NORMALLY OPEN TYPE PI EZCELECTRI C ELEMENT DRI VEN METAL
DI APHRAGM CONTROL VALVE Field of the Invention The
present invention relates to inprovenents in a
normal |y open type piezoelectric elenent driven netal
di aphragm control valve to be used mainly as a
control valve for a pressure type flow rate contro
apparatus or as a control valve for a flowrate
control part of a mass flow controller that is
provided with a gas contr ol Iine for seniconductor
manuf act uri ng faci
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gaseohtrbbline foredemicopductodmameifactueng Mclities, and the like. More
~ piezoelectric elenment driven actuators having the 1
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rate control apparatuses.
stable flow rate control can be achieved even under high temperature

conditions in which high temperature reaction gases, and the like, are used.

Technical Backaground

In recent years, with respect to semiconductor manufacturing facilities,
chemical products manufacturing facilities, and the like, pressure type flow rate
control apparatuses have been widely utilized to replace mass flow rate
controllers. With respect to the pressure type flow rate control apparatuses, a
so-called “metal diaphragm control valve” has been employed with increasing
frequency due to its many advantages, such as high corrosion resistance, a low
dust producing nature, excellent gas displacement property, fast open/close

velocity, and the like. Also, piezoelectric element driven actuators having the



Conventional ly known netal diaphragm control val ves
enpl oying a piezoelectric elenent driven actuator

i ncl ude ones provided with the structure disclosed in
Japanese Unexam ned Patent Application No.7-310842
(Patent Docunment 1) and Japanese Unexam ned Patent
Appl i cation No.2004-197754 (Patent Docunent 2), and
the |ike. Mre specifically, a control val ve (not

trated) as osed cune IS
chatarlisfics pbh St BEMnBofobe Vaxialert theRohtvdy ' End contro
di aphragmis thrust to the vaIve seat side throu %
Chﬁiﬁcﬁﬁﬂg'ﬁsd?a\f&nb%%é"ﬂ delydésed agithe agiuator fejgpressure type flow
di aphragm presser. The di aphragm presser is a
r@tem@ogappar@tumaarrent that is elongated with the
application of voltage, thus making the netal
di aphr @gnvémtiortallg kredwre metal diaphaagtno cortrolnvalves adraplolying a
closing, and the length of the el ongated

pRize2Rites bldrest @iRIN attiaforiintiubeoried ploviddd dithahe structure
I ength when voltage applied to the metal diaphragmis
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ont r ol ns to a state of being open
(%é‘%% H'@nt B‘ﬁragm departs from t he val ve
seat . Wth respect to the control valve

gener aMorg $RAGCAY, BheonkPk ¥glMee £peY 5'“§F@F%Ht as gdisclosed in
transmtted to the netal diaphragmthrough the

PatentaDooument thés antdemaliydepesstypet ¢rntiall valee avharein a metal
di aphragm presser. In this way, the generating force
defpHrbgmpis dhnest do tthe wablecseatt sids thrdght metiatioppdfi ad under-side
directly to the seat part (conprising a valve seat and

r@stpﬁbbll%ﬂd@ﬁbﬁﬁﬁég‘rﬁ Yedder. t The ThrahnpreBséd is a piezoelectric
di aphragm due to el ongat| on of the prezoelectric
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diaphragm touch a valve seat so as to be in a state of closing, and the length of
the elongated piezoelectric element then returns to its original length when
voltage applied to the metal diaphragm is switched off thereby causing the
thrust applied to the metal diaphragm to clear off. In this way, the metal
diaphragm gets back to its original state with the aid of its elastic force; thus, the
normally open type control valve returns to a state of being open because the
metal diaphragm departs from the valve seat.

With respect to the control valve, the generating force of the
piezoelectric element is transmitted to the metal diaphragm through the

mediation of the under-side rest, the ball and the diaphragm presser. In this

way, the generating force of the piezoelectric element is made to be applied



the seat part of the control valve depends only on the
generating force of the piezoelectric elenent. This
configuration nmakes adjustment difficult, and al so
causes di sadvantages in that the netal diaphragm the
val ve seat, and the like, mght be damaged because a
| arge generating force generated by the piezoelectric
elenent is applied to the seat part. On the other

ha a,control valve (not illustrated), such as i . .
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elastic force provided by the return elastic body so
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becomes elongated with the application of voltage, which places the control
valve in the state of being closed (i.e., closed state) as the metal diaphragm of
the control valve is thrust and contacts with a valve seat side through mediation
of a valve shaft and a diaphragm presser. On the other hand, once the
piezoelectric element is in a state of elongation (i.e., the closed state), it returns
to its original length, and the displacement lengthening mechanism thus returns
to its original state by means of a return elastic body provided thereon. In this
way, the thrust force applied to the metal diaphragm is cleared off (i.e., ceases)
and the metal diaphragm returns to its original state with the aid of an elastic

force provided by the return elastic body so that the control valve moves to the

state of being open (i.e., the open state)} by means of the diaphragm departing



pi ezoel ectric el ement when the displ acenent

| engt heni ng nmechanismtransnmts the generating force

provi ded by the piezoelectric elenent to the netal

di aphragm Then, once the netal di aphragm nmakes

contact with the valve seat, the elastic body, which

exerts a constant pressure, absorbs el ongation of the

pi ezoel ectric elenment. In this way, a repulsion force

is applied to the seat part in a manner correspondi ng
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constant pressure elastic body. As a result, the force
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the repul sion force of the constant pressure elastic
elastly bodii (arshaickoatssarbiag metrédal dipsipp) thah absontek elongatiantof the

with the valve seat while absorbing shock. This

piezeglentric ¢/lbmentwbencttharlisplgcensdt kkhgtharinge meshahishi transmits
bei ng damaged wi t hout the piezoelectric el enment having
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approxi mately 5N, then the ratio of generating force
paid injiasmansermsatresearding de the dorsecofotbecdisplasemeniigngth of the
becomes 5/0.333 = 15 Nu m On the other hand, in the
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large generating force to the metal diaphragm and the valve seat.

Now, with respect to a control valve that is not provided with a shock
absorbing conical spring, for example, the following observation is made. In
the case when a displacement length per 1V of applied voltage of the
piezoelectric element is 0.333 » m and the generating force per 1V of applied
voltage of the piezoelectric element is approximately 5N, then the ratio of
generating force to displacement length of the piezoelectric element becomes
5/0.333 = 15 N/um. On the other hand, in the case when the control valve is
provided with a shock absorbing conical spring, the ratio of generating force to

displacement length of the conical spring becomes approximately 0.267 N/um



control valve not provided with a shock absor bi ng
conical spring. As aresult of this difference,
damage to the netal diaphragmand to the val ve seat
can be prevented by using a control valve provided
with a conical spring. Figure 6 is a graphic plot of
the relationship between the load to a seat part of a
control valve and the voltage applied to the
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achieve. It should be especially noted that a control
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such as 100°C or higher, it is observed that due to thermal expansion of the
supporting cylinder-shaped actuator box there is formed a clearance space
between the upper end part of the piezoelectric element and an adjustment cap
nut screw-fixed to the upper end part of the supporting cylindrical body of the
control valve. This clearance space makes it difficult for the generating force
to be transmitted surely and smoothly to the metal diaphragm at the time when
the piezoelectric element is elongated, thus making accurate flow rate control
impossible or difficult to achieve. It should be especially noted that a control
valve's flow rate characteristics are immensely affected by even small thermal

expansion of members (e.g., the supporting cylindrical body, and the like) that



has occurred due to the thermal expansion of the
supporting cylindrical body), it 1is preferred that
the control valve is structured so that a conpressive
force of 200N or so can be applied to the

pi ezoel ectric element fromthe outside (i.e.,

external ly). However, such a control valve has not yet
been devel oped to this date. In accordance with a

contro ve i.n anes m_ned
afks GPeareBls S e BanFeh e SRRUSE T giRgaRent IEHGH of the
Docunrent 2) and . a control valve disclosed in Japanese
p@ﬁeﬁmrﬁé@emﬁ"@r‘ﬁ veRyimalht i on Publication No. 2-203087
(Patent Docunent 3), a returning elastic body and a
| oad sfo selye sughea preblertiascitatesdabavsnihalris, wherein aglearance
that the returning elastic body and the |oad spring
hasrptoyreed dyetid dsethsvmtal ekpardior of theesupgpdrtifg cylindrical body), it
returning nenbers (i.e., a displacement |engthening
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position. Also, the returning elastic body and the
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val ve. Therefore, 1n vent that a returning

ST BB BE SR £ LAl WAL 08, Bl g o i

dcontrol val ve needs to be upsized. Al so, another
#€sadvantage with a control val ve provided with a

returnlng el astic body and a |oad spring inside the
val ve Indqcpedanae with a@mrpéuawﬁairsqlwdcwrﬂmn%mUreexam'ned
needs to be dismantled in order to replace the
PatanirAppligadipasfukliostion Ne.2004-19aH4s (rategt Daguneenta?k and a
stored inside the control valve wi th another
comtpdl aabrecdisclosed imapanesealdhexarhimgy BatehbAppligationgPuldication
to adjust the elasticity of the returning elastic 6

NblZ02087 PRgtehiPDotdimett el refiniiife B8 Ho8tArd g I84d spring
the control valve are very tinme-consum ng. [Patent
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the load spring employed by these control valves are both for returning
members (i.e., a displacement lengthening mechanism and a valve shait) to the
original position. Also, the returning elastic body and the load spring are both
installed inside the control valve. Therefore, in the event that a returning
elastic body and a load spring having a large elastic force are employed, it
becomes inevitable that the control valve needs to be upsized. Also, ancther
disadvantage with a control valve provided with a returning elastic body and a
load spring inside the valve is that it is required that the control valve needs to
be dismantled in order to replace the returning elastic body or the load spring,
which are stored inside the control valve with another replacement returning

elastic body or load spring, or to adjust the elasticity of the returning elastic



[ Pat ent Docunent 2] Japanese Unexam ned Patent
Application No.2004-197754. [Patent Docunent 3]
Japanese Unexam ned Patent Application No.2-203087.
Ooj ects of the Invention In view of the foregoing

di sadvantages, it is an object of the present
invention to provide a normally open type

pi ezoel ectric elenment driven netal diaphragm contr ol

val ve,, whi ch even under. hi gh tenperature ndi tipn
g &8 load Spgag pAsSpDIENAEdSERRRRPING of dhi conffgiwalve are
rate control, and is constructed so that the
VeRNeLONSEMInG.ce applied to the piezoel ectric el enent
can be sinply and easily adjusted w thout having to
[RateninDoeumnist thiapasiesedlnaxanbined IRstentApplication No.7-310842.
Invention In order to achi eve the aforenenti oned
[Fatest Doturnbat RY &spmmeserV¥menamined Ratenfodssiication
invention, as clained in aiml, is characterized by
NeOPOU4-307Es4 a2 body with a val ve seat on the bottom
face of a val ve chanber having an open upper end, a
. . . . . ! : i
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of the netal diaphragmis hernetically sealed in the
val ve chanber, and is making contact with the val ve
jeat d?ﬁ tE d?vvnvvard thrust, and that departs from
t 9Be to an elastic force when the
downward thrust is cleared off, a diaphragm presser
i nst al Inedewnobthe foregping disrdvasntagesefit isnan pbjegt of the present
di aphragm an actuator box installed above the valve
inveatibertp prodide & avrmaliydopesy typef piegeelectricaelemeaydxdriven metal
fixed to a body side of the valve chanber, a
dRipbragemintiot valvepwhichi evainaindt Higls telapéfatureataralitions, makes
box, wherein thrusting of the netal diaphragmis

itRSIds ISR dchievieticdlisied istatle Tow Rite O RHMPESRSIAICted so
wherein the di aphragm presser el ongates downward due

thl the compressive force applied to the piezoelectric element can be simply

and easily adjusted without having to dismantle the control valve.

Disclosure of the Invention

In order to achieve the aforementioned object of the present invention,
the present invention, as claimed in Claim 1, is characterized by comprising:
a body with a valve seat on the bottom face of a valve chamber having an open
upper end, a metal diaphragm installed in an opposite direction to the valve
seat in a state so that an outer periphery of the metal diaphragm is hermetically
sealed in the valve chamber, and is making contact with the valve seat due to
downward thrust, and that departs from the valve seat due to an elastic force

when the downward thrust is cleared off, a diaphragm presser installed on an



application of voltage, a conical spring nechani sm

di sposed between the diaphragm presser and the

pi ezoel ectric el ement, wherein the conical spring
mechani smis di sposed to absorb el ongation of the

pi ezoel ectric el ement when the netal diaphragm nakes
contact with the valve seat, and the conical spring
mechani sm applies a prescribed thrust to a seat part

cO ising the val ve seat and a part .of the a
USSR Rl e eI aPiEO - s SRS beRMSTEIER gbove the
prel oad mechani sminstalled between the piezoelectric
valve eiamhendand edawer gad paft oiheragieator R ifixed ke a body side
greload mechani sm constantly applies an upward
ottheprvalvs ichamber ca piezoelectic elemedrtdnstalled irsidathe actuator box,
wherein the conpressive force applied to the

whern ¢hresting of tHeemetdl diaphiragnmpisglerfustmeeictheslighmediation of the
adj ustable externally. The present invention, as

di?hﬂfé’g?ﬁ préssdravAtreir tCaRbRag prédieNelondates downward due to

aracteri zed by that the prél oad nechani'sm conpri ses:
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1.8C-sha No, rel.oad,j i ke ontact wth a. .
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medi ation of a ball, a cylinder-shaped, No. rel oad
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box so as to be capable of free, vertical novenments,
the metabidiaghragm makes centach withethro/alverseatoand the goniaal spring
in the No.2 preload jig so as to connect the No.1
mecbapiath ppplies a predsuzibed thius? tep acdemd ajt cpmpitising itime vakve seat
coupling pin travels with free vertical novenents

amd @gart of eh@irmedl ARlphaagmemBRring tSHtaBIOWRR thé&ah Bé4&t0fand a
box, a preload adjustnment nut that screws to provide

: - el nhar
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an upper end part o .2 preload jig, a
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compressive force to the piezoelectric element, wherein the compressive force
applied to the piezoelectric element by the preload mechanism is adjustable
externally.

The present invention, as claimed in Claim 2 according to Claim 1, is
characterized by that the preload mechanism comprises: a disc-shaped No.1
preload jig installed directly under the piezoelectric element, wherein the
disc-shaped No. 1 preload jig makes contact with a lower end face of the
piezoelectric element through mediation of a ball, a cylinder-shaped No.2
preload jig fitted to an outer peripheral face of the actuator box so as to be

capable of free, vertical movements, a coupling pin inserted in the No.1 preload

jig and in the No.2 preload jig so as to connect the No.1 preload jig with the



part of the preload spring makes contact with the
prel oad adjustnment nut that constantly presses the
pi ezoel ectric el enment by pushing up the No.1 prel oad
jig, the coupling pin, the No.2 preload jig and the
prel oad adjustnent nut so that the conpressive force
applied to the piezoelectric elenent is adjustable by
adjusting a clanping degree of the prel oad adj ust nent

nuf. Furthernpre, the present.invention, as clainmed in
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characterized by that the conical spring nmechani sm

alepgh# lopgitudinabigtiga helgfpmesken theoaettataidaxng a | ower
end part that is fitted wth the di aphragm presser

a preload ragjgstmens pat éhatoserews\tot providedipes vedisabmawement along
upper end part of the diaphragm presser hol der, a

aplowter pénpledral fadecof aapippeysend parest the Nbe2 pmlsadgig, and a
space of the diaphragm presser holder, a ball rest for

prelodPSprir) Aeeicdnaralng RRE cfldisr 8x ma SIS sBRARAt an upper end
conical spring, wherein the ball rest nmakes contac

ngitbtﬁ tﬁé‘?rr%aa s?fgffnb%gkébgpﬂiagg g\’ﬁthg{]h? g.%gopdrqugmg&nﬁgh@hut that

~cent part "of “an up _
odthatil Bisap bne Big2BRREfG 8T BY iRt B R FGac i,
thEGRHING P e Neop Prelped i Brchibs Fipigan AsiStoH oif 5O that the
spring ,and to prevent the ball rest and the plurality
cynpessivealforcgp applied f foorthe opiegelsciric \alement ishadjustable by

repul sion force of the conical spring is adjusted by

adjusting amctprapingalegreg of the prelodd atpstpentnutad] ust ment
nut. 9 Effects of the Invention A normally open type

pi ezodigtharinorelr the gresaitdhvetition) b ehitedtin @lainy 3laceording to
the present invention exhibits excellent effects as
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nmet al di aphragm control valve in accordance wth the
cHhEIEY: 4 QEPHrAGh presSOhBRRY RdvVidY & BT % part that is fitted
with the diaphragm presser and a housing space formed with an open top on an
upper end part of the diaphragm presser holder, a plurality of conical springs
placed in the housing space of the diaphragm presser holder, a ball rest for a
ball placed on an upper face of an uppermost conical spring, wherein the ball
rest makes contact with the No.1 preload jig of the preload mechanism at a
center part of an upper face, and a spring adjustment nut is screwed to an outer
peripheral face of the upper end part of the diaphragm presser holder so as to
be movable with free vertical movements to adjust a repulsion force of the
uppermost conical spring and to prevent the ball rest and the plurality of conical

springs from coming off, wherein the repulsion force of the conical spring is

adjusted by adjusting a clamping degree of the spring adjustment nut.



mechani sm which applies an upward conpressive force
constantly to the piezoelectric elenment so as to nake
it possible that the certain conpressive force is
constantly applied to the piezoelectric el enent
t hrough nedi ation of preload even when the actuator
box, which accommbdates the piezoelectric elenent, is
in an expanded state due to thermal expansion, for
exanpl e, which nay occur when the control valve is in
use under high tenperature conditions. As a result,
accurate fIOM/rate control can be achieved by the
enment driven metal diaphragm contro
val ve of the resent i nvention because the generating
force Asncormai@nope@ dyperpezoealactricndinen ynetsl diaphragal control
di aphragm at the tinme when the piezoelectric el enent
valveadfdhg present (M)entiba exhibitsedaellenteffdctgrastfoltbws/ien
nmet al di aphragm control valve, in accordance with the

pr esenmwnsﬁhamnopémydet ﬁleﬁbélé@ﬁ‘lce&r‘i\iérpn@tﬁ@ hragm control
conpressed upwardly al e time by the preloa

vgﬁéhﬁn bé?%r‘@lﬁﬂce.t\nﬂ‘i etfw seﬁta'ih\fe‘?}'i‘iBHexer§UIEBéﬁe\N a preload

wei ght e piezoelectric elenent

[ h g
i %b'sanﬂpﬁﬂ 7 BPPlRE. B RPN B géréﬁiénﬂv to the
al so r duc t e | oad t ppli ot
PlRzagIse 5Q Ahetol aE: oREEI tﬂaﬁta!gﬁr%eg%ﬁ'amm@sswe
fromthe valve seat due to the elasticity of t
foree df cOnsiitiygapPliesute H?ewmqeiﬁgtmte&m@vaéthrengmmewétlon of
10 netal diaphragm and inproves the life of the netal
prilofth eygm wheh the mctuater dox; iwhieh accomnipdates thetpiezoelectric
di aphragm control valve, in accordance with the

elenesrenis inareakpaiednstateadpe &b traanmd expgnsibn afop exbamle, which
nmechani smthat presses the piezoelectric el enent at

iyl odduivhe MY Gdritrdl Ralvelisgh Qﬁs@ SriderHigh %ﬁb@%ﬁtﬁl%dcondltlons
around the actuator box, and the conpressive force

ARPRI[ES ttgcéd?ﬁtqoﬂ&ﬁol%lté%h'tr‘bl %'zlﬁr‘(Fé‘tacﬂ feveliEby the piezoelectric

pi ezoel €éctric el enent driven
element driven metal diaphragm control valve of the present invention because

the generating force is transmitted surely and smoothly to the metal diaphragm
at the time when the piezoelectric element is elongated.

(2) The piezoelectric element driven metal diaphragm control valve, in
accordance with the present invention, has its piezoelectric element
compressed upwardly all the time by the preload mechanism and, therefore,
can remove the force of weight of the piezoelectric element exerted to the metal
diaphragm. This feature makes the weight or force applied to the metal
diaphragm lighter, and also reduces the load to be applied to the metal
diaphragm at the time when the metal diaphragm departs from the valve seat

due to the elasticity of the metal diaphragm, thus preventing deterioration of the

10



di aphragm control val ve can be adjusted by neans of a
prel oad adjustnment nut screwed to a No.2 preload jig
positioned outside the actuator box. This feature of
the invention does not require that the actuator box,
and the like, be upsized even when the preload spring
is selected to have large elasticity. Furthernore,

the strength of the conpressive force applied to the

iezoel ectric Ienent be, freel sted by neans

migtaldiapRgmy 2p0 NP (Reerdhe "fﬁjf’fmetrﬂsi’#%f#&%rﬂ 0

di sassenbl e the control val ve. pi ezoel ectri

el eneri) dh PIRZOSIRALEG SlfTEBR a@mrwaﬁtabﬂlapa‘rwofforttf% valve, in
present invention is provided with a No.2 preload jig
actordaacerwith thienpresant dnventienprhasoadperipadtspsing afita preload
and a prel oad spring disposed around the actuator

meghaniEim thatepressesathet piezoeleetric elendntsatabll dimses, wherein the
assenbly of the piezoelectric elenent driven netal

pféleéth 6pARY watm&wa.‘mut Pebsctastor BoRdand ltivé cvRlpressive force
sinply and easily. (5) A piezoel ectric elenent driven

gﬁﬁéﬂ td EI@BT&%@&‘?FE MY ¥fthe V\Pleﬁéélﬁgfr lefnaHtidtivieRtmetal

sent invention, 1S provided phragm

SR A4 Bt AR oL 8RR 15 B
SRR AR AT IR ATBEE | e
en the netal diaphragm 11 nakes contact wit

of e iaveatian daes ngbraquie thapthesastustas baroand toe l!kﬁ,ria@,ypswed

is applied to the valve seat and to the part or
eyen when the peelpad spang ipselepteditothayertargsl elasticityhr &gnthermore,
maki ng contact wth the valve. Thus, the coni cal

thepstravggthraftha osmprabsioe Horoel amgistd tenthef piebeelectric element can
pi ezoel ectric el enment once the netal diaphragm nakes

b€ Frded¢ tadiisdtéd Hyemeahy Ebfstﬁétprbltﬁdeﬁdjuﬁfrﬁéﬁnﬁumﬂlthbﬁt having to
nmetal” di aphragm and the val ve seat” from bei ng danaged

dR48sé b IR HntFSHA | NY

(4) A piezoelectric element driven metal diaphragm control valve of the
present invention is provided with a No.2 preload jig of the preload mechanism,
a preload adjustment nut and a preload spring disposed around the actuator
box. This feature of the invention thus allows assembly of the piezoelectric
element driven metal diaphragm control valve to be achieved relatively simply
and easily.

(5) A piezoelectric element driven metal diaphragm control valve, in
accordance with the present invention, is provided with a diaphragm presser
installed on an upper face side of the metal diaphragm and a piezoelectric
element provided with a conical spring mechanism that allows the elongation of

the piezoelectric element to be absorbed at the time when the metal diaphragm
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force generated by the piezoelectric elenent because
the conical spring nechanismensures that such a
force is not being directly applied to the seat part.
(6) A piezoelectric elenent driven netal diaphragm
control valve, in accordance with the present

i nvention, is constructed so that a conical spring
nechanisn1conprises a diaphragn1presser hol der t hat

"Iﬂqi?ﬁaﬁqr{t jth:&ms\z‘ajye §Bp V' ngsrﬂaﬁ@g%e&ﬁg&ﬁé% Eﬁ@m of thrust is

space of the diaphr % resser hol der, a ball %

appliedte tie valve paatandie therpart REPAFI98 (hBs @ S&stiRag) of the metal
spring, and a spring adjustnent nut screwed to the
disiphpagrag makisg s eontastt dwiths dhas vatvebe bl theof coniedl  spring
vertical novenment in order to adjust the strength of
meghiainising rabsorb s elongationnst thoo piezdelegtric relemedt snceathe metal
to prevent the ball rest and the uppernpst conical

diphragmf Friaikes asBritactohvitht the valvePdAaerstss pesvemingethe metal
wherein the strength of the repulsion force of the

d
a%?\?é%@%n& 9§fve dtrf rﬁ%ﬁﬁdﬁﬁij useﬂ’ué’l’o% IlanféWtJEEeratlng

ing degree e spri tment nut
s r n

fardh; gheisRd @ té@ae@%#'gﬁt;& eRnpif bEEREEIRG, FRage! spine
having to re t he erm)st oni ¢
ARG GrsUFes, e SURD AIEIEP &y not Gl Srecl] pliiat to'tne seat
Brief Description of the Drawings Figure 1 is a
PRBngi t udi nal front view of a pressure type flowrate
control apparatus that enploys a nornally open

pi ezoe(Bch miezaslectrntelament driven anetaliidigpiiragm eenireloralve, in
val ve in accordance with an enbodi nent of the present _
acovianice rwithtlge peesznit snventien| & gensthuoted tsodhatb domieal spring
view of a mmjor part or portion
mechanism comprises: a diaphragm presser holder that forms a housing space
having an open upper part, a plurality of conical springs placed in the housing
space of the diaphragm presser holder, a ball rest placed on an upper face of
the uppermost conical spring, and a spring adjustment nut screwed to the
diaphragm presser holder so as to be capable of free vertical movement in
order to adjust the strength of repulsion of the uppermost conical spring and so
as to prevent the ball rest and the uppermost conical spring from coming off the
diaphragm presser holder, wherein the strength of the repuision force of the
uppermost conical spring can be adjusted by adjusting a clamping degree of
the spring adjustment nut.  With this structure, the repulsion of the uppermost
conical spring is able to be freely adjusted without having to replace the

uppermost conical spring with another one having the desired repulsion

strength.
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of the piezoelectric elenment driven netal di aphragm
control valve shown in Figure 1. Figure 3 is an

enl arged | ongi tudi nal side view of a major part or

portion of a piezoelectric elenment driven netal

di aphragm control valve. Figure 4 is a transverse

front view of a major part or portion of a

plezoelectrlc el enent driven metal diaphragm control

%raph showi ng the relationship

) Eenperature and the

dlsplacenent | ength of a piezgelectric elenent driv

net al FigMsarldgm epaitudinal prteigw s iadrrigsanientyae flow E?é% control
mechanismin accordance with the present invention,
apparatus dhat eaiplpys zoebavally opehepnenoeledtnwelen'nmtadnven metal
di aphragm control valve that is not equipped with a
diapHragoh contzblanalye inFageurdafce swith @ginapmboidiment of ke present
rel ati onship between the |load applied to the seat

im&rtiopf a control valve and the voltage applied to a

pi ezoel ectric elenent. Reference Nunerals 1

P 2o RLE s S Bl BTl B A 4T o ot
%leﬁl%ﬁ@%@@g@gﬁ%* C&r tno|:nelfé)lxd|.':;\251;{‘|:ag(a‘fi(gjo(?'ltnaq)l\Féll\;ez shown in

Figure 1.

Figure 3 is an enlarged longitudinal side view of a major part or portion
of a piezoelectric element driven metal diaphragm control valve.

Figure 4 is a transverse front view of a major part or portion of a
piezoelectric element driven metal diaphragm control valve.

Figure 5 is a graph showing the relationship between the operating
temperature and the displacement length of a piezoelectric element driven
metal diaphragm control valve provided with a preload mechanism in
accordance with the present invention, and an ordinal piezoelectric element
driven metal diaphragm control valve that is not equipped with a preload
mechanism.

Figure 6 is a graph showing the relationship between the load applied
to the seat part of a control valve and the voltage applied to a piezoelectric
element.

Reference Numerals

1 Piezoelectric element driven metal diaphragm control valve

7 Body
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13 Pi ezoel ectric elenment 14 Conical spring mechani sm
15 Down-side ball 16 Upper-side ball 21 Prel oad
mechani sm 22 Di aphragm presser hol der 22b Housi ng
space 23 Conical spring 24 Ball rest 25 Spring
adjustnment nut 26 No.1 preload jig 27 No.2 prel oad
jig 28 Coupling pin 29 Prel oad adjustnment nut 30

Pr el oad spri ng Best Mdde for Carrying Qut the

Invent -(éa%% Igfe red enbodi nent of the present

i nvent %n i CRAMBEH in 14 detail hereinafter with
reference to the drawings. Figure 1 illustrates a
normal 1§ oMalyetSg# pi ezoel ectric el ement driven netal
di aphragm control valve 1 in accordance with a
preferBed betaldliaphtagod the present invention, which
is used as a control valve for a pressure type flow
rate cohtr dctwgtpebat us. The af orementi oned pressure
type flowrate control apparatus is constituted to

I ncl udeo@ Budeabretric el ement driven netal

di aphragm control valve 1, an inlet side block 2

connecj£d tﬁa@ﬂaﬂﬁ?bfa@@@? si de
13  Piezoelectric element
14  Conical spring mechanism
15 Down-side ball
16  Upper-side ball
21  Preload mechanism
22 Diaphragm presser holder
22b Housing space
23  Conical spring
24 Ballrest
25  Spring adjustment nut
26 No.1 preload jig
27 No.2 preload jig
28  Coupling pin
29  Preload adjustment nut

30 Preload spring

Best Mode for Carrying Out the Invention

The preferred embodiment of the present invention is described in

14



of the piezoelectric elenment driven netal di aphragm
control valve 1, an outlet side block 3 connected to
t he downstream si de of the piezoelectric el enent
driven nmetal diaphragmcontrol valve 1, an orifice 4
used for flowrate control that is provided on the
downstream si de of the piezoelectric elenent driven
met al di aphragm control valve 1, a pressure sensor 5

r., detectjn stream .side pressure of the orifice 4
et bSisTiatel IE R BTGe 13h dEngPovi ded on the.
upstream side of the orifice 4, a gasket filter
provi dEiguwse 1 Hestiptes: a asroathe open tym pﬁﬁ!@@!ﬁqt%ﬁlement driven
el ement driven netal diaphragmcontrol valve 1, a
roetat di@phragm ceintrof walveil inuatocadante withta m@éeraedeembmdiment of
control the piezoelectric driven netal diaphragm

the presentimertioh, wiich Ishesdd &¢ a comtidhgalvelrfer bl mresswaredype flow
of fluid passing through an orifice connected to the

rﬁfeeééh'trr@t HyparatuOW THd 9f6r@ﬁ$ér(ﬁbné@9ﬂé§§l§’r% type flow rate control
control | ed by neans of opening/closing the

dppafatt efl c{oﬂsﬁﬂu?éﬁa% ﬁ’ﬁdl féTEkSN@ Igbg?@h;efl’ﬂﬁ%ﬁ?r&rfv%h metal

e conputing t passi ng

0@%’#3% %5'1&1E% p?;'ifrﬁne°5§$> e %‘gﬁnﬁ%@%ﬁ Bé %pte%?ream side

ide pressure of the qrifice 4. As shown i igure 1
of ti¢ elera rw@l%n@ﬁ%ﬂﬂvw Al HBBRTSGR Honial eive 1, &n outlet
control valve 1 is constituted wwth a body 7, a netal
siflea plackgdh ®nngctade tas the) dowmsiigapt sidegof Hie Riazeelestrio glement
10, a base presser 11, a diaphragm presser 12, a
qoivenonemttliapdwragenwntrdlafaq\se pi acorifn:ewweeyl,foaflowrﬂadmlcontrol
spring nmechanism 14, a down side ball 15, an up side

that is ﬁﬁ)wdiadoeﬁrﬂhﬁgd@ﬂﬁﬁrée?m gidbegfrthegpiéBoelattric element driven
adj ustment cap nut 19, a |lock nut 20, a prel oad

gl aiphiagrh. céHtebI Walvd 1 K8 preB¥urichésnsdrrs! %Na@tect.ﬁgf ulpstream

normal I'y open type plezoelectrlc el ement driven ne

sgdnegan{sagfae Sfp-LJWBrn;{eah‘(r@%énr@ s8N HKRr His 6B N the
ups gltl'laél of the gh <':eo Saigaswht fclperlg gr%v qon %euﬁgstream side of
the piezoelectric element driven metal diaphragm control valve 1, a control
circuit (not illustrated) that operates to control the piezoelectric driven metal
diaphragm control valve 1, and the like, so that the flow rate of fluid passing
through an orifice connected to the pressure type flow rate control apparatus is
controlled by means of opening/closing the piezoelectric element driven metal
diaphragm control valve 1 while computing the flow rate of fluid passing through
the orifice connected to the pressure type flow rate control apparatus by using
the upstream side pressure of the orifice 4.

As shown in Figure 1, a piezoelectric element driven metal diaphragm

control valve 1 is constituted with a body 7, a metal diaphragm 8, a pressing
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reacti on gases are used. Specifically, as shown in
Figure 1, the body 7 is forned in the shape of a

bl ock made of stainless steel and is equipped with a
recessed part 7a that forns a valve chanber 7a
havi ng an open upper part, and an inlet passage 7b
communi cating with the val ve chanber 7a', a

ring shaped val ve seat 7c formed on the bottom f ace

f th val ve cha an outlet a
% o awlﬁ%&hi ikl RssicH. A oepirddm ypsser 12, a
|nsert|on hole 7e | a pressure sensor 5 js
Piegeleckis elgmantls; (a n@épta%atﬁf)s a qani¢a| spRngrmechariret 14, a
filter 6 is inserted, an orifice insertion hole 79 in
dewin sideubadr 15, ae up sidedbalpdSea@ baaring ihasel 1%ea bearing 18, an
stainless steel nmade inlet side block 2 is connected

adjostnmentugapt netd®, aildek ot 20¢ abprdjoad mectraaisen @1, and the like.
plurality of bolts (not illustrated). The stainless

Bgtthigl stridtate, Stheendin@slly Speérs tHsk! ipiaastledttid dldment deiven metal
passage 2a that conmuni cates with the inlet side

d@ﬁﬁﬁa@ﬁlﬁ contrdl vale Rodlie’to Q?Ifubké eatl’n Ea?r!éﬁé ARd $abke ﬁ@w rate

formed on the outlet side o uction passage

cc%ﬂﬂ:l ae\}e‘?'g{ﬁgﬁ% thr%ﬁct{apr&er%@gé c%)‘?}dﬁt@)tnsl %agﬂﬁ@? jﬁgﬁ 6tg(rgfi‘-:rature

nected to the,downstream si de of the body 7 by
mﬁ@ﬁﬂ§98§e§a"iﬁsﬁqural|ty of bolts (not |IIustrated).
The st ai nl ess steel outlet si de bl ock is equipped
wi t h oRecically @s shewa yeFmmre dpthebedy Yﬂﬁg fapmed Imﬁge shape of
outl et side passage 7d of the body 7, and an orifice
a blask made ofostaintessf siesbandris egeippedewithsa decasised part 7a that
di scharge passage 3a, and a |leak port 3c for testing

fofros d walvaghaniber 7alhagng &h cpenopper farg ared an irlehpasdage 7b
di aphragm 8 in the shape of a very thin plate nade of

cdldc‘i)lg)uﬁﬁitaghgh V\Inﬂ!ll tHealalliaeRambied ThY a8limfibhaped ale (saat P8 formed
on the bottom face of the valve chamber 7a’, an outlet passage 7d
communicating with the valve chamber 7a’, a sensor insertion hole 7e in which
a pressure sensor 5 is inserted, a filter insertion hole 7f in which a gasket filter 6
is inserted, an orifice insertion hole 7g in which an orifice 4 is disposed, and the
like.

A stainless steel made inlet side block 2 is connected to the upstream
side of the body 7 by means of a plurality of bolts (not illustrated). The
stainless steel inlet side block 2 is equipped with an induction passage 2a that
communicates with the inlet side passage 7b of the body 7, a filter insertion
hole 2b formed on the outlet side of the induction passage 2a, and a leak port

2c for testing for leakage of fluids. Also, a stainless steel made outlet side

block 3 is connected to the downstream side of the body 7 by means of a
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Tungsten, Ml ybdenum Titani um and Chrone have been
added provides the netal diaphragmwth excell ent
durability, corrosion resistance and heat resistance,
is formed in a reverse dish shape with the center part
expanded upward. A cylinder-shaped pressing adaptor 9
is placed inside the recessed part 7a to neke the
net al di aphragm 8 face agai nst the valve seat 7c and

net I di aphragm 8 .is, al so i pserted.n .
pitfaity a3 et (3 fustietile Fhe atetiers " Sisel cifief Ride’ block 3 is
actuator box 10 and t he base presser 11 are cl anped
egunipped gwithra tdischasag passpgs 3a Rommaunicating with tths‘éUtlet side
that the peripheral part or portion of the netal
passage adof hé bodyriaridcan loyificaiimsertior dodan dbffoxeed tam the inlet
the side of the body 7 by the pressing adaptor 9, and
sideeofl 4 kiischarg® passagé [Baytanday ilewk pbrt3c fori tektisg fort Bakage of
Inconel, and other alloyed steels can be used as the
flgAserial for making the netal diaphragm38. Also, it
IS possible in accordance with the present invention

t hat t [ : haat i
L hat oAPSHah b il P! herd] BB AGT8 1A e SpABE on 8RRy hin
2 .' f ' l .
p@%ﬁ@%;n%r the %@ﬂt-ﬁ@%—%ﬁsﬁﬁ% 4ryy e%rsﬁﬁ%aé? (GhEH 108 %o which
h h

Tungaian; Motvbeench Grangipeand Toiomstave beshagiadiyroviles the
base 17 presser 11 is formed on the outer peri pheral
medele diAphagauerithe rrxogdent slurability grprresion esidangg ;ind heat
box 10. On this outer peripheral face of the upper end
resistance, ispiormiedninod reversacdishtsivapeowith dhe tdester part expanded

fornmed a male screw 10b that is screwed to an

upwiakdt rﬁﬁ?llﬁ@@' -shdpetPprisdinigoadaptor 9 isysladéd inside the rémessed
capabl e o vertically free novenent along the

Qﬁth&gthé%E% oﬁémagfrp@&sc@fagaﬁm % UBRE. séat 7idand so

surrounding wall of the |ower end part or portion of

el the JhEH ;&%%I?‘égaﬁ%slga%lgggh%%wé&‘"i’tlltogfl‘l'edreec'é@%@d 165t 78, The
lower end part of the actuator box 10 and the base presser 11 are clamped to
the side of the body 7 with a plurality of bolts so that the peripheral part or
portion of the metal diaphragm 8 is hermetically maintained and fixed to the
side of the body 7 by the pressing adaptor 9, and the like.

It goes without saying that stainless steel, Inconel, and other alloyed
steels can be used as the material for making the metal diaphragm 8. Also, it
is possible in accordance with the present invention that a plurality of metal
diaphragms can be laminated together to make the metal diaphragm 8.

As shown in Figure 2, the actuator box 10 is formed in a cylinder

shape and is made using Invar® (a 36 percent nickel-iron alloy}, which has a

small thermal expansion rate. A step part 10a thrust downward by the base

17



whi ch two coupling pins 28, which are conponents of
the prel oad nechanism 21, are inserted in a state
wherein they are freely engaged. As shown in Figure 1,
a piezoelectric elenment 13 (a piezo actuator) is

provi ded inside the actuator box 10 to thrust the
net al di aphragm 8. The piezoelectric elenment 13 has
an upper end part or portion that is supported by the

j ust cap, nut, 19, which,i cre upper .
PERISR AT oo Bt B1 e Ghtet medipheraldacs Obaows! ShR Hal W portion
medi atl on of the bearing base 17 and the bearing
offhenaetwator e, @.ur en thﬁeo%téhpéflpb@ﬁ fage thmmr ehd part or
di aphragm 8 may be thrust toward the side of the
podioncofdbeactuatonboudd, thewe istfoonedfa mate sqipwr1Q that isssgrewed
16, the No.1l preload jig 26 of the preload nechani sm
t@Ban bbistmest cap deutb$d lantbto tahibckepul 28] s @si tg be capable of
mechani sm 14, and the di aphragm presser 12 so that the

v@ﬁi%éﬂ@'ﬁééfhfbvéh@mnéloﬁ% tife SA0aRF eSoxlo¥E YWRF dtheh@irpose  of
voltage is applied to t pi ezoel ectric el enent. For

agf‘l{%trﬂéﬁtzo%ﬁ%é 's%rﬂ\@ﬁﬁﬁf w%ﬁ of B 1BweF eerﬁ’PtJQﬁf St BtfioR1of the

am nat ed as an operating tenperature

o Bl 16 i\%ﬂf-‘ﬂ'é‘ahgﬁ@ﬁf@%%p"r BRI i e
W}Ecw %rﬁpfgﬁlrféglsrjlslgﬂ hlgpeqrrﬁm;ptogrlp%qni%ﬁ ,Qgglp%m@gggfnechamsm

that is positioned directly wunder the piezoelectric

24) aradinserted inEpsitRigiwiwerest theyearpificrhepraeded el enent 13
when voltage is applied is absorbed, and a prescribed

t hr ust As shappl inddgure t,repiezeatectrior ele@m’rﬂﬁi (sh pigzohactuator) is
val ve seat 7c and the correspondi ng portion of the

pratidéd dhsipdrthgnactuatortbeorOat thrubke thealmvetak eéEprpagn 8. The
7c) of the control valve 1 when the nmetal diaphragm 8

plE¥6RRecHit ERfhert 1N hhS anvidped ivPpart ‘br‘iﬂdﬁtlér@that is supported by
el ongati on of the piezoelectric el ement

the adjustment cap nut 18, which is screwed to the upper end part or portion of

the actuator box 10, through mediation of the bearing base 17 and the bearing
18. With this structure, the center part of the metal diaphragm 8 may be thrust
toward the side of the valve seat 7c through mediation of the upper side ball 16,
the No.1 preload jig 26 of the preload mechanism 21, the lower side ball 15, the
conical spring mechanism 14, and the diaphragm presser 12 so that the
piezoelectric element 13 is elongated downward when voltage is applied to the
piezoelectric element.

For the piezoelectric element 13, there is employed one of a laminated
type, which has an operating temperature limit of —20C~150C.

A conical spring mechanism 14 is provided between the diaphragm

presser 12 provided on the upper face side of the metal diaphragm 8 and the
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In particular, as shown in Figure 2, the conica
spring nmechanism 14 is equi pped with a housing space
22b and has a downward insertion hole 22a in which

t he di aphragm presser 12 is inserted on the | ower end
part or portion, and the conical spring nmechani sm 14
al so has an open upper end, and an internedi ate part
or portion that conprises a cylinder-shaped di aphragm

NG Higlond ol 2B 4f the Pepicad TREFLAIST 2h AL S Siysfipned irectly
coni cal springs 23 acconmodated in the housin pace
upder he RiszoeleelsRRigmept $3scFlongatien oaéﬂwean@zae%ctrlc element 13

supported by the wall 22c, and a ball rest 24 is
whieacealtage isapplipdes a‘tmoebeﬁ arttea prpecrihext throsti iszapplied to the
spring 23. The ball rest 24 has a cone-shaped bal

seg&spadr(eonmpridihy thedpalveiseat 7anand ke cdndspbatiinglfortiontof the
is placed on the center part of the upper face of the

niAhl dibBRfaght S iMAt ICoAtdLR Ithe! QalveZdedt patl 36) 6fthePEStrol valve 1

wWth a brimpart 24b on the outer peripheral face of

whi, h‘%"‘ﬁ{ 5!”9 aﬁl’i‘%grﬂ ?p@ék%é;rboﬂiaét hGitPahé Vv \{ e s 57&: due to

spring JUS screwed to

eloetgp i ﬁﬁ%%ﬁqﬁ%élsﬂ%ﬁégrﬁ o1 csser hol der 2290

th t t he .mal t _22d
capab! B B AREERANIE 1 glure,ﬂ”?nee%om%aﬁ@?egﬁam 3fism 1415

respect to one another, and the brimpart 24b of a
eguippedexith alwusing spaee)2ge@ng has ar@warﬁigmagftm helfat2a in
nut 25, thus preventing the ball rest 24 and the

which thel digphragre @@séen AR dsnnsertest bnftherfpwer ehdl pamgr portion,
out of, the housing space 22b of the di aphragm

aﬁd%éeéom&ldﬂjrirﬁﬁm@mahmrﬁ 1 alsot has,an bpes yppesidnd; and an
that the repul sion force provided by the conical

wﬁ@%@tﬁiétezgpdrﬁ dr’ %I'ﬂbrPQﬁétr Rbhfiftise8 adcyRiteshapetndiaphragm

y adjusting the clanping degree of a Spring

pgt%s:é?]g%?d&% r 22 Whiéht timEawlil82¢ e[r’gh%%m@%?g%;?d‘ rilctiafiRm 14
Lsﬂplpgf % goﬂlﬁr%ll of tcg%cg}/ stpplﬁgsc %'3' ggcorﬁlg?lroidg%sd ﬁ'?’ tlj16§' housing
space 22b of the diaphragm presser holder 22 and are supported by the wall
22¢, and a ball rest 24 is placed on the upper face of the uppermost conical
spring 23. The ball rest 24 has a cone-shaped ball rest groove 24a supporting
an upper side ball 16 that is placed on the center part of the upper face of the
ball rest 24 and the ball rest 24 is also equipped with a brim part 24b on the
outer peripheral face of the lower end part or portion of the ball rest. A spring
adjustment nut 25 is screwed to male nut 22d formed on the outer peripheral
face of the upper end part or portion of the diaphragm presser holder 22 so the

spring adjustment nut 25 and the male nut 22d are capable of relative vertically

free movements with respect to one another, and the brim part 24b of a ball rest
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The di aphragm presser hol der 22, the ball rest 24 and
the spring adjustnent nut 25 are made of Invar(r)
having a small thermal expansion rate. Also, the

di aphragm presser 12 is forned with Polyi m de or
Invar(r) having a small thermal expansion rate. The
prel oad nmechanism 21 is provided between the |ower
end part or portion of the piezoelectric el enent 13

208 eadpgrd vt e, SRS SARHRON: Rt 25, (s sroveRing 91%@" rest

prel oad nechanlsn121 is constituted so that an
ZGWrtéggowai spdRas 43 fiem reaing off fremp r0é|f@l!a\ag ﬁaﬁtﬁﬁﬁh% hpusmg
at all times to the piezoelectric elenent 13 and so
space 22b of thegiaphsagre fressss haigher 221 t By this structure, it is possible
pi ezoel ectric elenent 13 can be adjusted externally

thit tthe vépuigion fordecprodideddsetinel cortided spaints @3 iy fileety dontlalled in
particular, as shown in Figure 2 to Figure 4, the

thehS&dsdreedtasy adju S BlEngSAg AedrSS osh thgadjlistment nut
aprel oadsj ig Z%‘ prO\S/R'i?ed di rml y S%(ger tha@? A

28 (8.3t Netcal IR, of the? frifg acftfment ol 2% e male nut
28%1??%6%5@&'%&:?3 rhfr%@%tﬁé%v‘tlﬁr %ﬂ%@ﬁﬂf@iﬁ %253591%5*:% 1
13, T .
BI ol oalbuslpdigi Brétseanie 22 66| SAlhERsts7A AN 15 £Pring
rel oad g 27 engaged so as to be capable of free
adyﬁfm@aﬂ n%ﬁ«‘éﬁéemgadﬂ pﬁ Inves®aving @ small $igreral expansion rate.
peripheral face of the actuator box 10, and coupling
Alsmghegliaphragm pesgsed 12hispiormieldewith rFt’cdyimide N, Ibvar® having a

preload jig 26 and the No.2 preload jig 27 in a

shnallotgdred] abepdrision , rat® asTHed preloads enéctthnistn o@dhisoqirbvided
the No. | prel oad Jlg and the No. 2 preload jig) in

befvikdn e PAREISSd dNbokHidHh F #9e! pidDektdd élérhéhtl\lm and the

preload jrg 27. T e coupllng pins 28 nove vertically

ua%%ﬁ%@h%% g?le (%ﬁ éjgfél}@ & n;k? @@Sg,dgébds'%ﬁ around

the actuator box 10. The preload mechanism 21 is constituted so that an
upward compressive force is applied by the preload mechanism at all times to
the piezoelectric element 13 and so that the compressive force applied to the
piezoelectric element 13 can be adjusted externally without having to
disassemble the control valve 1.

In particular, as shown in Figure 2 to Figure 4, the preload mechanism
21 comprises a disc-shaped No.1 preload jig 26 provided directly under the
piezoelectric element 13 and the No. 1 preload jig makes contact with the iower
end face of the piezoelectric element 13 through mediation of the upper side
ball 16 that is disposed between the No. 1 preload jig and the piezoelectric

element 13. The preload mechanism also includes a cylinder-shaped No.2
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screwed to the outer peripheral face of the upper end
part or portion of the No. 2 preload jig 27 so as to
be capable of free vertical novenment with respect to
the No. 2 preload jig 27. A preload spring 30 is

provi ded around the actuator box 10 in a state
wherein the upper end part or portion of the spring 30
is in contact with the preload adjustnent nut 29 so

as _toq.exert pressure on the i ezoe] ectri c, el enent

PEfipad g ¢ Rsl9a65a iR Airlg ke ceRabioh Fep orestie! mgvaments with
the coupling pins 28, the reload jig 27 and the
resRack tritheputst Reripheral faps, of taﬂ@c{) ussordgx 30, andceurling pins 28
conpressive force applied to the piezoelectric el enent
areinsertedjinpacaliel indethe Np. hpreteadjig 26 andithg Nd2 preload jig 27 in
cl anpi ng degree or position of the prel oad adj ust nent

arthtoug®-statee(iief i stahs Yo be reséled thraugh betth theNR 61 preload jig and
formed in a disc-shape using stainless steel, or

tHenN@r Qrﬁreldda! jid) iIRdt8ertcSEBRNedt BISE 1R 1 %?féléaa' @pzese ah8-the No.2

structured so that it is capabl

pVé?éédl gﬁ' O?D;"Fﬁérﬁ f@ p‘gﬁﬁé‘ iéqﬁ"lé\%"‘@%rtlf‘éfw az;?rigf] thé longitudinal

porti he pie ric elenen
[ m,14 ent Lt or

oG TEs 55 fbﬂﬁeﬁ %ﬁ&ﬁ%ﬁ g bordoR Arefiad SlstRient t 20 s
there js, for ap ball res oove 26a,
sqifived todhe f %e%rap 61 {0/ ln UpRar Sad ek of prrion of the No.

pi ezoel ectric elenment 13 on which the 21 upper side
2ipsploageia 37 SrR%le barmapshlerot ree vertical maverpent With respect to
the lower face of the No.1l preload jig 26 there is

theoNaed raeloaddigs27 c oAgrelvadespring 30 issptovigexbamurzicihei actuator
which the lower side ball 15 is inserted, and the

bboverinsa deatbavheréh tie uppéecead rtaﬁﬂpanmomtm Erind80 is in
ball rest 24. Also, on the No.1 preload jig 26, there

cént8ct Witheghe bfélbé@%ﬁué%éﬁ?' 2P %o QSWP &kert ‘ﬁf?essure on the

coupling pins 28 are fltted orizontal 'y and
PRSRELo AP el Rt ) iBalicts. e
ccﬁlbllﬂﬁpﬁﬁétz% qhe 5. pr}efo%d jig 27 and the preload adjustment nut 29,
and thereby allows the compressive force applied to the piezoelectric element
to be adjusted freely by means of changing the clamping degree or position of
the preload adjustment nut 29.

Specifically, the No. 1 preload jig 26 is formed in a disc-shape using
stainless steel, or Invar®, which have a small thermal expansion rate, and is
structured so that it is capable of free vertical movements between the lower
end part or portion of the piezoelectric element 13 and the conical spring
mechanism 14. On a center part or portion of the upper face of the No.1
preload jig 26 there is formed a cone-shaped ball rest groove 26a, which is

disposed on the lower end face of the piezoelectric element 13 on which the
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| ongi t udi nal gui de hole 10c of the actuator box 10.
The No.2 preload jig 27 is fornmed in a cylinder-shape
using stainless steel, or Invar(r) which has a snal
thermal expansion rate, and is engaged with the outer
peri pheral face of the actuator box 10 so that it is
capable of free wvertical sliding novenents relative
to the actuator box 10. On the lower end part or

oBRELHAR 55 Bt Brd G R ey rort AP B or e e face of

ortions of the two couplin ins 28 are {nserted in
tff%&an ereloaghiig 26therq (R 06@99&40 FRYSF gongsshaged ?G@ﬂrr?%fos roove
into the insertion holes 27a of the No. 2 prel oad éi? i
26ty inrwhichttbe tiower sissy balbrd Shisl ipgerted, amd tie IowerL side ball' 15 is
preload jig 26, respectively, and on the outer
piaeedpirarmd stpperted by Hibe Hall 2esl 24.0akllsoj on tE Naht peeload jig 26,
formed a male nut or thread 27b to which a prel oad

thRde e fdrPied thd indBrtich Issle€ 2B in WhsH D eWilingtng 28 sare fitted
28 are forned in the linear shape of an axis using

h&fiZrithR? and iif Baralfey a{r{a@yrﬁmetﬁémg, WARA #h aKB!df thé NoRloreload

expansion rate, and are " inserted into and through the

. % r d.iiq.27 .
Jlé\?aql' ﬂ:@é CI\l‘lg".?)l 'ﬁps%ﬁ%aw?gggggl\@ﬁ@ep h@l %@ 8"%@%‘ oa JcP%n to a
27.ane connecgted., JAfter ass ly jo this manner, both
obGifiiRal SRR NS 1000 He gERRES ok 1 ' They are: 2
abl e to myve upward and downward al onﬁy} he gui de hol e |
10c of ThgNox frelpad Jigpd isi tpramegsinsa oy thﬁhﬂpien‘és'ﬁg éainless
28 have been inserted into the |ongitudinal ui de )
steel, @rlovar® which has asmall thexmabexpansion eate, iseemgaged with
they are noveably engaged, and the coupling pins 28

ther eutslr qeeriphienal faceorinbeadetdator Box ¢0escs Huat ipds capadble of free
formed on the upper face of base presser 11. The

vartieh PSiHing inGidaits Telatik8 toharfttustor Boki 10.eOn hewer end

or Invar(r) that has a small thermal expansion rate,
pai r pBRidH &f tRRNGYI gtalddaNlg I¥thet dré formed insertion holes 27a in
which both end parts or portions of the two coupling pins 28 are inserted in
parallel. Thus, the two coupling pins 28 are inserted into the insertion holes
27a of the No. 2 preload jig 27 and into the insertion holes 26¢ of the No.1
preload jig 26, respectively, and on the outer peripheral face of the No.2 preload
jig 27 there is formed a male nut or thread 27b to which a preload adjustment
nut 29 is screwed.

The two coupling pins 28 are formed in the linear shape of an axis
using stainless steel, or Invar® that has a small thermal expansion rate, and are
inserted into and through the No.1 preload jig 26 and the No.2 preload jig 27 so
that the No.1 preload jig 26 and the No.2 preload jig 27 are connected. After

assembly in this manner, both coupling pins 28 are disposed so that they are
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screwed to the male nut 27b fornmed on the upper end
part or portion of the outer peripheral face of the
No.2 preload jig 27 so that the prel oad adj ust nent

nut 29 is capable of free vertical novenents relative
to the No. 2 preload jig 27. The preload spring 30 is
di sposed around the actuator box 10 in a state
wherein its upper end part or portion makes contact

ith the | ower fac f the prel gad adj ust n 29
ikt P waech Ang dawryarg oﬁpnsﬁﬁﬁ%ie Beff 10 OF i Rotuator
t he ugper face of t he base presser respecti vel y
b1 bpapese the gpdRling pins ba&edmnslpseﬂgd 3ntopihenlesgitudinal
up the No.1 preload jig 26 and the coupling pins 28,
auitke Role 20prafl tbadagtuato? boxntiO tihea ptadé oefibrait theynare moveably
nut 29 so that the piezoelectric elenent 13

ebgpged eant theacquingins 28laré atsd hevn mgfab@mrﬂﬁ@dalé& limadecessed
spring 30. The preload spring 30, ichis a

PRPITILRMINGA ¢TPHe\$perFaddbebhse Bressefysted as desired
W th respect to the conpressive strength it applies to

he of Re| el b o'ﬁgfﬂ*‘“‘lg?2¥ S HARERESEBP g, Invare
ﬂi?t wﬁm”%ﬁ*hﬁm%erﬁéﬁﬂﬁﬁia 3 eagre o450 Haﬁ?vﬁr@ 201s

fore nt| one pi ez ect ric rrent dri
SHT Brijit 273? meq 9” BeURREM pﬁﬁe"%?'ﬁ‘i"ﬁg"f the

stroke, of the metal di aphragm 8 with 23 piezoelectric
ogtesrefiphesal faca@if ike MNp. 2 preloadtjiga? & o thal the prgload adjustment
adjusting the clanping degree of the prel oad

natip@ds cepablewf fiz@. vertical cooveinests relativeda the Nan@l pretofad jig 27.
the present invention, the clanping degree of the

prel Oaﬁfheqﬂbliﬁd‘@@ﬁn@% iBOdisposed ardurtd thdachitosbbr910 in a
the position of the prel oad adJ ustnment nut 29 on the

stERE GyHBtEINOts Eﬁﬁé'a@hoo-ﬁgrt & r o g%kb's Gohact Wltrf'lﬂetlbﬁbr face of

conpressive strengt approxi mat e

tl‘we°r‘ ﬁ@@%@%ﬁ%‘?mteﬂ? nGt E de?%] edm?ereé ok or]p%rﬁ‘c{)n Hdkes contact

ernore, pl ezoerectri emen

w(iitrhI Kgrbp%%tr ?ace of the base presser 11, respectively. The repulsion force of

the preload spring 30 pushes up the No.1 preload jig 26 and the coupling pins
28, the No. 2 preload jig 27 and the preload adjustment nut 29 so that the
piezoelectric element 13 experiences a pressure all the time from the preload
spring 30. The preload spring 30, which is a compression spring, is able to be
adjusted as desired with respect to the compressive strength it applies to the
piezoelectric element 13 by means of adjusting the clamping degree of the
preload adjustment nut 29 (i.e, by moving the preload adjustment nut 29
upwards or downwards along the male nut 27b by screwing).

The aforementioned piezoelectric element driven metal diaphragm

control valve 1 is made so that the working stroke of the metal diaphragm 8 with
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di aphragm control valve 1 is assenbled, the axes of

t he di aphragm presser 12, nenbers of the conica
spring mechani sm 14, the under side ball 15, the No.1
preload jig 26, the up side ball 16, the piezoelectric
element 13, and the like, are all accurately in

al i gnnment. Thus, in accordance with the aforenenti oned
pi ezoel ectric elenment driven nmetal diaphragm contr ol

| t. 13 | t ed

pig3osBetln BETENGIacH cadiaten ke benat %ﬁ@ig@%%ﬁ?@@usf’ g the
when the driving voltage is applled to

clamping degree &feﬂ"énﬁlﬁloa.!g adisYngAt b i dﬁ aﬁcoadance with an

connecter froma control circuit (not illustrated
eyardplebafathe priesent dnyerdion, vthef ailanspingatdegres seb t Be preload
pi ezoel ectric elenment 13 upward at all tinmes is
adjnptmert riut 20He spt ¢ z0dheadjustingthenpoditidrBolitieyeldad adjustment
prel oad mechani sm 21, for exanple, then even when the

N@C29!8h Me Riie hot of fhréﬁ’d Q'?btdi"brélbﬁé figINRS. L 1)ish that 8EeRipressive
13 is accomopdated, is el ongat ed due to thermal

‘i%ﬁﬁ?g‘fﬂrceag@ﬁpérgg@@éy 26O 8381idP1d e FiesBBIeRc element
58, ‘“ﬁg%Péﬁbﬁﬁ%ﬁ%p}é‘ée*%ms?ﬁ%?% i B Bpepr metal

ortion t he .pi ezoel | enme .and the
AR BE AR aLyANE 1 §eSaubled, de Sxed of the dppBikum drpsser 12.
the piezoelectric 24 elenment driven netal diaphr
mephars of §ag genicabspiing Machasism 1Ay te ueder side balf ﬁthe No.1
the generating force to the netal diaphragm 8 sure
prelead)igh36 Hihg upt side halltiGrthenpieaoeleetrisi @emené d8r and the like, are
el enment 13 is elongated (i.e., is in an el ongated

alstetwhtelyirpalignrhents a graph showi ng the rel ationship
between the operating tenperature and the

di spl apaenh dGReddnd withPitRz Qﬁiréﬁfern'tlénééi %ﬁetééﬁ;\éeélement

met al di aphragm control valve 1 equi pped w t
diN&H GREtaEGiBpRlag™ | ontrol valve 1, the piezoelectric element 13 is
elongated by a set value in accordance with the voltage applied when the
driving voltage is applied to the piezoelectric element 13 through mediation of a
connecter from a control circuit (not illustrated). And, because the
compressive force that presses the piezoelectric element 13 upward at all times
is applied to the piezoelectric element 13 using the preload mechanism 21, for
example, then even when the actuator box 10, in which the piezoelectric
element 13 is accommodated, is elongated due to thermal expansion, a certain
set compressive force can be applied to the piezoelectric element 13 at all
times due to the preload mechanism 21 without having to provide a clearance

space between the upper end part or portion of the piezoelectric element 13

and the adjustment cap nut 19. As a result, it is possible for the piezoelectric
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accordance with the present invention and an ordi nary
pi ezoel ectric elenment driven netal di aphragm control
val ve that is not equipped with a preload nechanism
As apparent fromFigure 5 conpared with a

pi ezoel ectric elenent driven netal diaphragm contr ol
valve 1 that is not equipped with a preload

mechani sm the piezoelectric elenment driven rret aI

SRR BB S T B, Rt R b feReRl Bton 1
i nventjon, can _transmt the eneratl ng force of th
tigneniiihecgenerating ferce to theimeal giApbraginfopuUtal Rd Smoothly at

met al di aphragm 8. Wen the plezoelectrlc el ement 13

the timeonben dee pigsoelectris elemeniJSl is @longated Kiee., is in an elongated
pi ezoel ectric elenent 13, the di aphragm presser 12 is
statehed down by the generating force of the

pi ezoel ectric el ement 13 through nediation of the up

si de bRlgurd & ig Begriphlshuvihgatiel ﬂe&t%@nsh@@eﬂfﬁ tisé dperating

ball 15 and the conical spring nmechanism 14; thus,

t%rhgeflﬁgf:@ afbapRr ag eﬁ:e'n%rﬁuﬁhﬁﬁh ‘BPVW Jﬁl :#P@ctﬁbdéen@cnt driven

ve seat 7c hat t net al ragm 8 makes

ﬁﬂ] taGirh P'\}éTVq(SieaéaéJ ob;ned wﬁm aTcII ?ﬁbct{a‘ﬂ%m in

ragm t vv|t

t ontrol valyve |nthesate of
a&%@‘é@c AR ihe fuessht. Fuantan ARG s o 'Qa%abeze&iﬂcif& element
with the val ve seat 7c, 25 the conical sprin
drixen Jmetah diappragm deantisd vites thab is m@re@ﬁapg&rwtfe;ra preload
portion of the piezoelectric element 13 and the
mechanismm Aeanpara fiosor bigure| mngamparedfwithea piezoelectric
pi ezoel ectric element 13, and the repulsion force in
ebmentddriven whetal diephdagml ecretne ntalve rigthatas ndteequippeehlwith a
spring 23 is applied to the seat part (i.e., the seat

pR&Ibhd GAEEHAMSS, tHhe pl\é&btélécfﬁﬁﬁéleﬁ@erﬁruh\%npﬁktalQ:flaphragm control
portion of the netal di aphragm 8 maki ng contact with

Va, YoRAGpPER i "yl by 24 SEoGicne win e
present invention, can transmit the generating force of the piezoelectric element
13 in a sure manner to the metal diaphragm 8.

When the piezoelectric element 13 is elongated due to voltage applied
to the piezoelectric element 13, the diaphragm presser 12 is pushed down by
the generating force of the piezoelectric element 13 through mediation of the up
side ball 16, the No.1 preload jig 26, the under side ball 15 and the conical
spring mechanism 14; thus, the metal diaphragm 8 is pushed down to the side
of the valve seat 7¢ so that the metal diaphragm 8 makes contact with the valve
seat 7c. In this position, the metal diaphragm 8 is making contact with valve

seat 7¢ so the control valve 1 is in the state of being closed.

After the metal diaphragm 8 has made contact with the valve seat 7c,
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nmet al di aphragm 8 and the val ve seat 7c are protected
from bei ng damaged because the |arge generating force
provi ded by the piezoelectric elenent 13 is not
applied directly to the seat part. On the other hand,
when the driving voltage applied to the piezoelectric
element 13 is released (i.e., is no |longer applied),
the piezoelectric elenent 13 returns to its original

| ength fromthe elongated, | ength state ogcurrin

tR i FaGR)| SRIlNG FRRCHARIST o1t PIRWCEH DEtBRDS s dowgr end part or
thrust force ap'oli_ed to the nmetal diaphragm 8 bg t he
Portiobef the piezoelestriselement pseand the éﬁ%@ﬁfgrﬁrﬁﬁ i & absorbs
nmetal diaphragm 8 returns to its original state due to
elongationasfi the ypiszoelaetrige elementapli, agndsthe repulsion force in
Consequently, the netal diaphragm8 departs fromthe

acabrdanseavitly thes displetendre lemgthl ofdheoricahspriagd23 rseapplied to
val ve seat 7c are not in contact with one another. In

thédiszap @airt (i®), thd bat b@rtﬁ@cbm,l:;ris@& aRe a8 Sesd7crand ROpart or
contact with the valve seat 7c, the control valve 1 is

poPtior} BE tisd ﬂﬁéiapﬁia%ﬁ'kér%? éﬁs’giﬁjgng Rontddt with e vgﬁg déat). As a

the fact that the ' co orce pressing t

r

B35 38p afisodeBrEngiinetl iR feld, faBNB5M KankBEralyg 1. the

chanism 21, th i ght of e piezoel ectric el ement
S 3ReRERgRA g Lenive 3eet 26 4t HRtdiE tiomibaita dgmaged
8. Consequently, the weight applied to. the netal .
b&Pa\é’Fﬁ thalasae gepreatingfoste PEP"N%@ e ity piezoeledliaplemeyih 13 is
presser 12 and a conical spring nechani sm 14, and does
nabapplied digectiyhte theisgiat padf t he pi ezoel ectric el enent
13. As aresult, it is possible for the piezoelectric

el emenOndrtheeotimert Handi, apihieagithe odtiving waltage 1 abplied fo the
reduce the weight applied to the netal diaphragm 8 at

PACISRE, S 115 B Rong 3141 K RrSPpicd i st
eHrAGRY A8M&urd4S B DIRYMAINRAGAT from the elongated length state
occurring while voltage was applied, and the corresponding thrust force applied
to the metal diaphragm 8 by the piezoelectric element disappears.
Consequently, the metal diaphragm 8 returns to its original state due to the
elasticity of the metal diaphragm 8. Consequently, the metal diaphragm 8
departs from the valve seat 7¢ so that the metal diaphragm 8 and the valve seat
7c are not in contact with one another. In this position, with the metal
diaphragm 8 not making contact with the valve seat 7c, the control valve 1 is in
the state of being opened.

At this time, due to the fact that the compressive force pressing the

piezoelectric element 13 upward is applied to the piezoelectric element 13 at all

times by the preload mechanism 21, the weight of the piezoelectric element 13
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metal di aphragm 8 fromdeterioration and inproving the
life of the netal diaphragm The aforenentioned

pi ezoel ectric elenment driven netal diaphragm control
valve 1 is provided with the preload spring 30 of the
prel oad mechanism 21 in order to pressurize the

pi ezoel ectric elenment 13 all the tinmes, wherein the
prel oad spring 30 is provided around the actuator box

. 10 and the conpressive force lied to the .
soPellore oot AEPLRCIS e metaheionbrian &: dSomspavently, e weight
t he g{ﬁel oad a%}.ust ment_nut 29 screwed to the No. 2
appliadotathe; metar diaptuagmed bggomesj enstahio thenweighs of adiepbragm
No. 2 preload jig 27 are positioned outside the

pressani 2 andaxcaricalspringtmechanismotd, maduw aeschdt limtludé the weight
actuator box, and the |ike, be upsized even when the

ofpthel miezoslpciricgeléMentd3a Aary restlita itis pobyibidfortthe pieroalectric
the conpressive force applied to the piezoelectric

elehrire @Pivéﬁ_rﬁé@nukpﬁrégrﬁ lconttol PavE ﬁqc?radaééltﬁ@mfeigqﬁ'abpued to

adj usted wi thout having to disassenble the contro
et SRR RO SN0 R RE el 8RR demgps om e
Vi8-8 Hie0 B ATl 108 SR AR B S prpventing the

30,,whi ch are di sposed around the 27 actuator box 10
mfe?f“ad'ﬁ'ﬂ F?&mtﬂaffsgfm BiRsiomRlon g BRPRONING: &b rlfe Qfathe metal
to be done relatively sinply and easily. Furthernore,
dipplragimzoel ectric el enent driven metal di aphragm

control valve 1 is constituted so that the conical

spri nd hee eferemantidned opipeoslestrich elenuiératpdrivgm metas siaphragm
hol der 22 which fornms the housi ng space having an open
cantrot valvart is propidedaditt theQbrefoti §HngSB0 ohfife préicddmREhanism

in the housing space of the diaphragm presser hol der

2P ordBP td pldssUfigé the pRiZRBREtR elehfert RSN fRCEMES, WhErein the
preioad spring 30 is provided around the actuator box 10 and the compressive
force applied to the piezoelectric element 13 can be adjusted by means of the
preload adjustment nut 29 screwed to the No. 2 preload jig 27. The preload
adjustment nut 29 and the No. 2 preload jig 27 are positioned outside the
actuator box 10 so that it is not required that the actuator box, and the like, be
upsized even when the preload spring 30 has a large elasticity. Furthermore,
the compressive force applied to the piezoelectric element 13 from the preload
spring 30 can be freely adjusted without having to disassemble the control
valve.

The piezoelectric element driven metal diaphragm control valve 1 is

provided with the No.2 preload jig 27 of the preload mechanism 21, the preload

adjustment nut 29 and the preload spring 30,which are disposed around the

27



upper nost coni cal spring 23, and the spring adjustnent
nut 25 screwed to the diaphragm presser holder 22 so
that it is capable of free vertical novenents
relative to the di aphragm presser hol der 22 in order
to adjust the repulsion force of the conical spring
23 and in order to prevent the ball rest 24 and the
conical spring fromcom ng off or falling out of

0sj ti,on he coni cal mechani
2GRty ki 1078 & frpaier A alidS RoROMbIL e Jis, sPtralvalye to be
the conical sprin 23 can be adjusted by adjusting
deneredativeny ﬁ@“&l!@ﬂ%@&ﬁw he spring adjustnent nut 25
SO that the repul sion force generated by the conical
spr i nd-urtheronord dhe pigzcetectric eleshgnidrivenunetah diapiragm control
replace the conical spring 23 with another one.
vefeadi isi ddrisyitutéd Isadthat thetcoklsal dpiing Atsiheeism Cldetemprises the
driven metal diaphragmcontrol valve 1 in accordance

dlﬂphﬂéghﬁlﬁrégs%?WdéNZEWHléﬁ‘ féﬁnﬁﬁié‘hbﬁuéiﬁ?%ﬁa%é Fa\df§ an open
control line, but not only with respec

U3 G20 S A BE OARRN Sbrites 28 Rladedth e ndheifly sBace of the
digfiiagh) bﬁ?ﬁfﬁ%‘?‘%@%u@ RS L rl%%La4 5418%%% S Rpgs e of the
28 S o1
USO8, FenispEsunG. 25 At dhe FRRg adismerb ok 28 s the
control valve characterized by that it conprises a
digpliifpgpy pregsen holden 22 socthat (t7is)capableof figst Yasticalamevements
a val ve chanber (7a') having an open upper end, a

retativalto thi disipheagm Eegssardicdderet? inrordeetooagjost the repulsion force
direction to a valve seat (7c) in a state that an

ofdhié eonjval spheg 23i andhier oider t@ plavede the Ball f@dti 2Dand the conical
contact with a valve seat (7c) by downward thrust,

sphing fEAOMIAY @ﬁ'drhﬁlhﬁgbﬁ?oﬁﬁ@éltléﬁ C) T C@HIC?' $pritig f&&hanism
elastic force when the thrust Is cleared , a
1£1s2PHARIB Y §5TRAt thbPepuiidifdred generated by the conical springs
23 can be adjusted by adjusting the clamping degree of the spring adjustment
nut 25 so that the repulsion force generated by the conical spring 23 can be

adjusted freely without having to replace the conical spring 23 with another one.

Feasibility of Industrial Use

A piezoelectric element driven metal diaphragm control valve 1 in
accordance with the present invention is mainly used for a gas control line, but
not only with respect to semiconductor manufacturing facilities but also for gas
control lines with respect to manufacturing facilities used in the chemical

industry, pharmaceutical industry, or food processing industry.
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on the upper face side of a netal diaphragm (8), an

actuator box (10) installed above a valve chanber

(7a') and its lower end part fixed to the side of a

body (7), a piezoelectric elenment (13) installed

i nside an actuator box (10) and thrusting a netal

di aphragm (10) through the nediati on of a di aphragm

presser (12) by elongating itself downward with the

application of voltage,_.a conjgcal spring nmechani sm

(14) provi ded between aS‘Eﬂpo?p‘Pi'!r(g%fﬂ‘presser (12) and a
i ezoel ectric elenent (13), absorbing the el ongation
tis plabpedissctric el enent (13) when a netal

di aphragm (8) mmkes a contact with a valve seat (7a),

1.appingrmaliy opeadype pétoeleatric eleonentgrivenpaetal daphragmnepntrol

a valve seat (7c) and a part nmaking a contact with a

valaé chasmbériZedChy tHat it cophprised @Dbdﬁgﬂ) With 2 vaink eeat (7c) on the
prel oad nmechanism (21) installed between a

bt ORIBCHT Cy A8 EHHmMIbR]7 2N thadingC aR 65én EL%J)eﬁgend, a metal

mechani sm (14) and around an” actuator box (
SRRRIT(SY s BBl B R CHRISHRATED TN 28 11 st
thaP B! PEip e R e BReRy Sl th kB A oA vith gvalve seat
3 By Bh i Bt ent S iR 4 of e
constituted that a prel oad nechani smconprises a
elastic farpe pdienthe thived isaalegried gfh6) diapbragmepregserecl?) nstalled
under a piezoelectric elenment (13), nmeking a contact

omthehupper fasewside pflafretal diaphragraz 8| arc acivatordb@oEll) installed
(13) through the nediation of a ball (16), a

alsule @dratveSdimnﬂBeﬂ\?a'Z) and @k dedlei ead (par) fixed tocthet sidéRf a body

outer peripheral face of an actuator box (10) wth
7 SRRl SRURERIL ) b gid ' il o 1) anc
ko' d RN 95 DB BT b presser
(ﬁfrbtyi (ezl%lnggﬁr\{ge rft%g}fsdo%ﬁv@grdt Dv?th the application of voltage, a conical
spring mechanism (14) provided between a diaphragm presser (12) and a
piezoelectric element (13), absorbing the elongation of a piezoelectric element
(13) when a metal diaphragm (8) makes a contact with a valve seat (7a),
applying a prescribed thrust to a seat part comprising a valve seat (7c) and a
part making a contact with a valve seat (7c) of a metal diaphragm (8), and a
preload mechanism (21) installed between a piezoelectric element (13) and a
conical spring mechanism (14) and around an actuator box (10), constantly
applying the upward compressive strength to a piezoelectric element (13), and
making the compressive strength applied to a piezoelectric element (13)

adjustable from the outside.
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| ongi t udi nal gui de hole (10c) fornmed on an actuat or
box (10), a preload adjustnent nut (29) screwed with
free vertical novenents along the outer periphera
face of the upper end part of No.2 preload jig (27),
and a preload spring (30) installed around an
actuator box (10) in a state that its upper end part
makes a contact with a prel oad adjustnment nut (29),
whi ch constantly pressurizes a piezoelectric el ement
(13) by pushing up No.1 preload jig (26), a coupling

pin (28) No.2 preload jig iﬁ;nndapreload

Zadﬁmrmuy open tyggplezpelactﬂ@e ent djpien mefal diaphragm control
pi ezoel ectric el ement driven netal di aphragm control

value ae caimeadain@din i <@ eonstituted tidatsa pretoad mashanisnntemprises
that a conical spring nechanism (14) conprises a

adiiepshaped pNesls prelbad diy (2@)2)nstdllech direvtly ueiler i¢zdedectric
fitted with a di aphragm presser (12) and a housing

elRR®ER ( 1%§b}né’b€|ﬁd1 é‘%on%?'\mﬁ’f‘%é 98wep érﬁ:e fARP aﬁgﬁezoelectnc

part is fornmed,” a plurality of conical springs
d f
oRhAaf ] P ¥y Medhlon érg %'Et“?‘)z% %32*?3@“'%%‘?99" No2
5 fac er
P%i?%%ﬁg el R T ] A% BB ek () with
1186 Verical sHeYerae®, SaRbring @Bk ipastieckih Nk praiekd jig (26)
screwed to the outer peripheral face of the upper end
apchNo. gfprelogiddishiZdy in @:tl@rgygﬁ statede conpechNed prelead fig (26) with
vertical nmovenents to adjust the repul sion of a

Nocéhipreloaspijign{27)23ip tmavel twithprfese nterticdlaimoversenté24ajong the
and conical springs (23) fromcomng off, thus making

longitpdinal Ruidd Nedle t (1@cY ebrhed 0on Oan sactgior abos Rrionga preload
(23) is adjusted by nmeans of adjusting the clanping
adl@8heentChul (3P sEewdd With"hBE WHichP mloveRdents along the outer
peripheral face of the upper end part of No.2 preload jig (27), and a preload
spring (30) installed around an actuator box (10) in a state that its upper end
part makes a contact with a preload adjustment nut (29), which constantly

pressurizes a piezoelectric element (13) by pushing up No.1 preload jig (26}, a

coupling pin (28) No.2 preload jig (27) and a preload adjustment nut (29).

3. Anormally open type piezoelectric element driven metal diaphragm control
valve as claimed in Claim 1 or Claim 2 so constituted that a conical spring
mechanism (14) comprises a diaphragm presser holder (22) which lower end
part is fitted with a diaphragm presser (12) and a housing space (22b) with an

open end top on the upper end part is formed, a plurality of conical springs (23)

placed in the housing space (22b) of a diaphragm presser holder (22), a ball
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rest (24) for a ball (15) placed on the upper face of the uppermost conical spring
and making a contact with No.1 preload jig (26) of the preload mechanism (21)
at the center part of the upper face, and a spring adjustment nut (25) screwed to
the outer peripheral face of the upper end part of a diaphragm presser holder
(22) with free vertical movements to adjust the repulsion of a conical spring (23)
and to prevent a ball rest (24) and conical springs (23) from coming off, thus
making it possible that the repulsion of a conical spring (23) is adjusted by

means of adjusting the clamping degree of a spring adjustment nut (25).
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