in the response tine as a
result of individual differences in the human operators or as a result of
differences in instrunentation tube I|ength or gas pressure, and

furt herobrehe apambveny anthicd asemige r dp exred / @n naree hec st emedfadedi gh speed
and in a constant nmanner by neans of electrical signals, and noreover, a
fluid <upphy/exdavaliveyepeningieperatsomi| and has high reliability is
made possi bl e. Furthernore, the system conprises fluid control

val ves, a uhRttRentleidappeply(exhdizh sestrpwiidheinrteseoner source, a

control ,unit, and a glurality of drive units, a control caonputer which is
provi delPYFRElPREPRSEERET R BT of kA EORt B EWRAi AR G | 1R whi ch

t.th I ter.,Wwth, . th it t tus; b f
conduct FHEC BEEF At TERLS: RO (LT HH HE CortT ol PLATVERT ! Heknst SAPRS at | onal
St gnal s, fyofLom LD optoel; COMPLASL) & FLOPLILLSAL A Ofnlli,
conmmuni catron I rTnes is possible, and it " Ts possible to rapidly and

accur at gh ¥y 0915 Obr ap! U ALLL ¥e o T ik o FONLLO! 112l S ol iRAL AFOUSLY Vi

the unit® cont I’O% apparatus, a a mniaturization and 1 ncrease 1 n control

functioneRfthhrf§abdpr859R1Y/ eXRQUSLr SNSEROTA S i/ €and closing
Furthernore, by neans of providing an opening and closing detecting

appar at ggetrat i BesVaahobé &Lhidve@nit ohiywrl ¥8Se@nghd NBki Agcdher it uct ure one
in which the open or closed state is 13
manner by means of electrical signals, and moreover, a fluid
supply/exhaust system which is small and has high reliability
is made possible.
Furthermore, the system comprises fluid control valves, a
unit control apparatus which is provided with a power source, a
control unit, and a plurality of drive units, a control
computer which is provided in a remote central control point,
and communication lines which connect the control computer with
the unit control apparatus; by means of conducting operations
of the fluid control valves by means of operational signals S
from the control computer, a simplification of the
communication lines is possible, and it is possible to rapidly
and accurately control a plurality of fluid control valves
simultaneously via the unit control apparatus, and a
miniaturization and increase in control function of the fluid
supply/exhaust system is possible. |
Furthermore, by means of providing an opening and closing

detecting apparatus in the various fluid control valves and

making the structure one in which the open or closed state is
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comuni cated to the control conputer via the unit control apparatus by
means of signals P fromthe opening and closing detecting apparatuses, it
is possible to detect errors in operation resulting from external noise
and errors in operation and problens present in the fluid control valves
t hensel ves, and this is preferable. Brief Description of the Di agrans
Figure 1 is a schematic cross sectional view showing an exanple of a fluid
cont r ol cemmwei ¢art ed coo diane econt ol heompresentvia kenturoit controlFi gure 2 is
a graph showi ng the relationship between the saturation magnetic fl ux
densi t y2apRa¥deusdgnaneanseeers idnats Prefen the avpemenbandX;lesihd he
opening. and c|losing state of the valve and the response tinme thereof.

Fi gur e 3eFCHIRG SRR R BF Rt shbwi figPess Bxkapie dFtect 1-FEPrs bl y/ exhaust
system in accordance ﬁjth thﬁﬁresent i hvention. Figure 4 is a
scherat PREEF bEQ0 sELE FONERY VB sFRvE TRA L NRbLIR Y GHETO%S rithreRetatel ol ve.

) ot a A AEORTISs 105, L LA 4 G AIPAE S, SORUSILIENE,
betmeenaﬁget?fgt#% +9Fe petic flux density of the nenber a used in the

fluid contro a and € dianmeter of the coil which nmakes possible the
openi ng and cl osi ng operation of the val ve. Figure 7 is a linear

di agram showi ng the relationship between the exciting current | flowing in
the coibrDéftbesétibtlion of the Diagrams 14

Figure 1 is a schematic cross sectional view showing an
example of a fluid cdntrol valve in accordance with the present
invention.

Figure 2 is a graph showing the relationship between the
saturation magnetic flux density of the magnetic material of
member al and member a2, and the opening and closing state of
the valve and the response time thereof.

Figure 3 is a system diagram showing an example of a fluid
supply/exhaust system in accordance with the present invention.
Figure 4 is a schematic cross sectional view showing a

conventional air pressure valve.

Figure 5 is a schematic cross sectional view showing a
conventional electromagnetic valve.

Figure 6 is a graph showing the relationship between the
saturation magnetic flux density of the member a used in the
fluid control valve and the diameter of the coil which makes
possible the opening and closing operation of the valve.

Figure 7 is a linear diagram showing the relationship

between the exciting current I flowing in the coil of the fluid
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control valve in accordance with the present invention, the suction force
F, and the initial gap G Figure 8 is a graph show ng the val ve
openi ng operation characteristics of the fluid control valve of Figure 1.
Figure 9 is a graph showi ng the val ve closing operation characteristics of
the fluid control valve of Figure 1. Figure 10 is a system di agram
showi ng anot her exanple of a fluid supply/exhaust system enploying fluid
control ocaltred ivalvacdor dareadsinide WhHehpresepires@ventin®@ntion, thegure 11
is an explanatory diagram showi ng the timng relationship between the

oper at i Gwgitigingfgrce dhd aexkcitthengnidiedenapl Gof the fluid control valve in
accordance wi th the present invention and the operation of diaphragm 11
and the novdREtrepfd tilfe aygnp®h showing dimee vad vies opesdhgmeberations
sectional view showing exanple of a fluid control valve in accordance with
the presRrasterdmbiss wh dhig Llaid kontgodamey)veped Fjgare 1.  Figure 13
is a schenatgﬁ_cros sectional  vi m/shomﬁg%tan exanple of a fluid contro

val ve in accord@é&e Jnitth & 19 35 SHAW10Gn FERt Vo V&t CdOsdngd oPTaEdRNa manner
h th i ) i j i d ' | lel_with _the shaft conprises a
that %hca%'factcg:lles\él\ﬁ:ﬁ%q é)hf %:h%r %‘i‘u 1%d c:?%.it%%g.grviaggr_ewof Fi glgir%u m

plurality \ are di'spose ure 14 is a

P G, SRR IO o SO0, ARG ool R 8

i?OUt t I wid WipP18) d8haust SRRtE Ridpddyehgt B8 uRel @08R¢8Y) valves in
accordance with the present invention.

Figure 11 is an explanatory diagram showing the timing
relationship between the operational signal S and exciting
current I of the fluid control valve in accordance with the
present invention and the operation of diaphragm 11 and the
movement of the valve.

Figure 12 is a schematic cross sectional view showing
example of a fluid control valve in accordance with the present
invention which is of the normally open type.

Figure 13 is a schematic cross sectional view showing an
example of a fluid control valve in accordance with the present
invention structured in such a manner that the coil 102 which
is provided in parallel with the shaft comprises a plurality of
coils which are disposed in series.

Figure 14 is a schematic cross sectional view showing an
example of a fluid control valve in accordance with a present
invention in which a bellows is disposed about the valve

holder.

(Description of the References)

15



L coil dianmeter G gap between nenber a and nenber b or

menber ¢ S operating signal, P operating state signal,
exciting current, F magneti c suction force, 24 cont rol
conmputer, 25 unit control apparatus, 26 ~ power source, 27
control unit, 28 drive unit, 29 communi cation port, 30
comuni cation line, 31 openi ng and cl osing detector, 101
termnall, 102 coilcalilametEds case, 104 menber a, 105
menber b 106 menber ¢, 107 menber d, 108 shaft, 109
valve r&, 110 93P beitsiseragenisicder andlrember b diraplmbgn ¢ 112
val ve s%@t, 113 fluid inpuyt port, 114 fluid output port,
16 operating signal,

P operating state signal,

I exciting current,

F magnetic suction force,

24 control computer,

25 unit control apparatus,

26 power source,

27 control unit,

28 drive unit,

29 communication port,

30 communication line,

31 opening and closing detector,

101 terminal,

102 coil,

103 case,

104 member a,

105 member b,

106 member c,

107 member d,

108 shaft,

109 valve rod,

110 diaphragm holder,

111 diaphragm,

112 valve seat,

113 fluid input port,

114 fluid output port,

le



115 spring, 116 bonnet, 117 screw affixing bonnet 116

and case 103, 118 screw affixing shaft 108 and plunger 119, 119
pl unger, 120 actuat or body, 121 val ve body, 122 bonnet
nut, 123 bel l ows, 124 menber e, 125 st oppi ng screw,
126 val ve hol der, 401 instrunentation gas input port, 402
actuator, 403 val ve rod, 404 di aphragm 405 val ve
seat, 1406 sfdndings i nput port, 407 fluid output port, 408
screw, 409 actuator cap, 501 termnal, 502 coil, 503
iron cdrl® 504 bonnety| ynger, 505 val ve disk, 506 val ve
seat, ]%97 §é££¢j££¥¥§idﬁ”ﬂannet 116 and case 103, 17

118 screw affixing shaft 108 and plunger 119,

119 plunger,

120 actuator body,

121 valve body,

122 bonnet nut,

123 bellows,

124 member e,

125 stopping screw,

126 valve holder,

401 instrumentation gas input port,

402 actuator,

403 valve rod,

404 diaphragm,

405 valve seat,

406 fluid input port,

407 fluid output port,

408 screw,

409 actuator cap,

501 terminal,

502 coil,

503 iron core,

504 plunger,

505 valve disk,

506 valve seat,

507 fluid input port,
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508 fluid output port, 509 SCrew. Best Mode for Carrying
Qut the Invention Figure 1 is a schematic cross sectional view
showi ng an exanple of a fluid control valve in accordance with the present
invention. In Figure 1, reference 101 indicates a termnal, reference 102
indicates a coil, reference 103 indicates a case, reference 104 indicates
menber a, reference 105 indicates nenber b, reference 106 indi cates nenber
c, refersgwe 107 dndicahapuepec,d, reference 108 indicates a shaft,
reference 109 indicates a valve rod, reference 110 indicates a diaphragm
hol der, 50d er ence skdew.ndi cates a di aphragm reference 112 indicates a

val ve seat, reference 113 indicates a fluid input port, reference 114
indicates a fluid output port, reference 115 indicates a spring, reference
116 indicates a bonnet, reference 117 indicates a screw for attaching
bonnet Bestadipde dier GFrrEiy tertdifc"YER 3R cates a screw for attaching

shaft 108 and_bonnet_ 118. As, shown in Fi 14,, di aph hol d 110
and di aphr agni194%%€ phyl He® i 1SS W hsetG!h uc{fgﬁ]véh‘r%‘i %g}({waig}n& éaorbeflr ows

" v Shere o8 P LS e R U4 le in accdfddlfe Wit GANTRsR Vo

i n accor sen rnventi on, ve uni serves to

open and; . 1 he rbd “@B{f t 1&g di ; 11
conpri sglsr?\g&%%)éﬁl'sha%g is(ﬁg]f%jefl'OS oér/laéaﬁ[;% f/lﬁﬁlg ls)rgcglssur egtag@(ﬁ%%ma;lg'm 11 via

di aphr agra ol gdese 116, ansl Vel #es rotkd 0P, Ak ferdBdTbry3 & ddiBte i cuds,

af fi xed about this rod shaped shaft 108. 18
reference 104 indicates member a, reference 105 indicates
member b, reference 106 indicates member c, reference 107
indicates member d, reference 108 indicates a shaft, reference
109 indicates a valve rod, reference 110 indicates a diaphragm
holder, reference 111 indicates a diaphragm, reference 112
indicates a valve seat, reference 113 indicates a fluid input
port, reference 114 indicates a fluid output port, reference
115 indicates a spring, reference 116 indicates a bonnet,
reference 117 indicates a screw for attaching bonnet 116 and
case 103, and reference 118 indicates a screw for attaching
shaft 108 and bonnet 118.

As shown in Figure 14, diaphragm holder 110 and diaphragm
111 may be made unitary with the valve holder, or a bellows may
be disposed about the valve holder.

In the fluid control valve in accordance with the present
invention, the drive unit which serves to open and close the
portion between valve seat 112 and diaphragm 111 comprises a
rod shaped shaft 108 for applying pressure to diaphragm 11 via
diaphragm holder 110 and valve rod 109, and a member a (104)

which is affixed about this rod shaped shaft 108.
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Menber a (104) preferably conprises a magnetic material conprising an
iron/cobalt systemalloy or an iron/nickel system alloy having a
saturation magnetic flux density of 2T (Tesla) or nore. Coil 102 is
positioned in parallel with shaft 108 and a space is present between coi
102 and shaft 108. Coil 102 noves nenber a (104) upwardly and downwardly
by nmeans of electromagnetic induction, and by neans of enploying the force
of spring ll%lenkern @ pdddi)bipereaferepdly aotprices theagpatdéc betesdmalval ve
seat 112 and di aphragm 111, Furt hernore, by appropriately disposing
nenber FOREEE)Singramhdiran/crbg)lt systeenisddoy EXORp, icomgriisked svsdagmetic

materi al _i icgl to that of nenber a (104), about coil the magnetic

den (. , 102,
flux fl ARy QRAVIRE ShS3ddadiiotomMagnes ifay g dengdddd ofned tFesdefer end
of the %pihmyia menbers b, ¢, and d. Accordingly, it is possible to
effectivéiy éﬁ%loy the magnetic flux generated by coil 102, so that the

force with \Maogﬁ qQd J'ﬁlg:?)(?%gilo%e%? i'}ie'p%%rahlq.eils Wile 6338d 13Rd Il 1S

possible to obtain a control "vaFvé 'having a shorter ‘response tine.

Fur t her By B PRISHIN bl Adiy 102 Gold SrdirtPaped | Rosenies, and by

provi ding nenbers e conprising nmagnetic materia entical to that of

menber adwiseriddie Pl o) tipwlir A9 lahd doi@wdiidl® B GRas@N JFe i ncreased.
Furt hernore, when 5 wei ght percent or less of vanadiumis included in the

magnet i @ lrtterdre greanpy iisidugtirmeantl Ei04eanst e waigkaliinigt thef fidiee-

material is inproved. Furthernore, the perneability of the magnetic

mat er i alofalsgwingrlddsed,t sie tdmstsible to open and close the space 19
between valve seat 112 and diaphragm 111.

Furthermore, by appropriately disposing member b (105),
member c¢ (106), and member d (107), comprising a magnetic
material identical to that of member a (104), about coil 102,
the magnetic flux flowing out of one end of coil 102 may be
induced into the other end of the coil via members b, ¢, and d.
Accordingly, it is possible to effectively employ the magnetic
flux generated by coil 102, so that the force with which coil
102 pulls on member a is increased, and it is possible to
obtain a fluid control valve having a shorter response time.

Furthermore, by employing a plurality of coiis disposed in
series, and by providing members e comprising magnetic material
identical to that of member a between the plurality of coils,
the drive force can be increased.

Furthermore, when 5 weight percent or less of vanadium is
included in the magnetic material comprising member a (104),
the workability of the material is improved. Furthermore, the

permeability of the magnetic material also increased, so that
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this is advantageous in that it is possible to nore strongly induce the
magnetic field flowng out fromthe coil. Furt hernore, by supplying
the exciting current supplied to the coil in such a manner as to be
divided into a large initial drive current up to the opening of the valve
and, after the opening of the valve, a small maintenance current to

mai ntain_ the opened state of the valve, it is possible to suppress the
power cd&fdEnmisi edviemtelgeomsi va dhiat dendscpiosgibie tpematicostirpngilyi ch
menber a is pulled at high speed in the direction of the coil as a result
of the énsdcs &he Bagngéder fied doyflomdngoput faem ithei sopdssible to prevent
damage to the coil resulting from heat, . Furthernore, after the
exciting cur FEFREFROLCad B0 SURRPLYdH0 the €¥CisAng BRrEepsl yurglird to
reexciting cur.rent to the coil for only a shqort period of tine after the
short tFﬁ% oL HE & Paﬁ@?ﬁﬁrbgﬁtESI%Sfdﬁﬁédﬁgl&BtﬁoPdé?rB§ Aeds1al

possi bl g..: N I ds, Is far in_the direction of . the valve
seat is%Fégﬁbgg bynfﬁg&ggfﬁ%g% @%zgﬁgg P%eggﬁogﬁagF PHS'iﬁﬁgéf the t he

val ve hojder nandvathe vaadtk,i & %ﬁ%hUO%%HEQe%§n@er%ﬁ%&%ntogoam%ggﬂgg on1n

t he val ve opening speed, and it Is possible to essentially elimnate the

danger ehedapRged ethte \WEH theSeallvelr ikhe svVabkaibekdeb. suppresEUihier nore,
by providing a structure in which the gaps G between the coil and nenber

a, and pewesr donamthpariomeiberthe, drave unlitedonduktangagnet bpelrhiidni Bya
freely chargeabl e and dischargeable manner, it is possible to reduce the
magnet i @hicdsinemiege aofist paljadt stohighp sGeedr iespbrdidigetaibhe ofalthe
StrOke'coil as a result of the electriczgield generated by the coil,
and it is possible to prevent damage to the coil resulting from
heat.
Furthermore, after the exciting current supplied to the
coil is cut off, by supplying the reexciting current to the
coil for only a short period of time after the short time t,
the soft landing control of the valve holder is made possible.
In other words, the pushing force in the direction of the valve
seat is reduced by the spring, so that the shock of the impact
of the valve holder and valve seat is ameliorated as a result
of a reduction in the valve opening speed, and it is possible
to essentially eliminate the danger of damage to the valve seat
or the wvalve holder.
Furthermore, by providing a structure in which the gaps G
between the coil and member a, and member b and/or member c,
are filled with a magnetic fluid in a freely chargeable and
dischargeable manner, it is possible to reduce the magnetic

resistance of the parts of gap G corresponding to the valve

stroke.
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As a result, a mniaturization is possible of the drive wunits which
conduct the operation of pulling nenber a at high speed in the direction
of the coil as a result of the electric field generated by the coil.
Furthernore, by providing a structure in which a resin filmhaving a

t hi ckness of 0.05 mmis interposed between nenber a and nenber b and/or
menber ¢, it is possible to reduce the inpact noise which nmay be generated
as a result B$ aheeswnpbeta henveenribethembbs possitbideccfntheudfiees of the
menber b  and/or nmenber c during the val ve openi ng operation.

Her ei nb@nbhe ‘t’hchp%ﬂPﬁ’gCEth%l oRe Ayt boeraf | Pkl b9 tirRber 12 eedntdll val ve

in accordan th t ge gresent invention, will be explained in detajl based
on Fi guPB® ? F?gﬁ?% ¥ Cﬁlogcﬂgnﬁ??c°%+%s§ss%c??%ﬁ%£ Ut eWdfeLeRbFhal 1y

cl osed | h th Ive i s closed. (A osing -> Opening
Cperatl%%gfd en&“ ec r| %Olgputted fromtermnal 101 into coil 102,

and t hereby, E?P %gﬂgn% % §&%g?39€§téc§£%gcégggc§% wﬁfghcgl }92 and

menber b (10 i xed to case come i Rt o cont act

with megben ﬁgvseﬁgnsn@ﬁicﬁﬁeééoé)f 0apd hR 1§Cf19EQ915‘8§e ﬁ)@t&é‘éﬁ m&n@efod

shaped shaft 108 which is affixed to nmenber al or er a2

pushed gpgAadsembert Bahnéijier dempbragm id1i @@si]@l@uﬁdﬂeﬂe&%{céhﬂlﬁé 108 and
the val ve seat 112 are separated, and fluid flows fromfluid input port

113 to impact nolpatwhidh may be(@prarated>afl astegulpesait tioa) impact
Current is cut off to coil 102, and thereby the electromagnetic field of
coi | 10betweehi theamenbeand ahd hkebend surfaces of the member b 21
and/or member c¢ during the valve opening operation.
Hereinbelow, the opening and closing operations of the
fluid control valve in accordance with the present invention
will be explained in detail based on Figure 1. Figure 1 is a
schematic cross sectional view of a normally closed type in
which the valve is closed.
(Closing -> Opening Operation)
.Electricity is inputted from terminal 101 into coil 102,
and thereby, coil 102 is electromagnetically induced, and coil
102 and member b (105) and member c (106) affixed to case 103
come into contact with member al or member a2 (104), and in
accordance with this, the rod shaped shaft 108 which is affixed
to member al or member a2 (104) is pushed upwards, so that the
diaphragm 111 which is pushed by shaft 108 and the valve seat
112 are separated, and fluid flows from fluid input port 113 to
fluid output 114.
(Opening -> Closing Operation)
Current is cut off to coil 102, and thereby the

electromagnetic field of coil 102 is eliminated, and the member
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al or nmenber a2 (104) which was in contact with nenber b (105) and nenber
c (106) which are affixed to coil 102 and case 103 separates, and in
accordance with this, the rod shaped shaft 108, which is affixed to nenber
al or nmenber a2, (104), is pushed downwards as a result of the force of
spring 115, so that shaft 108 pushes on di aphragm 111 and di aphragm 111
and valve seat 112 cone into contact, and the flow of a fluid from fluid
i nput pedt orlBetbefr| aicd (A0¥puWhpoht wak4ist opatact witBhmehbairdbcgadbol

val ve of the present invention is a electrically controlled fluid control
val ve wAnghmeshgicts (198anivhgchnarel ssifigedpspacpdhs18e hAhghcepeedOand in a
standard manner with respect to electrical signals, and which is,
noreoveFepéﬁéFPSan&ngf1ﬁ|§ﬁ¢P€ﬂﬁ&G?lWﬂ§h &hdss uthreraer shapad shasdt to

i ncreas he ahilit erable that . chrom um gxi de passivation
treatme %’ % Ihpﬁév?é\ééx?ﬁ'p&f’iE‘remi’feésla%tSﬁc@ef“@elraéﬁ'of(lﬁéﬂerlgcorromon
resista n t tic the surfaces o arts in
contact%%%heﬁ ggg%%a §% ugrl gsﬁg %a?ﬁg %Pfgﬁt Fprﬁﬁgc ro§ des
SUPCT T OfHEQr RRIFRN 1085 ARG oh0 'gﬂ a0 113¢ 208N IGbRGagn 1 EFDAMTENt S

Her ei nbel ow, the fluid control va flurd supp y and system

of the RhaseNehrvanti edmsl lihtbe oxrhaiknedny the Febaremrcs EQu&HefEb&ures
however, the present inventionis in no way limted to the enbodi nents

descri be&duid inpuftEpoedi mast td) fluid oukpulti poetbadisnelbpsysi ng for the

menber a which was used to construct the fluid control valve shown in

Figure 1 variThes fluid control valve of the preseB2 invention is a
electrically controlled fluid control valve which conducts
opening and closing operations at high speed and in a standard
manner with respect to electrical signals, and which is,
moreover, small and of high reliability, and furthermore, in
order to increase the reliability, it is preferable that
chromium oxide passivation treatment, which provides superior
resistance to lack of water, corrosion resistance, and non
catalytic properties to the surfaces of the parts in contact

with gas, and fluoride passivation treatment, which provides

superior corrosion resistance to fluorides, be conducted.

Embodiments

Hereinbelow, the fluid control valve and fluid supply and
exhaust system of the present invention will be explained with
reference to the figures; however, the present invention is in
no way limited to the embodiments described.

(Embodiment 1)

In this embodiment, using for the member a which was used

to construct the fluid control valve shown in Figﬁre 1 various
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material s having a saturation magnetic flux density Bs wwthin a range of
0.5 - 2.3 Teslas (Fe, Fe-Co systemalloy, Fe-N system alloy, and the
like), the coil diameter: L which permtted the opening and cl osing
operation of the valve was investigated. The coil dianeter: L was altered
by varying the nunber of turns of coil 102 within a range of 750 - 1500 T
(0.3 nerr], 12.6 [err].20[err]C). At this tine, the length of the coil in
the di meteirdnlsf haménghaf sanasativadmagnatpeedeter denedtyabyewithin a
Figure 6 is a graph showing the relationship between the saturation
nagnetiéapgﬁxogeﬁsﬁty éf 3t ReskdmbdFea Bee@ot syspenmdatdoyheFétNidsgetemnol
val ve ani the coil dianeter pernittinglthe openi ng_and cl osi ng operation
of the ¢afQ¥s and thendikg)yokhrgopéinfiiamptest ebr which Peguitted the (1)
As Bs ingcreases a rgduction in the coil dianeter which permts the
openi ng°RRE*8Po8PRgCSREAR0i BREBPLERE Q4 bhe| ¥alpssyps| énvestigates. | n or der
to set oi.} . di L ich is,equgl.to__or.less than the inner
dianete?h%a%%%gx?g§#§%§r3oﬂhw SO?EFﬁgegaEYug?BylﬁgdgthnPﬂBeFIBﬁdt56ﬁ§rol
val ves i eRiar r Ly ted, 7kh LS essapyLto. e oy a materia
vl €811 Gopr GSERLLY o HBLKE!8Y: 75b LS1366C3SRRY 3! Ry SPh 0¥

having a saturation nagnetic x density of " 2. nore in the

menber @.20°c). (At RN, E tH 1RAQGtEAT Phe? oah! il @ppter: L which
is less than or equal to the inner dianeter (approximately 30 m) of the

act uat odikedyioh sfamdar dhblfui dasonikel ¥8l ¥egreddveiNgntasyalhation (when
the junction installed in the valve is connected with other nenbers), the
probl em of dFfifjucel 6i és a graph showing the relationship b@Bween the
saturation magnetic flux density of the member a used to
produce the fluid control valve and the coil diameter
permitting the opening and closing operation of the valve.
The following points are clear from Figure 6.
(1) As Bs increases, a reduction in the coil diameter
which permits the opening and closing operation of the valve is
possible.
(2) In order to set a coil diameter: L which is equal to
or less than the inner diameter (approximately 30 mm) of the
actuator body of the fluid control valves which are presently
marketed, it is necessary to employ a material having a
saturation magnetic flux density Bs of 2.0 Teslas or more in
the member a.
(3) Furthermore, in the case of a coil diameter: L which
is less than or equal to the inner diameter (approximately 30
mm) of the actuator body of standard fluid control valves,
during installation (when the junction installed in the wvalve

is connected with other members), the problem of difficulties
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of connecti

ng the junction to the valve which are caused by a large coil

di anet er can be avoi ded. (Enbodi nent 2) In the present

enbodi nent ,

two separate nenbers are enployed as the nmenber a which is

used to produce the food control valve shown in Figure 1: a nmenber al
(conprising a magnetic material conprising an iron/cobalt system all oy),
and a nenber a2 (conprising a nagnetic material conprising an iron/nickel
syst emdd |lapneanichg Hehey gluretriespdrs e wes v hadtich srte0 caaysed ey ta ne
required fromthe closed state of the valve to the opened state of the

val ve)

g aresivly el ampetier gareden@vaildedsat urati on magnetic flux density of

the two types of nenbers. The nenber al and nenber a2 having differing

saturation

digmentye)density materials were produced by altering the

conposition ratios of the various alloys. However, in the present

enmbodi nent ,

s Papsent aﬁﬂ‘ﬁ"%ﬂmﬁrﬂ%h % SERAGE S MSES Bhfer e not

o o Pl e el ¥ WL G e B, S R0 o ane
the of REnPIINLL1HE dhdiP N P g I10SE AP Wnphs sing o T OUTE 2
r}‘l e Sg{“l n&e rati on n‘eggne

is a grap

show ng the relationship between Sat tic flux

densi t nfndEIdHa @ rad JBMEISTs 8¢y 3 ixtd?)e/do%%q({n%%stﬂéﬁ?-%ﬁ.‘gﬂher e, in

Figure 2, the opening and closing state of the valve iIs

own in Ich a

gas (nid meg@ydr d> (ddnmd Simmd htadretit inidriRar teokipra ArRpsH € of 10
kg/cn2, and using the force of a spring, the diaphragmis pushed agai nst
t he valiwrsfaickalndtdteanelnl laqas fdrevtise stxdppredespathse times (that

24
is t

to t
the
menb
satu

alte

whic

posi

into

were

o say, the time required from the closed state of the valve

he opened state of the valve) was measured while altering
saturation magnetic flux density of the two types of

ers. The member al and member a2 having differing

ration magnetic flux density materials were produced by
ring the composition ratios of the various alloys.
However, in the present embodiment, members b, ¢, and d

h are shown in Figure 1 were not employed, and the

tions at which these three members were provided were made
empty space.

The coil diameter was set to 30 mm and the other points
identical to those of embodiment 1.

Figure 2 is a graph showing the relationship between the

saturation magnetic flux density of member al and member a2 and

the

clos

response time. Furthermore, in Figure 2, the opening and

ing state of the valve is shown in which a gas (nitrogen)

is filled from the fluid input port at a pressure of 10 kg/cm?,

and

agai

using the force of a spring, the diaphragm is pushed

nst the valve seat, and thereby, gas flow is stopped, and
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fromthis state, a current is passed through a coil at a fixed voltage,
and by neans of the resulting el ectromagnetic induction, nmenber al or
menber a2 is drawn upward with a force stronger than that of the spring,
and the gas filling the fluid input port is supplied to the fluid output
port. The follow ng points are clear fromthe results of Figure 2.
(1) Wien the saturation magnetic flux density of nenber al and nenber a2
i s | essfrhanthis( Téeltas) a chereaktvésdpdsaet tbpenghea(thélvatve didedot
nove froma closed to an opened state. (2) When the saturation
magnet i ¥olltagedeastt Pyofepngpel &he zaguAbiber edechasmagnetésl as) or nore,
t he val ve opetatedm%the val ve changed froma closed state to an opened
st at e) . tnductipgy mRMPRE AdgPENTPRPRAI BR LRed¥anpeuBpardt Bdtht Raforset o

, th [ in _which th t ti, fc fl d it f ] I
and menBSFORT et oY (h8E 5%) BB RBFARS: aol e pbRs 8%t £ALISPO] 6PRsEL0R | eas
bt gi : ‘ |t h in Fi
5 and GTCE gBPEt Aoanae R Frr e LI R e Rb T <l oo uring Che

opening oper ahe0FoaNdyihg ebankRda08LabLoN byl Rie LLULTLCOBEN @ ghakye
shown in Figure 1, and during the opening of the valve, arter
approxigately 0.007 seconds fromthe point at which operational signal S
enters the ON state, the valve becones fully open (a valve lift of

appr oxi mat el Y(10. @hew) theFeathearios, mdyghiendct feugl aenBgt9f ofhRemBbyrealaft er
approximately 0.0031 sec fromthe point at which operational
25 and member a2 is less than 2T (Teslas), the valve did not

operate (the valve did not move from a closed to an opened

state.

(2) When the saturation magnetic flux density of member al
and member a2 was 2T (Teslas) or more, the valve operated (the
valve changed from a closed state to an opened state).

(3) In the region in which the valve operated (that is to
say, the region in which the saturation magnetic flux density
of member al and member a2 was 2T (Teslas) or more), a response
time of 10 msec or less was obtained.

More concrete measurement results are shown in Figures 8
and 9. Figures 8 and 9 show the operating characteristics
during the opening operation and the closing operation of the
fluid control valve shown in Figure 1, and during the opening
of the valve, after approximately 0.007 seconds from the point
at which operational signal S enters the ON state, the valve
becomes fully open (a valve lift of approximately 0.3 mm).
Furthermore, during the closing of the valve, after

approximately 0.0031 sec from the point at which operational
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signal Sis in the OFF state, the valve enters a fully closed state.

That is to say, in the case of the fluid control valve of the present
invention, it is possible to change the valve from fully closed to fully
open at a high speed of approximately 0.01 second or less, and it is

possi ble to change the valve froma fully opened to a fully closed state
in approximately 0.005 seconds or less. In other words, in conparison with
convensiignall & ispiassbeeOFEl vtatet hshel ynlvonenbersapvEudlyt hdospdesent

i nvention maintains approximtely the same outer dinensions of the drive
unit wetRtPespect to height, width, and depth, but achieves an

appr oxi mat e enfold increase |n the oper ating speed of the val ve.
Accordingly&%ﬁg g FﬁeS@XPVéHSFFGCFﬁﬁé P g@oﬁgéﬁ eCRPEROLC VLR O6r claim

et no BeD kR Re AHRATRERr “BE P GERERAYRIFR, e MRS 5By 3348 EORYY
poss! g?é%%gs%tlgagleﬁ é;gg%rﬁg bign’ 88PanAT Y 3Be2h,8s 8s! spgkogamgtgﬁxy

(Enbodipment sd3kond or h%s%heaﬁﬁei%nﬁse Q@hﬂ@@ttotEﬁaﬁaéetﬂhlba@%econs'dered
in which a nmechanismfor regulating the gap G between the coil and the

nmenber faomS aprralil§edpened tohs FNOWY ichokedUkRate 8 hPproRsmeeedky the
cylindrical plunger 119, a shaft (SUS316)108 of a nonnagnetic nmaterial

f or med 0s @0&s skeconelsunirt degswi t Int beéheppeoresd dh vahperisdnl®@Qthi s

inserted, and by screwably engaging an affixing screw 118 which was

af f i xe¢onyenitd omgdecignpressure padngsr the @ilolw thetrol valve of the

26 present invention maintains approximately the same outer
dimensions of the drive unit with respect to height, width, and
depth, but achieves an approximately tenfold increase in the
operating speed of the valve.

Accordingly, using the valve structure in accordance with
claim 1 or claim 2 of the present invention, and by employing a
member al and a member a2 having a saturation magnetic flux
density of 2T (Teslas) or more, it is possibly to stably
control the response time at a level of a few milliseconds of a
gas at a pressure of 10 kg/cm® or less.

(Embodiment 3)

In the present embodiment, the case will be considered in
which a mechanism for regulating the gap G between the coil and
the member a is provided.

As shown in Figure 1, to the inside of the cylindrical
plunger 118, a shaft (SUS316)108 of a nonmagnetic material
formed so as to be unitary with the upper end of valve rod 109

is inserted, and by screwably engaging an affixing screw 118

which was affixed to the upper end of the plunger 119 with the
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screw part provided on the upper end of shaft 108, plunger 119 s
supported and affixed on shaft 108 in such a manner as to be capabl e of
upward and downward positional adjustnment. By means of such a structure, a
mechani smis provided for adjusting the gap G between the coil 102 and the
menber a 104. In other words, shaft 108 is urged in a downward
direction by spring 115 with a force F of approximately 17 kgf, and by

adj ust i BgTEMe Pambu pir ovfl deidglonerheg uppescead dE8shulie pbepgelungd? s 9noved
in the upward or downward direction, and by neans of this, the gap G

bet ween 1Sh&URBREELda D04 af#d xefe onowba £8nd08s dnf suehof menhet0as thebe
operatin roke G is adjusted to, for exanple, 0.4 mm Figure 7 is
apgraph gﬁahlﬁgoﬁhgpﬁé§él?§doﬂoyﬁwaF§v89§F§&PPéﬁ rAfystnentel aByomshng

bet ween _t.h ci_ti urrent and.the sugtion force in the drive unit of
Fi gure fE %Hgﬁ tht%Hl% UAfr gBpMechaniphe tggProvided) fogaaddusting them

Foure Lol neheRcE WA 88112008 4o causygLion fapce of 20 kof was

obt ai ne si ng an exci |ng currént of "a In the

present enmbodinMgRher! RS RISUNGRL f%UQBQOQSfQE €40t Ehgoghhggdugg%eg foRet to

approxi mately 20 kgf (when'the pl unger ope atlng St roke "was
appr oxi Byt ebyidgd 1M%) withOWe¥ekcel F b¥ Q%§§thﬁakelgp@WOEpkatSh& B9gu|ate

this by neans of the force F of spring nor e
pr esent adibsdimgnthevamoantodf1@Ygandningab éegewenesnadﬁeuBnhﬁEnb g t
odi nen

however, these may al so be formed so as to be separate

4) 119 is moved in the upward ¥ downward direction, and by means
of this, the gap G between the member a 104 and the lower end
surface of coil 102, the operating stroke G, is adjusted to,
for example, 0.4 mm.

Figure 7 is a graph showing the results of an
investigation into the relationship between the exciting
current and the suction force in the drive unit of Figure 1
when the initial gap G is altered.

It can be seen from Figure 7 that when G was set at 0.4
mm, a suction force of 20 kgf was obtained using an exciting
current of approximately 2.3A.

In the present embodiment, the plunger suction force of
the drive unit was set to approximately 20 kgf (when the
plunger operating stroke was set to approximately 0.4 mm);
however, it is possible to appropriately regulate this by means
of the force F of spring 115.

Furthermore, in the present embodiment, valve rod 109 and
shaft 108 were made unitary; however, these may also be formed
so as to be separate.

(Embodiment 4)
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the difference fromenbodinent 1 is that
menbers b, ¢, and d are disposed in the fluid control valve shown in
Figure 1. A magnetic material was used for nenber al which conprised an
iron cobalt systemalloy having a saturation nmagnetic flux density of 2.2
T (Teslas). The nmagnetic material which was enpl oyed for menbers b, c, and
d was the sane as that of nenber al. Furthernore, the dispositions of
menbers b, cInattiedpwesentorsbotiétiehn,t be a@mé@ahbenﬁrzéJﬂOMbbalméH'te 1.
Q her points were identical to those of enbodi ment 2. In Table 1,
resul t slofist kbareaembemendb,ot,t badvdl aee téspossd thnehendenieoadhti-ens
I dentical _.to those of enbodiment 2 are shown. However, the response tines
shown |ﬁa*HBIéhQWHréﬁrEQQﬁ?evélueé @ﬁanéandlmeuebyaalvadlugedefpmnse tinmes
obt ai ned en Uiln ch conbi nati on of nmenbers by response tinmes obtained
i n enbolFRRE & ewﬁpaﬁ. REMBRLFeReABel ran ephaﬂ-t WSt:@msag:loynhmnog Aember s

Nare SeHURIB RAGHRERL: Saps depditings L2 F (Teslas) . vemhet
i zed
Ti me
Absent
Absent
Absent

In the present enbodi nent,

t he

The

thganetic mateflal whlchbwas employgd for membars b,i%? ggge

was EHéeghme asA@ﬁgﬂtof megbe} al Furthe?ﬁé?g Present

Absent Pr esent
dispos@t9é4ns of4member5r5598t andpaeﬁgﬂé congﬁéﬁsatln thkesent
0.92 From Table 1, it can be seen that by appropriately disposing
menber bo@b&ﬁhtlﬁﬁsbehown(166Tab&§dlﬂenber d (107), which conprise
magnetic material identical to that of nenber al
28 Other points were identical to those of embodiment 2.

esent

In Table 1, the results of the measurement of the valve

response time under conditions identical to those of embodiment
2 are shown. However, the response times shown in Table 1
represent values standardized by dividing response times
obtained when using each combination of members by response
times obtained in embodiment 1 employing only member al (that
is to say,

in which members b, ¢, and d were not used).

Table 1
Member Member Name Standard-
combina- ized
tion Response
Time
al b c d
1 Present Absent Absent Absent 1
2 Present Present Absent Absent 0.97
3 Present Present Present Absent 0.94
4 Present Present Present Present 0.92

From Table 1, it can be seen that by appropriately
disposing member b (105), member c (106), and member d (107),

which comprise magnetic material identical to that of member al
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(104), around coil 102, the magnetic flux flowi ng out of one end of coi
102 is induced into other end of the coil via nenbers b, ¢, and d, so that
it is possible to effectively enploy the nmagnetic flux generated by coi
102. As a result, the force by which coil 102 pulls nenber al is
increased, and a fluid control valve having a shorter response tine is

obt ai ned. The results above refer to the tinme required to change the
st at e of(104¢ ,vaireantr cmiflhd 02, 0sbe shghettiia fhexopdvbednsgt ate; ofhewever, the
sane results were obtained for the tinme required to change the state of

t he val 8% PénrceRd d9ends dndueedoinke othesedndt afethe coill wikhe present
exanple, results were shown which enployed nenber al (using a nmagnetic
natgPiape@gﬁﬁ?iEPn&faﬁnﬂer-§8bébﬁt dfsténPaprable Rewedéectévedyi f nenber

2 i ti t. I i Si i - ni.ckel stemalloy) is
oot oyeate oV Rg, BanR i e el  SPReGRL SRR FRed LRS: SPAY AnFePESELL S to
th i h t di t re tai ned when nenbers b, .c¢, and d
coﬁgfiggght%ggégig§ng§g§ i%gggt%rlapuassngﬁg ?raﬁg 1s lncFﬁaFﬁg'p?BQeﬁt

i ; bl t dy.120.had, a_.
S G e T A T

t ube. rhebedisi@iRk above refkR Fpetﬁée§§ﬂé ?ggﬁg&ganio éﬁﬁﬁagmﬁpén

Figure 13, a fluid control valve w be di scuss In which the“coil "102,

whi ch i stapeovifdetlei napaealfireln whehctbseahathteceBpEhsespanBiusahiky of
coils disposed in series. The fluid control valve of Figure 13 has a

st ruct uhewenewhi themeaier sebplts aepdedobenenabl fdirsphaedimei tagaitke fl uid
control valve of Figure 1 (nenber conbination

29 to change the state of the valve from the opened state to the

closed state.

In the present example, results were shown which employed
member al (using a magnetic material comprising an iron-cobalt
system alloy):; however, even if member a2 (using a magnetic
material comprising an iron-nickel system alloy) is employed in
place of member al, it was confirmed that similar results to
those in the present embodiment were obtained when members b,
c, and d comprised the same magnetic material as member a2.

In the present embodiment, members b, ¢, and d and the
actuator body 120 had a cylindrical shape; however, these may
also have the shape of a square tube.

(Embodiment 5)

In the present embodiment, as shown in Figure 13, a fluid
control valve will be discussed in which the coil 102, which is
provided in parallel with the shaft, comprises a plurality of
coils disposed in series. The fluid control valve of Figure 13
has a structure in which members b, ¢, and d were all disposed

within the fluid control valve of Figure 1 (member combination
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4 of enbodinment 3), and all the other points were identical to those of
enbodi nent 3. In greater detail, the settings were such that the
outer dianeter of actuator body 120 was 28 mm while the inner dianeter
thereof was 23.6 nmjerr], and the height fromthe upper end surface of
actuator body 120 to the central axis of valve body 121 was approximtely
102 mm the distance fromthe upper end surface of nenber d 107 to the

| oner ehdf wemitamkimen mehberanda dlld (hehertreerc waients iveemeoti degitigalonhuct ed)
was 50.4 mm the nunber of turns of coil 102 was 940 T (at 0.3 nferr],
12. 6 [eihqse af ergjadimant ahd the outer dianeter of plunger 119 was 6 mm
while the outer dianeter of shaft 108 was 3 mMm Coil 102 is made

into two coils IRAF e At c e Setdofshatehian St dhatafdeauicah t hese
coils, nenber e.124 conpri sin magnetic materjal identical to that of
t he rrerfgiearmerge’\}\&f pﬁ'cb*i}fadieqr;‘}) body gl%s “éf"gsr &8, & fdS% dinner2 was made

. e . . . . : . 5 vas, mag
coi | 1oy, SRREE RS 10 [ ol BRE Sl ddel B o pul 1 ng
oo ! ! . f . ease f
I e R R T S e A
the driggy oree wdd!rdgirdlitat dy 102N, Oft Y Q4 A MEJTBIRA §yel Appdihe

pulling force, that i's to say, the drive force, was nade uniform
(Enbodigmhts®face of Inferider i esENtt el IGEr Y SRR Of adrgdd

supply and exhaust system constructed using the fluid control valve of
30 a 104 (when a current is not being conducted) was 50.4 mm, the
number of turns of coil 102 was 940 T (at 0.3 m¢, 12.6 Q, at
20°C) and the outer diameter of plunger 119 was 6 mm, while the
outer diameter of shaft 108 was 3 mm.
Coil 102 is made into two coils 102a and b which are
combined in series, and between these coils, a member e 124
comprising a magnetic material identical to that of the member
a was provided.
As a result, when the coil 102 was made into two coils
combined in series, in comparison with the case in which coil
102 was a single coil, it was possible to increase the force
pulling the member a 104 in the direction of the coil at a high
speed by means of the electrical field generated by the coil,
that is to say, to increase the drive force. Furthermore, by
means of providing member e 124, the pulling force, that is to
say, the drive force, was made uniform.
(Embodiment 6)
In the present embodiment, an example of a fluid supply

and exhaust system constructed using the fluid control valve of
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the present invention will be shown in Figure 3 and the effects thereof
w Il be explained. Figure 3 is a schematic diagramof a fluid supply
and exhaust system conprising a gas source, a flowrate regulator, and a
val ve, together with devices into which fluid flows from this system
Furthernore, in the case of the reduced pressure state wthin the device,
when the gas which is normally supplied from the gas source is replaced,
val ve Ehe gresinic|iosesht aord wiekdt bevadhoawrD iirs Kilcpged,3 andl then efffarscC i s
opened, and the valves are switched in the order B, A (because the gas
suppheﬁhﬁﬁ%ﬂﬁ wilel dos explained. at a hi gher pressure than the purged gas).
However, when valves in which the response speed is slow, such as

convent i onal Figyrerdskura seheratiqrd agiamn i 2 | Hge suprdguland ti es are
generate the operational time of the varlous val ves, so that phenonena
such as®™X ‘iﬂmpre’%"a{'t%ta gfh%%ss‘{% tehef ARy t@ W’sla&rq]%rr to

t he cIo of valves and D), .or, the adm xture ,of fluid ur as or a
gas sour cga ga) V?’vme?"??Eﬂe ‘%% FhFPSHEL ot ‘g} %lf r@é@’ Bis
reversed); s s QGRUT . Furthernnre when the type of gas source gas is

changed, 5| m1ar phenomena may occur. In systens enpl oyi ng

conventi onal paHhFRSEA 6id iife MY ESE ik U cé&\ge@;
probl ens, the length of the 1Instrunmentation tu S approprlately

al t er edyi teHith 4108 eddvicd hevHdiec Hee i At 1pfid %ﬂn{arlqguls’:upﬁlleéd ifrdrne

operating tine of each valve was conduct ed. On the other hand, when
such a tdystegas i soused | vedreslawed t healdaliRl iotimdt wallossd,i rhrich&ld}ftﬁsent
i nvention, gas 31

valve D is closed, and then valve C is opened, and the wvalves
are switched in the order B, A (because the gas supplied from
the gas source is at a higher pressure than the purged gas).
However, when valves in which the response speed is slow, such
as conventional air pressure valves, are employed, large
irregularities are generated in the operational time of the
various valves, so that phenomena such as the admixture of
exhaust gases (when the valve C opens prior to the closing of
valves E and D) or the admixture of fluid (a purge gas or a gas
source gas) (when the opening and closing order of valves A and
B 1s reversed), may occur. Furthermore, when the type of gas
source gas is changed, similar phenomena may occur.

In systems employing conventional air pressure type
valves, in order to overcome these problems, the length of the
instrumentation tubes was appropriately altered, and thereby,
the time regulation of the irregularities in the operating time
of each valve was conducted.

On the other hand, when such a syetem is realized using

the fluid control valves in the present invention, gas
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switching with a rapid response tine of a fewm|lliseconds is possible
using the fluid control valves of the present invention, so that it is
possi ble to overcone the problens such as counter flow and counter

di spersion which are generated by the conventional system and the

i nstrunmentation systemwhich was conventionally required was unnecessary,
so that the volunme taken up by the existing gas system can be greatly
reducedswitching Enitddiarerapiy responden ttime prieserftewemiiddiimeondssiieg Fi gure
10, a fluid supply and exhaust system produced using the fluid control
val ve dfosiieleresiang the/ehluich cantirae wdpied mdfd tihe muasent detail .

The fluid supply and exhaust sten1|s structured in such a nmanner that

t he corﬂtr}‘%ﬁn‘g’f ‘%/'h p’%f'ﬁ‘hglfa AR} BER OVFﬂIIFr%‘}ei thP] MRBARE™S, such

2."823?'%aﬁ'l%(ﬁti@%oﬁce%ly%n%{’ﬁ%{e°é a' vl S e SRS GL%@EL. ot is
CondUCt% éﬁ@em nafoﬁé@éma con%lm'l éhea%lprovsfsi% S prOV| ded

vi cinity of apparat u

with a monwlc&la?ﬁy arﬁuyé& m tur?r?ecég% Unid spfa d%gé;v& &

communi cation port 29, and e necessary, openlng ctors 31 may

be provilesh aip %hu{é U gh SOTHG QJad/alpcen can HIIIGASIHDY Geddi@edont rol

conmput er 24 and e unit control apparatus 25 are connected via a
dedi cat ed pr(Emeedidsntreans of a central comuni cation system and
operational signal Sis provided with respect to each fluid control valve
via comunibattile present3embodiment, using Figure 10, a fluid 3upply
and exhaust system produced using the fluid control valve of
the present invention will be explained in further detail.
The fluid supply and exhaust system is structured in such
a manner that the control of the opening and closing of a
plurality (maximally approximately 20) of fluid control valves
by means of an operational signal S from a control computer 24
provided at a central control point is conducted via a unit
control apparatus 25 which is provided in the vicinity of the
valves.
The unit control apparatus 25 is provided with a power
source 26, a control unit 27, drive units 28a-28n, and a
communication port 29, and where necessary, valve opening
detectors 31 may be provided at each fluid control valve.
Furthermore, the control computer 24 and the unit control
apparatus 25 are connected via a dedicated protocol by means of
a central communication system, and operational signal S is

provided with respect to each fluid control valve via

communication lines 30.
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In other words, when operational signal Sis inputted into wunit control
apparatus 25 through communication line 30, drive wunits 28a - 28n are
operated via control unit 27, and the excitation current of each fluid
control valve is set to an ON or OFF state. Furt hernore, where
necessary, a signal P indicating the operational state of each fluid
control valve is inputted from the opening and cl osing detectors 31 of
each fluid cbntobhervabyrds} nkbenoopepbtiionsl 29igant $his ispsevedbankot o
control conmputer 24. In control unit 27 of unit control apparatus
25, theunatjgenheal spperatusf2bxthronghcormeunicathon theesd®: duhvéng
control of diaphragm 111 during the closing of the valve, are conducted,
wher e ndBé5§aR§a - 28n pEeopReFratefdeiat GRNBEPYeunhtt 47 of aRACKhE| i d
control valve, may be ragldly oper at ed under a_hi gh suction force, so that
a Iargee§§&FFFﬁancﬁPF§ﬁP IOFSG?QEuf%%Hd afoRRECL nVR1%ei bR S8F B%e?%t
However, _a ap, G becones snmaller with the opening of the valve, in order
to redul® @ﬁg %585§$ary exciting current | and prevent power consunption

and the over beathngngle CBhbr10fecklshsydesi Labhes ! bal hie.pYaLtLng current

be steadily uced e openlng her nor e,
d'aphragﬁb%é%lehSES%Ea&@“@&dehﬂﬁ %&9§d050n¥§biev§§@é lézlﬁﬁuBtSB gpsRd I N

such a manner as to create a shock as a result of the elastic forces of
spring £45 WBeAinEX&hHi BUCEYREERbtbcRbrs0Bh 468208Bhetsuan Ebhtebate, SO

that this leads to the production of inpact noise, or to damage to
di aphr agal¥éliatovabverse@auinlt227, and this is sent back to contrd3
computer 24.

In control unit 27 of unit control apparatus 25, the
adjustment control of exciting current I, and the soft landing
control of diaphragm 111 during the closing of the wvalve, are
conducted, where necessary.

In other words, the drive units of each fluid control
valve may be rapidly operated under a high suction force, so
that a large exciting current I is required at the initiation
of operations. However, as gap G becomes smaller with the
opening of the valve, in order to reduce the necessary exciting
current I and prevent power consumption and the overheating of
coil 102, it is desirable that the exciting current be steadily
reduced after the opening of the valve.

Furthermore, diaphragm 111 presses toward the side of
valve seat 112 at high speed in such a manner as to create a
shock as a result of the elastic forces of spring 115 when
exciting current I of coil 102 enters an OFF state, so that
this leads to the production of impact noise, or to damage to

diaphragm 111 or valve seat 112.
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For th

oper at

is reason, as shown in Figure 11, control unit 27 sets the exciting
current | to a maxi mumvalue during the startup of the val ve opening

ion (approximtely 10 nsec), and after the opening of the valve,

reduces this to an elastic current |I generating a suction force just
ient to resist the elastic force of spring 115. As a result,
t he power consunption in the drive units of each fluid control valve is
reduced, andfelanglybs toeasencore dwn rigsuligune f¥lom overteEatumigt i 37
prevent ed. If, for exanple, the upper limt of the tenperature is set
to 30[ e??Y T thpepxQbeing heurrert durtag@ keinumevaskite ctring thetially
conducted (the state of the maxi pumexciting current), is 0.1 seconds,

suffic

it is

bpont IR SE VB SRen i of D PRLRY) TR

in te
peri od
m ni nu

Furt he
Fi gure

downwar destil ethg ofiromr ovespea bing 16s | sreechiced,

speed

not2 PR BF et ¥Rt Ve HPFRYA LT HpEMR nPRIIPEIRE Sy pet i T072C lof
val ves at | ess oxinaH£I

t hen
t he

seconds dif the

3.
‘i:%er%st SR AN AT TS ease

O cibete SRR F008iE e foree JGEMMER ol ST e

current”rs se secon snown I n

M KEPERL PP PREOL NYs L gl @S{ g, period when the upper limt of the
tenperature is set at 30[err can be reduced by approximately 1.5 tines.

rmore, a8Sat RessDE] RO dbSEe £08bH hmof i &b aDAT @GN delive Asn SHOWE i N

11, after exciting current | has been set to the off state, control
unit 27eseiseiuidecontibdoTt vahvefisuredindted f aind &dmdde ped | itk ofote NEOAf t er
the passage of t nsec. By neans of this, the conpressive force in the
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If, for example, the upper limit of the temperature is set

to 30°C, then when the time during which the current is
initially conducted (the state of the maximum exciting current)
is 0.1 seconds, then it is not possible to set the repeated
opening and closing periods of the fluid control valves at less
than approximately 3.6 seconds, and if the opening and closing
periods are set to 3.6 seconds or less, the increase in
temperature will exceed 30°C.

In contrast, if the initial period of current is set to
0.01 seconds as shown in Figure 11, then the minimum repeating
opening and closing period when the upper limit of the
temperature is set at 30°C can be reduced by approximately 1.5
times.

Furthermore, as the soft landing control of diaphragm 11,
as shown in Figure 11, after exciting current I has been set to
the off state, control unit 27 causes the conduction of current
for a short period of time after the passage of t msec. By
means of this, the compressive force in the downward direction

from spring 115 is reduced, and since the valve closing speed

34

and since the valve closing



i s reduced, the shock of the inpact of diaphragm 111 with respect to valve
seat 112 can be prevented. The timng of the reanplification of
exciting current | in Figure 11 may be by neans of a nethod in which the
time t from the point at which the operating signal S enters an OFF state
to the initiation of the current (see Figure 11) is set in advance;
however, in addition to this, a nmethod in which a so- called trigger

si gnal ﬂ§rrﬁéu§@dd|ﬁ@eth@ocﬁrpénthes1mpaatned byapheags ofi1t hethperati on of
a switch mechanismor a potentiosensor provided at the fluid control valve
si de. resPeFGrFﬁeWﬁ&W@ sgatt Bd2sepn benpreyentatrol , a method may ?e

enpl oyed in i ch, a si.cal control nethod is enployed in place o
eFEct?ical gﬂ? °£x§ | €eapRéifdGaEipanef §§§i§ln9fca§raatoﬁ body

20 il d f f d, nmterial, and a so-called
éanpgﬁyngae% eéﬁ may Eg g epgﬁgégb S%LP@EbOQUFPthEHB BBBehLmEf tvAKGR rod

h h t
depi ct ed 1 PPRg mde Sion P CERGHFENY, SiABLagr SPbSenrat AFFz8LRRE dri ve
ni £ ok ot Rae! ki 1262Bh' g (alvBherkheTaCEs R XuLg fofue LbE paneL©

resistance of the part of gap G correspon ve s For

thi s reasioanca;mabhederny iheaadoptied B whish a HEEH@&'Enf%Hth Lssplaced
within gap Gin freely chargeable and di schaf geabl manner, and durlng t he

att achnensfllepetatiggerobigratefos t@4senamﬁgﬁﬁﬁéebugréhﬂlstbgﬂélﬁéémﬁ§d
fromwithin gap G so as not to present an obstacle to the novenent Of
menber ®eapns. oBythgeaperetibhi of at sivdtphsmebhantiemachi gve an approxi mately
10 - potentiosensor provided at the %iuid control valve side.
Furthermore, as the soft landing control, a method may be
employed in which a physical control method is employed in
place of electrical control; for example, the lower inner space
of actuator body 120 may be filled with a gel-form semifluid
material, and a so-called dampening effect may be exercised
thereby during the decent of valve rod 109 during the closing
of the wvalve.
Furthermore, although not depicted in the mode shown in
Figure 1, in order to miniaturize the drive units of the fluid
control valves, it necessary to reduce the magnetic resistance
of the part of gap G corresponding to the valve stroke. For
this reason, a method may be adopted in which a magnetic fluid
is placed within gap G in freely chargeable and dischargeable
manner, and during the attachment operation of member a 104,
the magnetic fluid flows outward from within gap G, so as not

to present an obstacle to the movement of member a 104. By

means of this, it is possible to achieve an approximately 10 -
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20% reduction in volune of the drive unit of the fluid control

va

lve in

Figure 1. Furthernore, in the fluid control valve of Figure 1, there
is a possibility that inpact noise will be produced by the inpact of
menber a 104 into the end surface of nenber b 105 or nenber c 106 during

t he val ve opening operation. For this reason, a sheet conprisin

g

tetrafl uoroethylene resin having a thickness of approximately 0.05 nm was
i nsert e@0&t redacéidn dor vademeobfmthieedraveéOdnandofiether fhuiB5contmeiber c

106, and the[eb¥1 it was confirmed that the inpact noise could

wi t hout VR&Vendra

be expected if e resin filmconprises a
Egﬁé

ound ot her than
tetrafl uor oetHy

be

il : [ o L i ke. . Furth e, in.th t di
hi ckned® 31 PPRRIPLLE L, R i liReCEC 1ot 8ol dx PROPEDG U6 PRo

this —UhingliesshidBe AAPH8A" 4 ake! ¥rachnln sAsardance, ui .t ge

the val ve stroke. _ i gure shows "anot'her “exanpl e“or a

rod N ndGeRidenae el itie thkesalel BYRRLRANpERLE1bh. 2 BELTRR]
I h | ul | “valv OP

type val ve. n the contro rgure 12, the's

P
Ra

r educed

igbge df-fect on the suction force F. Simlar effects can

conp .
mMog&irn 18y chead lufgy copkippl #alvei PEuBAgEERyLlenEheEsi n,

t, the

wever,

ze of
&&nt r ol
open

ft 108 is

const antrepsbhged isheat WowWprdsdngeebiea riviospeithg1dia, rakdn dhaphyagm 111
is separated fromvalve seat 112, and fluid constantly flows fromfluid

i nput pdhtickb@sst off lapptosimatielypor.051ikh (hbe inkateednavhicab tha val ve is
opened) . On the other hand, when coil 102 is excited, the shaft 108
and pl usgefates wii clembeirece 10d mpdbmembetiOl 406 pushenbem a 106, and
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thereby, it was confirmed that the impact noise could be

reduced without having a large effect on the suction force F.

Similar effects can be expected if the resin film comprises a

compound other than tetrafluoroethylene resin such as, for

example, trifluoroethylene resin, silicon resin, or the like.

Furthermore, in the present embodiment, the thickness of this

resin film was set to approximately 0.05 mm; however, thi

S

thickness may be appropriately set in accordance with the size

of the valve stroke.

Figure 12 shows another example of a fluid control rod in

accordance with the present invention; this is a normally open

type valve.

In the fluid control valve of Figure 12, the shaft 108 is

constantly urged in an upward direction by spring 115, and

diaphragm 111 is separated from valve seat 112, and fluid

constantly flows from fluid input port 113, to fluid output

port 114 (the state in which the valve is opened).

On the other hand, when coil 102 is excited, the shaft 108

and plunger 119 which adhere to member a 104 are pushed in a
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downward direction and di aphragm 111 cones into contact with valve seat
112 and thereby, the flow of fluid fromfluid input port 113 to fluid
output port 114 is stopped (the state in which the valve is closed).

The structure of the fluid control valve of Figure 12 is conpletely
identical to that in the case of Figure 1. Fi gure 14 shows anot her
exanple of a fluid control valve in accordance with the present invention;
a bel | odgwiward ndi a¢tetonr an ddideh vadw el hbl cenes Thetotdmrt ol ntstlar e
conpletely identical to that of the structure of the fluid control valve
Shown i YAET@useat 112 andpiherewl | #he Bloel 5Bl aiduFePR HELWHE vinpiet der, a
fluid control_valve_is obtained which has superior durability in the

openi ngPahb t1dstRgt bRidneutarteport Thtiuks r3EePRed [E®istale 1n s
describeg.aﬁove b% means o{ thg present invention, a fluid control valve
and 1 W Slphty Bl ExhauStot§ emare obtained in which it is possible
to stably c o] i p. r P, i ly. 10 rr], in
whi ch the varbe StEuphEES §F ne CERIRY SoRer SENRIITO i T
the mababietZdli P8-RLiLAE V8! VRt SiROSHL DLLse 0E kb ) there is
little gé@ﬁcoun?%r ??om}mﬂen t he %onétructions?nvolvg% a plurality of
val ves. Figure 14 shows another example of a3fluid control valve

in accordance with the present invention; a bellows is

installed around the valve holder. The other points are

completely identical to that of the structure of the fluid

control valve shown in Figure 1.

By installing a bellows around the valve holder, a fluid

control valve is obtained which has superior durability in the

opening and closing of the valve.

Industrial Applicability

As described above, by means of the present invention, a
fluid control valve and fluid supply and exhaust system are
obtained in which it is possible to stably control a fluid at a
pressure of approximately 10 kg/cm?, in which the valve
response time is rapid, at a few milliseconds, in which the
miniaturization of the valve is possible, and in which there is
little gas counter flow when the construction involves a

plurality of wvalves.
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CLAI M5 1. Afluid control valve which controls a fluid noving through a
val ve body by neans of opening and closing a portion between a valve seat
and a val ve hol der using a drive unit, wherein: said drive unit
conprises a rod shaped shaft for applying pressure via said valve seat and
a valve rod, and a nenber a which is affixed around said rod shaped shaft,
said nenber a conprises a nagnetic material, and a coil having a
space between it and the shaft and gumamMsled at a position parallel to said
shaft noves said nmenber a upwardly and downwardly by el ectromagnetic
induction, and wusing the force of a spring, as well, the portion between
sai d valve seat and said valve hol der is opened and cl osed. 2. Afluid
cont rol LvafvélradacentdahcEahvenwbighnrentipéseanflaafionouing hbrdugh
conpri ses_a.di aphragm and a di aphragm hol der. 3. Afluid control valve
in accoFdXﬁ&gemBPﬂyoE% QﬁaBFaP%EOEe ABY 2ndyRePEiRTAaLBPFEHRN| BEENEERI | ed

d | hol d l.ui d t | d th
one of & krke®: ¥8aT 8l 2svatke: BPheEh: uSTBHLE: dé’i‘x%ﬁgb?giﬁﬁﬁéﬁégﬁ& e
t | { t
Tagnet ¢ dendriy oF serepiEoponbesatl 3V SbATbAubRY, BRI R b T0E"
accor dagegswui-8 QHS ghigl #T%elsechlr QHENa3vatber 8b4, SQhQ Jefbfbed GOMPrises

a magnetic materi al
which is affixed around said rod shaped shaft,
said member a comprises a magnetic material, and
a coil having a space between it and the shaft and
provided at a position parallel to said shaft moves said member
a upwardly and downwardly by electromagnetic induction, and

using the force of a spring, as well, the portion between said

valve seat and said valve holder is opened and closed.

2. A fluid control valve in accordance with claim 1, wherein

said valve holder comprises a diaphragm and a diaphragm holder.

3. A fluid control valve in accordance with one of claims 1 and

2, wherein a bellows is installed around said walve holder.

4. A fluid control valve in accordance with one of claims 1
through 3, wherein said member a comprises a magnetic material
comprising an iron - cobalt system alloy having a saturation

magnetic density of 2 T (Teslas) or more.

5. A fluid control valve in accordance with one of claims 1

through 3, wherein said member a comprises a magnetic material

R AT D
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conprising an iron - nickel systemalloy having a saturation nagnetic
density of 2 T (Teslas) or nore. 6. Afluid control valve in accordance
with one of claims 1 through 5, wherein a nmeans is provided for adjusting
a gap G between said core and said nenber a. 7. Afluid control valve
in accordance with one of clainms 1 through 6, wherein a nmenber b
conprising a magnetic material identical to that of said nenber a is
provi déxPmRT iFHing gdp 11t wedri akaild syisdfem @dd oyaibdivdeid a2 sat@iragifdrui d
control valve in_ accordance with one of clains 1 through 6, wherein a
menber REEEHIG S5 vitned it MgeEl ©F MOfS-cal to that of said menber a
is provided at a position in opposition to nenber b and sandw ching said
coil. 9. Afluid control valve in accordance with one of clains 1

thr oughy 5 » WAGHE b htTIPSfared AP 'd RIJKA IPYNGH ST Iy s pddant i cal to

that of sai er a’is provid a posi Oppos menber a

" al d ; > A tiul L q i th
and sandyd Giis S l’%oraég'hrl an anl i ééfl‘ﬂaﬂggel%rtfoql a?é?g&%é{n@a%g £ gnce Wt

one of clainms 1t erein prov tion in
par al | detWeersad £ Shdde EHPIdSQP endldy @ity of coils arranged in series.

39
7. A fluid control valve in accordance with one of claims 1
through 6, wherein a member b comprising a magnetic material
identical to that of said member a is provided in said gap

between said shaft and said coil.

8. A fluid control valve in accordance with one of claims 1
through 6, wherein a member ¢ comprising a magnetic material
identical to that of said member a is provided at a position in

opposition to member b and sandwiching said coil.

9. A fluid control valve in accordance with one of claims 1
through 6, wherein a member d comprising a magnetic material
identical to that of said member a is provided at a position in

opposition to member a and sandwiching said coil.

10. A fluid control valve in accordance with one of claims 1
through 6, wherein said coil provided at a position in parallel
to said shaft comprises a plurality of coils arranged in

series.
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11. A fluid control valve in accordance with one of clains 1 through 6,
wherein nmenbers e conprising a magnetic material identical to that of said
menber a are provided between said plurality of coils arranged in series.
12. A fluid control valve in accordance with one of clains 1 through 6,
wherein said magnetic material contains vanadiumin an anount of 5 percent
by wei ght or | ess. 13. Afluid control valve in accordance with one of
clai ms 41 - thriduyit eonfrealeivaldre eiciadanydanaemntitdumsld edf tadagiaisd Icoil is
supplied in a divided manner as a large initial drive current up to the
poi nt JfRRHIE YpetisiEinmmenbesmie sAbfisHat e magnatic matewiak ai ni ng

t he opened .state ,of the valve after the valve is opeped. 14. Afluid
cont rollqseé}tvlecaf% L dd n& A% B acl%ﬁwrfv%cfﬁ'cggﬁr?“@e%?@rleq n, after
sai d exgi flng: . qur pl . 0, Ssaid coil is cut off, an exciting
currenﬁ&llLis]}agp(;lstf}%pcf]‘ie(r;éaoJtslt)%ps‘g'a]%rgaqq eoollllqE or-a Bt ef period after a passage of a
short tinme t. 15. A fluid control valve in accordance with one of clains
1 through 6, wherein a nagnetic fluid fills gaps G between said coil and

sai d nenbera af A Sebitk FENBAI1 Ve A/ e SRILhdE WA ©nd B JIB8lY 1
char geabl e and di schar geabl e manner. 16. A fluid control valve In

accor darteowdt h6 onehedfe ol addted Inadrwtoiig inft e MLl ichtd irRS ivarfddihami ng a
pr edet er mi ned 40
an amount of 5 percent by weight or less.

13. A fluid control valve in accordance with one of claims 1
through 6, wherein an exciting current supplied to said coil is
supplied in a divided manner as a large initial drive current
up to the point of valve opening, and a small maintenance
current for maintaining the opened state of the valve after the

valve is opened.

14. A fluid control valve in accordance with one of claims 1
through 6, wherein, after said exciting current supplied to
said coil is cut off, an exciting current is resupplied to said

coil for a brief period after a passage of a short time t.

15. A fluid control valve in accordance with one of claims 1
through 6, wherein a magnetic fluid fills gaps G between said
coil and said member a and said member b and/or said member c

in a freely chargeable and dischargeable manner.

16. A fluid control valve in accordance with one of claims 1

through 6, wherein a resin film having a predetermined

g



t hi ckness is interposed between said nenber a, and said nenber b and/or

sai d nenber c. 17. A fluid control and exhaust system wherein the
structure enploys fluid control valves in accordance with one of clains 1
t hrough 16. 18. A fluid control and exhaust systemin accordance with

claim 17, wherein the structure conprises said fluid control valves, a
unit control apparatus which is provided with a power source, a control
unit, apkickpessalstintérposed betwesn aszihtmeriberoparet sdiid méngogrr ovi ded
at a renote central control point, and comunication |ines which connect
sai d cont?Rf/ebnpri@rmeer s@i d unit control apparatus, and operation of
each fluid control valve is controlled by nmeans of an operational signal S
fromsaid control conputer. 19. A fluid supply and exhaust systemin

d i |, ai 18, wh i i d ¢l osi
P ovi ol T o ERRE “SEMETPY P CORR Ol VY Te et T e et it e e Bsi ng
t at ) . . . 3
and o oSELoHe LE BT PG, Np e d A SO QSO T od B Ml ymPEY T
P. through 16.

18. A fluid control and exhaust system in accordance with claim
17, wherein the structure comprises said fluid control valves,
a unit control apparatus which is provided with a'power source,
a control unit, and a plurality of drive units, a control
computer which is provided at a remote central control point,
and communication lines which connect said control computer and
said unit control apparatus, and operation of each fluid
control valve is controlled by means of an operational signal S

from said control computer.

19. A fluid supply and exhaust system in accordance with claim
18, wherein opening and closing detectors are proVided for each
said fluid control valve, and the opening and closing state
thereof is communicated to said control computer from said
opening and closing detectors via said unit control apparatus

by means of a signal P.
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