SPECI FI CATI ON Pl EZCELECTRI C DRI VEN CONTROL VALVE
Techni cal Field [0001] The present invention rel ates
to i nproved piezoelectric driven control valves that
are used as control valves in pressure type flow
control devices, or in flow control units of a nmass
flow controller, such as are provided nmainly in a gas
control line of sem conductor manufacturing equi pnent,
or the like. In partiswéﬁ”qéﬂ?uﬂﬁesent i nvention
relates to a piezoelectric driven control valve that
relieves a tensional force applied to a piezoelectric
el ement when a piezoelectric actuator is retracted so
as to preveplEZOELBICHRIE BRIVEN CONTROL VALOME bei ng
damaged and the piezoelectric driven control val ve
makes possi ble high-precision and stable flow contro
even under hi gh-tenperature environnents using
Teuhgiical Eigddr at ur e reacti on gases. Background Art [ 0002]
In recent years, pressure type flow control devices
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environments using high-temperature reaction gases.

Background Art

[0002] In recent years, pressure type flow control devices have been widely
adopted in place of mass flow controllers, for example, in semiconductor
manufacturing equipment and chemical manufacturing equipment. Pressure
type flow control devices generally adopt a so-called “metal diaphragm type”
control valve due to its advantages of higher corrosion resistance, lower dust
generation, better gas replacement, and higher opening and closing speed.
Also, pressure type flow control devices generally adopt a piezoelectric driven
type drive unit (i.e., a piezoelectric actuator) due to its advantages of larger
thrust, better responsiveness and controllability.

 [0003] The structure of metal diaphragm type control valves, in which a



Application No. 2003-120832 (Patent Docunent 1), etc.,

for exanple. [0004] That is, as shown in Fig. 11, such

a metal diaphragmtype control valve 30 is forned as

a normal close-type piezoelectric driven control valve

including: a body 31 wth a valve chanber 3la and a

val ve seat 31b forned therein; a netal diaphragm 32

di sposed inside the val ve chanber 31la to be in contact
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Apphieatian Nion §0aa4208623 Paterdzoalinidre 1hpeic. Jor examptee

presser 35 for fixing the holding adapter 33 and the
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pi ezoel ectric actuator 40 via a bearing receiver 41

spif Bage @At NBe 4bdy MeaAi dctaxtoentsixoB6 auppoeted ascendably and
pi ezoel ectric actuator 40 due to application of a

desckhagiely dausies Hase prasset @5; wxligthragmapoesser\3v lirserted and
supported by the base presser 35 against the elastic
instalied abthe lnaverti erd epitiengctastas daxs3G sp ascioobelim golytact with the
cause the netal diaphragm 32 to be separated by
m@ﬂa&ﬁtap&\ra@mc&m@%‘ospmmgﬁﬁ rewides) hetwees: th slsrt!ﬂ a@ée 34 and
e valve is opened. On the other hand, e
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bo?cngﬁ with the lower end thereof supported on the split base 34 via a ball
receiver 39; and an adjustment cap nut 43 threadably mounted on the upper
end portion of the actuator box 36 so as to positionably support the upper end
of the piezoelectric actuator 40 via a bearing receiver 41 and a bearing 42,
wherein extension of the piezoelectric actuator 40 due to application of a
voltage causes the actuator box 36 to ascend while supported by the base
presser 35 against the elastic force of the disc spring 38 so as to, accordingly,
cause the metal diaphragm 32 to be separated by the elastic force thereof from
the valve seat 31b and the valve is opened. On the other hand, the removal of

voltage applied to the piezoelectric actuator 40 causes the piezoelectric




at the same tine, the actuator box 36 is pressed down
by the elastic force of the disc spring 38 to
accordingly cause the netal diaphragm 32 to be pressed
downward by the di aphragm presser 37 so as to cone
into contact wwth the valve seat 31 b and, thereby,
the valve is closed. [0005] The piezoelectric driven
control valve 30, in which the axial center of al

h | i d icald h h
aciohROJ8 "nEE % S ol iendt P HRbHBRLPT Y Sxbafed state and,
~ b it AR AR R oo o e
aSE % BLASTIURRNE ol 18 RET QBpRAREER G roseed
dorv&rel BY the GWiashré@hP préRcpZor RBSAS 1O MRme HoUsSittabN with the

the piezoelectric “driven control valve 30 is a
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leading end of the casing 40a, reciprocates along the axial center of the
piezoelectric actuator 40.

[0007] However, the stacked-type piezoelectric actuator 40 suffers from a
problem caused by the fact that the extension and retraction rate of the
piezoelectric elements 40b is greater than that of the displacement member 40c
when the piezoelectric actuator 40 is extended and retracted, which causes a
tensional force to be applied between piezoelectric elements 40b adjacent each
other when the piezoelectric actuator 40 is retracted, which causes damage to
the piezoelectric elements 40b and shortens the product lifetime. To address

this problem, it is necessary, when actually operating the stacked-type

piezoelectric actuator 40, to apply a precompression load to the piezoelectric



el ements 40b in the retraction direction because the

pi ezoel ectric elenments 40b have a | ow tol erance for

tensional force. The application of the

preconpression load in the retraction direction

relieves the tensional force applied between

pi ezoel ectric el enments 40b adj acent each other to

prevent danage to the piezoelectric elenents 40b from
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application of a large tensile stress. [0009] The
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[0009] The conventional piezoelectric driven control valve 30 suffers from
another problem in that when it is used under a high-temperature environment,
such as at a temperature of 100 degrees C or more, a gap forms between the
upper end portion of the piezoelectric actuator 40 and the adjustment cap nut
43 threadably mounted on the upper end portion of the actuator box 36 due to
thermal expansion of the actuator box 36 that houses the piezoelectric actuator
40. This gap causes a generation force, when the piezoelectric actuator 40 is

extended, to not be transmitted reliably and successfully to the actuator box 36,



4 whi ch makes high-precision flow control difficult.
In particular, because the anmount of displacenent of
the piezoelectric actuator 40 is extrenely small,
even a slight amount of thermal expansion of each
menber (e. g., actuator box 36) in the control valve
30 wll have a great inpact on the flow contro
characteristics of the conventional piezoelectric
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Means for Solving the Problens [0011] In order to
achi eve the foregoing objects the invention according

A, BkBlch . JohorB6E s SHh Ll Bafon o

zd@gdwgygzvl ded with a val ve seat fornmed at a bottom of
an 5 upward-opened val ve chanber; a netal diaphragm
di sposed inside the valve

Disclosure of the Invention

Problems to be Solved by the Invention

[0010] The present invention has been made in consideration of the
above-described problems, and an object thereof is to provide a piezoelectric
driven control valve in which tensional force applied to the piezoelectric element,
when the piezoelectric actuator is retracted, is relieved in order to prevent
damage to the piezoelectric element as well as to make possible high-precision

and stable flow control even under high-temperature environments.

Means for Solving the Problems
[0011] In order to achieve the foregoing objects, the invention according to
claim 1 of the present invention is directed to a piezoelectric driven control valve

that includes: a body provided with a valve seat formed at a bottom of an




chanber so as to be in contact wth the val ve seat

t hrough application of a downward pressure and so as

to be separated fromthe valve seat due to an elastic

force of the netal diaphragm when the downward

pressure force is absent; a bottoned tubul ar actuator

box supported to nove ascendably and descendably on

the body and the actuator box has a di aphragm presser
uptasgapenmedt valvé @hambmr aofetdi adiaphnagio dispmsedoinsidat the valve

the di aphragm presser is in contact with an upper
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dostrovaydt pressuriedanthsoeas hatbe sepdrgtatetiromthe palvemaatgue to an

wal | of the actuator box at a | ower end portion of the
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the piezoelectric actuator is extended upward wth

achpRbi Bak s6hsab facy ahtuggerisarfapé of adiRrint wallalfane attuatdr box;
the piezoelectric actuator so as to press the actuator

a Aixc spivey progded Hetwaenl thet battdmrwall af thbeactustor dund agd the
so that the netal diaphragmis separated fromthe
upper vallsefahedipdit base se asl taspriess fandogrgefthe lestwaton box downward
di aphragm and a preconpression nmechani sm for
soapp ity ibiggatheomstalsdipphragnviinte easiastawith he daé\feeseat usmg the
pi ezoel ectric elenments in the |ezoelectr|c actua
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pd%:tsona%}y atr\ %nl}p;p%rr] e'n% oq'tﬁee S uatorobox and wherein a lower end of the
piezoelectric actuator is supported on the upper wall of the split base, wherein
the piezoelectric actuator is extended upward with application of a voltage to
piezoelectric elements of the piezoelectric actuator so as to press the actuator
box upward against an elastic force of the disc spring so that the metal
diaphragm is separated from the valve seat due to the elastic force of the metal
diaphragm, and a precompression mechanism, for applying a compression
force constantly to the piezoelectric elements in the piezoelectric actuator, is
provided between the upper wall of the split base and the lower end of the
piezoelectric actuator.

[0012] The invention according to claim 2 of the present invention is directed to



a piezoelectric driven control valve that includes: a
body provided with a valve seat fornmed at a bottom of
an upwar d- opened val ve chanber; a netal diaphragm

di sposed inside the valve chanber so as to be in
contact with the valve seat through application of a
downward pressure and so as to be separated fromthe
val ve seat due to by an elastic force of the netal
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so that the diaphragm presser is in contact wth an

sappatedstorh ahe vafvet Seatticato 15l 8RR fordd of the metal diaphragm
pi ezoel ectric actuator housed inside the actuator box,

wheére thee doamwapg ressuteddred eapsempal tabular @chedtonbok disposed
supported positionably at an upper end portion of the

ahoyeutheovalve chambentvdtte arlower @ndr partidn aif theeactuator box fixed to
pi ezoel ectric actuator is supported on the stem and

the hadyhissteny dispeserhité myove ascendalely ard \Wesnendablyppside the
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(i.e., at all tinmes) to the piezoelectric elenents in

the hléemlediwlhe@gmi coaEisuattor contaet ewith t the valve seat, the metal
preconpressi on mechanismis provi ded between the | ower
diaptwagm shsorbs extension of the piezoelectric actuator so as to apply a
predetermined pressure force to a seat member comprising the valve seat and
a portion of the metal diaphragm that is in contact with the valve seat, and the
piezoelectric actuator is extended downward with application of a voltage to
piezoelectric elements disposed within the piezoelectric actuator so as to press
the stem and the diaphragm presser down via the cushioning disc spring so that
the metal diaphragm is brought into contact with the valve seat; and a
precompression mechanism applies a compression force constantly (i.e., at all

times) to the piezoelectric elements in the piezoelectric actuator, wherein the

precompression mechanism is provided between the lower end of the



7 piezoelectric actuator and the cushioning disc
spring. [0013] The invention according to claim3 of
the present invention is as set forth in claiml, in
whi ch the preconpression mechanismis conposed of: a
shaf t - shaped preconpression part provided with a
flange di sposed so as to nove vertically directly
under the piezoelectric actuator and within the

pi@idiedtAt acheior AMEIRI cushioning discegitiriggce of the
preconpression part is in contact with a displacenent
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pi ezoel ectric actuator, and wherein a | ower end face

in oflairhe1 priecwhjohe 43¢ opresanpression ontesbanishne isi compheed of: a
upper wall of the split base; and a preconpression
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shaft-shaped precompression part provided with a flange disposed so as to
move vertically directly under the piezoelectric actuator and within the actuator
box, wherein an upper end face of the precompression part is in contact with a
displacement member provided on a lower end face of the piezoelectric
actuator, and wherein a lower end face of the precompression part is
contactable with the cushioning disc spring; and a precompression disc spring
is provided between the flange of the precompression part and a stepped
portion formed on an inner peripheral surface at a lower end portion of the

actuator box and, when the lower end face of the precompression part comes

into contact with the cushioning disc spring, the precompression disc spring



into contact with the cushioning disc spring, the
preconpression disc spring 8 presses the
preconpression part elastically upward so as to apply
pressure constantly to the piezoelectric elenments in
the piezoelectric actuator. Effects of the Invention
[ 0015] The piezoelectric driven control valve,
according to the present invention, includes a
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thé PIEYoRRI elePh&rfts GR 'ﬂﬁ‘é %YHzlo)élédi’nct. Estu%'t@rzf?&Jn%E rtéﬁsno nal force.

el enents in the piezoelectric actuator using t

Thi fezbuie GRXBk ARveRioeH s BxtendRE Gfdtinge of, rbrﬂﬁéﬁétﬂﬁrtﬁé reliability
with the piezoelectric driven control valve of

of pthes gidzoelwetriti attuatorgenisat e giezasle®tdid BGven control valve,
transmtted reliably and successfully to the actuator

acboding te iike presgntiihvertical, liovladésra pregionpressiohanethanism for

(‘

applying a compression force constantly to the piezoelectric elements in the
piezoelectric actuator so that even if the actuator box housing the piezoelectric
actuator is lengthened due to thermal expansion when the control valve is used
under, for example, a high-temperature environment, then the piezoelectric
actuator can apply a certain compression force constantly to the piezoelectric
elements in the piezoelectric actuator using the precompression mechanism.
Therefore, in accordance with the piezoelectric driven control valve of the
present invention, a generation force can be transmitted reliably and
successfully to the actuator box or the stem, which allows for high-precision flow

control, when the piezoeiectric elements in the piezoelectric actuator are




control, when the piezoelectric elenments in the
pi ezoel ectric actuator are 9 extended. Furthernore,
in the piezoelectric driven control valve according to
the present invention, the preconpression nmechanismis
conposed of: a shaft-shaped preconpression part
provided with a flange di sposed vertically, novably,
and directly under the piezoelectric actuator and
extéridedn tFetheeinedé,oih theopiezedlecticnditiven cppieol ealde faacerding to
of the preconpression part is in contact with a
theli prelsene ieventioBpbibe prexonoieréssiont eedhaneam eisd compesefl of: a
the piezoelectric actuator, and wherein the | ower end
shifteshapiedt precpmpresgior rb prevded iwith @ofiange aisposadt vertically,
the upper wall of the split base or the cushionin
meNahly,spnd directiynnndar fhe iganeledrio aciiater apdi withinsthe actuator

provi ded between the flange of the reconpr essi

bolgaMheERIR the $IPBEPEAaFe Pb NG BraROMRIRSHRB Rafhisrin contact with a
At i 308 B LS 2 Bl SoR b A, My Wizpotcti
ac g B 5 OB, SOUBE, S SaEH e ookl por i
co SRR yBht VBYSHHG S11 ae & Gl AL Bkc sring

an?jlo%tsﬁ]airé?&irh%reléﬁwﬁr it s gﬁgte amaa%@rmbﬁ AROSARE! ¥f the

e pl ezoel ectric € nts'in the piezZoel ectric
pré&dHptsionVpRFe BYd COMRESSSd Hbrlieh F8rABA! 68 dhe GinhBE peripheral

pi ezoel ectric elements in the piezoelectric actuator

suffaBe bt thejcwéeend bealon Sthehangatdy boResoihab emhedfthe lower end
preconpression disc springs. In addition, the

fage ©f ¢ pesSorapras.imapant oddes inte castativithdthieeLppenveiall of the
easily and without difficulty because only a

spiit basenor dbsicoshjoning disd sprimge therpppeswall ofi the spiit ibage or the
are provi ded between the upper wall of the split

cushisaing dischepring pressesthei precompressionmart ﬁl@SB@aibfr upygrd so
face of the piezoelectric actuator when assenblin

asgpaRity PESSUS conlantiy ta e PF@‘P'GBELCC*P'PB@“&%'rbﬂ"etmg%;gﬁe“tric
o, el bl o8 AR A b2 iements i
the piezoelectric actuator can be adjusted freely by changing the number of
precompression disc springs. In addition, the precompression mechanism can
be assembled relatively easily and without difficulty because only a
precompression part and a precompression dis¢ spring are provided between
the upper wall of the split base, or the cushioning disc spring, and the lower end
face of the piezoelectric actuator when assembling the precompression

mechanism.

Brief Description of the Drawings
[0016] Fig. 1 is a longitudinal sectionat front view of a pressure type flow control

device employing a piezoelectric driven control valve according to a first

10



devi ce enpl oying a piezoelectric driven control valve
according to a first 10 enbodi nent of the present
invention; Fig. 2 is a longitudinal sectional front
view of a substantial portion of the piezoelectric
driven control valve according to the first enbodi nent
of the present invention; Fig. 3 shows the
substantial portion in the piezoelectric driven

erﬁlﬁ&ﬁ iffint of e Vﬁ eg%f,fg{vghg%%to the first enbodi ment of

resen is a |ongitudinal

sect F@“ﬁ sS4 thB@WEE)%E&r &JI tfr%nﬁ)'vws# S fs‘l:ar"f}f:atl #Bttﬂnrn of the

i's preconpres Iew o

plé’ﬁ)%ﬂectl‘_‘b gdrnﬁ-:-ri %oﬁtr%?%‘l@@cc&d?ﬁ# %Oﬂfé triR& lehﬂfbd‘}néng n‘?)f the

I'ongi tudinal sectional viewo

pragémah@éntmp( Fig. 7 is a sectional view along the
line B-Bin Fig. 6; Fig. 8 is a graph show ng the

r el aFigRres Bhpwbetheesiibstastis J‘s‘tﬂh@ﬁQﬁHﬁé ézodlBetrisCdrilainotontrol
box and the voltage applied to the piezoelectric
vabed, usdaording tohéhe fdirsiz emibediment of itkhenpresaht Mventibke and is a
with a preconpressi on nechani sm incorporated therein;
lomjitydirgali ssecticoabi siddi naiews ebefaraal thier opiezgélestrinf actuator is
pressure type flow control device enploying a
pre¢empeassedi i ¢ driven control valve according to a
second enbodi ment of the present invention; Fig. 10
is a |goﬁgsmaﬂmevgeéauamh as$eiont vi ew of a

subs ortion of the |ezoelectr|c driven
cont av‘gec;'ﬁa VieY aipRg tl‘ge ling A-Adn Fig 45
fron tanti al

L&”?F S 2of @@tﬁwﬁﬁfﬁe&ﬁgna‘&'@%ﬁﬂaéb@&p@*'oaia%n

CO 8, 1 e s B g 0 e

(pi egfy @oé'é igPAIH Showing the relationship between the displacement of
the actuator box and the voltage applied to the piezoelectric actuator in the
piezoelectric driven control valve with a precompression mechanism
incorporated therein;

Fig. 8 is a longitudinal sectional front view of a pressure type flow control
device employing a piezoelectric driven control valve according to a second
embodiment of the present invention;

Fig. 10 is a longitudinal sectional front view of a substantial portion of the
piezoelectric driven control valve shown in Fig. 9;

Fig. 11 is a longitudinal sectional front view of a substantial portion of a
conventional piezoelectric driven control valve; and

Fig. 12 is a schematic longitudinal sectional view of a piezoelectric

actuator (piezo-positioner).
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11 Description of Synmbols [0017] 1: Piezoelectric
driven control valve; 8: Body; 8a': Valve chanber; 8d:
Val ve seat; 9: Metal diaphragm 11: Split base; 11b:
Upper wall of split base; 13: Actuator box; 13a:
Bottom wal I of actuator box; 13c: Cuide hol e of
actuator box; 13d: Stepped portion of actuator box;
14: Di aphragm presser; 15: Disc spring; 16:
Pi ezoel ectric actuator; 16a: Displacenent nenber of
pi ezoel ectric actuator; 20: Preconpression nechanism
Dedtripfoeob8ymimds on part; 2la: Flange of
preconpression part; 22: Preconpression disc spring;
[oQt7] &t E’mzo@kctrlmﬂheommgwwsbles@r|Btg1y, Best Vabreechamber 8d:
Carrying Qut the Invention [0018] Enbodi nents of
quveegeat 9:rVletal idieptwaom; Hel: Mk hase; Hébdémelfb’é%“ phspllt base;

det a wth reference to the draw .n

135 ASHAIPBOK: 535 B Walhoh SPURRIADK 126s G Eoteoofaactuator
Do 123ck SIGROFE AN (2 CPtBalar Y lﬁ%e@@pﬁw SBsSdy ds: Disc
spaﬁﬁvah BlfadeifetS asiiaors1ed fo gttt oS 18 et

RRECHE PR Tl oo RREG . 210
FI%{?%Sfb?&o%pﬂeggloﬁoﬂ\é}itéfqme%b rQésAB? %?ﬁﬁ’rﬁ% rS’St‘ém 27:

en"control an ori ont'rol
l%rkﬁ’é(r‘nﬁ qj,&ns downstream side of the piezoelectric
rrven contro valve 1; a pressure sensor 5 provided
on the upstreamside of the orifice 4 to detect the
upstream si de pressure of the orifice 4; a gasket
Bdst Made for[@ating Ounhé evemtiohr eam si de of the
pi ezoel ectric driven control valve 1; and a control
[0@1 8]c BEimbodihentsc ohthen Iprésent tineenticr vl beteinafterdbe vdgscribed in
control valve 1, in which the flow rate of passage of
dettailiivetht meiangm:et fie ther dravgegs.s Eig. clilshoses @a@@zogﬂeom@ driven
upstream side pressure of the orifice 4 and, at
costreb valvie,1 @ssording @ By fisgeambgdiment: ohstheg pf@?@nt mventlon

i ezoelectric driv
eneploye in a pressure ?ype ]fl%w control device. The pressure type flow

control device includes: the piezoelectric driven control valve 1; an inlet port
block 2 connected on the upstream side of the piezoelectric driven control valve
1; an outlet port block 3 connected on the downstream side of the piezoelectric
driven control valve 1; an orifice 4 for flow control provided on the downstream
side of the piezoelectric driven control valve 1; a pressure sensor 5 provided on
the upstream side of the orifice 4 to detect the upstream side pressure of the
orifice 4; a gasket filter 6 provided on the upstream side of the piezoelectric
driven control valve 1; and a control circuit 7 for controlling the piezoelectric
driven control valve 1, in which the flow rate of passage of fluid through the
orifice is calculated based on the upstream side pressure of the orifice 4 and, at

the same time, controlled by opening and closing the piezoelectric driven

12



control valve 1. [0019] As shown in Fig. 2, the

pi ezoel ectric driven control valve 1 includes: a body

8 provided with a valve chanber 8a' and a val ve seat

8d fornmed therein; a netal diaphragm9 di sposed

I nsi de the val ve chanber 8a' so as to come in contact

with, and separate from the valve seat 8d; a hol ding

adapter 10 for pressing the outer peripheral edge of

t |, diaphragm 9 air-tightly toward the body 8;
mgﬂgﬁpgpgﬁhse 11 for pressing the hol ding adapter 10

ORFHE, SARI8 02 i BRSoBEERE o LSy 8 4 s
oy 8 RAETS BB O O B BBRBI i v

msamts? ﬁﬁ&ﬁ%bﬁ{ QbQPép$§eé‘$ﬁ§Hg qhgy\aéw chapRsENgiably a%gfbeéome in

in the base presser 12; I aphragm presser

coritastr witld, and si.eg)%Pélb' Rematthé ReaNe'$Bht 889 0holdiiRy adapter 10 for
actuator box 13 so as to contact the nmetal diaphragm

pr@ssiagdthecouter pagpierapiedyge dsfdthbaneRe Midpieraghl dtaibagktyl loward
and the actuator box 13 so as to press and urge the

thadiodyt&ira bplit HesedbWfovgprdssiag the dridding Gdaipteratd tavard the body
(pi ezo-positioner) 16 housed inside the actuator box

8; 1B bage tpnesder 12 farrfixingl thd holdingiadaptdrel and thetsplit base 11 to
16 supported on the split base 11 via a

ther leedn$: & Siodlemed tubulan actuaier boxpt 8 ssuppertedc Aseendably and
20; an adjustnent cap nut 19 threadably nounted on

desgendaplyrbe e posei reseer 1Reso e astuatobex 113 ascendably and

iti bl t . th d qf the,

oA S et BERFL b “a4BE oSS o amumaay mrpsor 14

inted a0 dbafed AL L3F fonket R et IEF PG BX icsa ge fp contact

G35t Apiary % f AE 30 3 I BUSAGRER ho i ase 1 anc

thé UeSABF b¥x (13 Q? asHb ﬂn%%?arﬁf u@g‘ the Qﬁﬁ)atc}r.ooox 13 downward; a
pi ezoel ectric elenent's 1n the “piezoelectric actuator

pidfoelédirié JBNMNSF (fni@ﬂb-ﬁﬂsﬁkﬁ:@?ﬂémdoﬁwsﬂéethe actuator box 13
pi ezoel ectric elenents in the piezoelectric actuator

wittbitRvier drnef eitnpidzeeretridaci@itdr B8 suppdrted®i®e split base
t hat makes hi gh-precision and stable flow control

1peisidlpeecomprassiber pahti gh- bEnperedompression emeatzingsm 20; an
enpl oyi ng hi gh-tenperature reacti on gases.
adjustment cap nut 19 threadably mounted on the upper end portion of the
actuator box 13 to positionably support the upper end of the piezoelectric
actuator 16 via a bearing receiver 17 and a bearing 18; and the precompression
mechanism 20 is provided between the upper wall 11b of the split base 11 and
the lower end of the piezoelectric actuator 16 so as to apply a compression
force constantly {i.e., at least at all times) to piezoelectric elements in the
piezoelectric actuator 16, in a manner that prevents damage of the piezoelectric
elements in the piezoelectric actuator 16 due to tensional force, as.well asina

manner that makes high-precision and stable flow control possible even under

high-temperature environments employing high-temperature reaction gases.
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13 In the present enbodi mrent of the invention, the

pi ezoel ectric driven control valve 1 is forned as a
normal cl ose-type control valve. [0020] Specifically,
as shown in Figs. 1 and 2, the body 8 is made of
stainless steel and is forned in a bl ock shape, which
i ncludes a recessed portion 8a formng an

upwar d- opened val ve chanber 8a', a fenmale screw 8b

In fiee Besent eibdimBat olﬂftheplheéﬁﬂloﬁuﬂ'feap%zabldchﬁ: driven control
recessed portion 8a, an inlet passage 8c

vaienmgioeabd 38 avhbimalcosatype oirtrddealv@a’ , an annul ar
val ve seat 8d formed on the bottom surface that

[0GR0]i Bpecifitallyy alsvehowrairbBigs8d' anchB, the bedy Bassagee @éstamless
communi cating with the val ve chanber 8a', a sensor

steaisaral isafororechin @ Brockrshap&:hNhtahpnetsIdQSea gepessedsppdion 8a
inserted and installed, a filter installation hole 8g

formingitare kpwerd-ogasratvalve chamber $4'na defmale SREEW Bb formed on
install ed, and an orlflce installation hole 8h

thewinrer BeriRfisral surface of thectacegsemhPorini 4a & ir&ﬂ pawsage 8c

R St e i
0 Y S B s 5L Yok OBt 8h, 4 b pAece oo

coBfRARESAST whh thE SaRRhdinndr 84| & REnkBEHIBLORRAPEEIN which
a ‘P'%§§age %‘féofrl ﬁg dﬁsé&e@f%m Oﬁst@lféd‘ %rfllféﬂ‘?ﬁéiélr&ﬁn%ole Sg in which

stream si de

thé a@%élofllfé?@%chggneél'%n@lgmsfﬂﬂbﬁ' Bh@& PObriffcel m@falléhéﬁ\ﬁhollé‘ 8h in
raw ngs), with the stainless steel outlet port

wmér@@h Gifidead id Nifsendesard MstdllRal JOP#s%s apstréam side, the body 8
communi cating with the outlet passage 8e of the body

is Sonmected ) dding mulkplelDadtisi (oot slodven dbtHeodramdngs), with thalstainless
side of the discharge passage 3a, and a | eak port 3c
stéeﬂ rinleh pokti bigck arthakmkchglesain irfttogiudtion @@gs@ge\gammmumﬁating
and 2, the nmetal diaphragm9 is fornmed by a
with &eantempaspagg 8c whthe bedw Shadittey installasios, hole 2b formed on the
corrosi on-resi stant, and heat-reS| st

ouielside. af the m{groglpp@cgp passage 2gprRON &gk pgrt 2¢ for checking for
oakarmii P 8, o Baro Sie. di POy AR A5G fAapeeetpr. using
mt?lgpfe boﬁs ?not shown in the drawings), with the stainless steel outlet port
block 3 that includes a discharge passage 3a communicating with the outlet
passage 8e of the body 8, an orifice installation hole 3b formed on the inlet side
of the discharge passage 3a, and a leak port 3c for checking for leakage of
fluid.

[0021] As shown in Figs. 1 and 2, the metal diaphragm 9 is formed by an
ultra-thin plate made of a highly durable, corrosion-resistant, and heat-resistant
highly-elastic alloy (e. g., SPRON 100), a nickel-cobalt-based alloy added with
tungsten, molybdenum, titan, and chrome, etc., and is shaped in an inverted

dish shape with the center thereof being swelled upward. The metal
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di sh shape with the center thereof being swelled
upward. The netal 14 diaphragm 9 is disposed inside
the recessed portion 8a so as to face the valve seat
8d and the outer peripheral edge thereof is held and
fixed in an air-tight manner on the body 8 using the
hol di ng adapter 10. The netal diaphragm9 is brought
into contact with the valve seat 8d through downward

SRR b e SRS RTRRA AR h  Htb v
sélés?%r?g?iqgvtﬁ%don{féreﬁﬁHérE?lfafrégge' tmeléébﬁn‘tlg(ﬂelﬁ an daﬁgegf‘m ]anlélr-tlght
mahRbMGE Be BLEES: uél tﬂ'lfl%"\oldﬁf Qflﬁgbm I ?}ﬁe%?@&gﬂgm 9is

may be fornmed by mi e Nne |apragrrs

bregNintd cbhiiet \Aﬁhhatﬂ@ valvé BeahsH thtﬂlgﬂd&mﬁwaﬂcppfe?ssure and is
formed in an annul ar shape, is nadé of stainless

tosbeeserardtdds fions ahkedalvdt Sedth8dr B¢ ahgedlashorforad ofathef metal
the body 8 so as to press and fix the outer peripheral
digplyagaf whiee theeteawnwarppresgoreSfdroe &nlost (i-d.] gbsenthnni¢is noted
toward the body 8. [0023] As shown in Figs. 1, 2, 4,
thahthes metaledimphragr & endyl besmadepifsstdintdssasteel, rincoriel, or other
hal f-split base pieces 11', and is held and fixed on
allphister)dgne may be semsd by multipleraelatdiapheagmsi t base
BI eces 11' on either side at the | ower end portion of
0PZe Ascs M%r'nbﬁiﬂslé aﬁds%,cr:hea h‘?%ﬂ@rafiﬂptﬁrs,wolsf fesmed in an
each ot her and, assenb| ed st at e,
wiﬁfeﬁ%@% §pmasieba étqsn!@&%sstﬁl aaﬁdst'ﬁ§e'lt%/él"t°eﬁ?ﬁ recessed

oG G 4 o o el o
m‘?@ﬂd% hagh € 4 ?ﬂ?ﬁiﬁgﬁa@gﬁ%‘sﬂq Lk e

OLEPAS TR g8, 0575 1kl P Sy

of%épli@bbb@%é&é%‘ 11 PSﬁH'lé’Hefﬁla fi R%@ olr'lptlﬁérbcﬁﬂ/jS % assgmbllng

fornmed as an upper wal i ns
thé aég:ei:tngéls%ﬁt baée pibdes tihabnieithbp siddat tﬁe%\ﬁepéﬁd PBRIGH of the
wal | at the Iower end portion of the actuator box 13
actuatas Hox figcin sheh uppaanaer fsacasofo fése keichobthakadhd, in this
13a of the actuator box 13, while the |ower end of
asshimbled statertmedeapedtive split base pieces 11" and the lower end portion

of the actuator box 13 are inserted into the recessed portion 8a of the body 8
and then the lower end portion of the base presser 12 is squeezed (threaded)
into the recessed portion 8a. The respective split base pieces 11’ of the split
base 11 are formed by half-splitting a body that includes a short cylindrical
portion 11a, the upper end of which is formed as an upper wall 11b to be
inserted into a guide hole 13c that is formed in the peripheral wall at the lower
end portion of the actuator box 13 so as to face the upper surface of the bottom
wall 13a of the actuator box 13, while the lower end of which is formed as a
flange portion 11c to be inserted into the recessed portion 8a of thé body 8.

Multiple disc springs 15 for pressing and urging the actuator box 13 downward
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flange portion 11c to be inserted into the recessed
portion 8a of the body 8. Miltiple disc springs 15
for pressing and urging the actuator box 13 downward
15 so as to bring the center of the netal diaphragm9
into contact wwth the valve seat 8d using the

di aphragm presser 14 are then provided between the
upper wall 11 b of the split base 11 and the bottom

sowas ko biagahet demt@coliticometaixdiaphradn®@2ikto Asntdvdwiith the valve
Figs. 1 and 2, the base presser 12 is made of

sest 8dnisisg thetdémdhragah presker M darerthan qyrbiidedi leetiveshahe, upper
and on the outer peripheral surface at the | ower end

wallot th ohthersplibbaisé 4 1fandhthe otteah evadlck3anofithe actudter box 13.
engaged with the female screw 8b formed on the inner

[0%%' gﬁeeiwwrsm figse bandhd thecbasedrepssrt 121s saadg of istainless

On the inner peripheral surface of the base

stcfﬁl@wels formecﬂrtn aicylirdrea ﬁﬁgee 2ang,pR the putey Fbﬁr'ﬁh@gqhsyrface at
intervals. The base presser 12 is fixed, thr dab

the e ead ltiof RGTBAT aldBmedha ele, 122'4q Bcehanged with

st iasitickoy ag U blct g
o 4 T, SR B TIRE g rsor
R 085 e A Sy R Sk 121
flxba ethre%ﬂfa'biz P\atjﬁ% geEMEQrﬂdﬁeSé’ R Yhe boB? @l a @?ang}gq"ﬂﬂanner

in Figs e actuator box 13 is nad

and¥@portetRy hduatoM b 1B ascandgblyl arkPabétanidibly 8h the body 8
t hermal expansion, and the actuator box 13 is forned

(i.¢.n s thetdotumdr bpuyrwascemdwyamd déxzeadablynacleaisle relative to
hal f of which is supported to nove ascendably and
thelbmseqiabtgr 13) ashwebasepmwsses and ﬂ%mie@tehpeﬂplnenagedge of
23. The actuator box 13 houses the disc springs
the nwtabdlepbmgmﬁr the helding adapter 18nand e fdﬁ@ﬁ)ﬁ@ﬁ'@@é‘l &rof the
ism20 in its internal space and the actuator
SpbbRasl@ﬂﬂ)l‘@&@@sthﬂ@CUe@rt er of the netal diaphragm9

EEBHE ST ﬁ’ié Nty e ackglaroho% 13 15 made 6f Invar
méjterlayvarr%cﬁ %%eg s'rr?rﬁ coe E:fe(r)l o??herma beﬁp%tnglovﬁh'a%% tthe actuator
box 13 is formed in a bottomed cylindrical shape, wherein the lower half of
which is supported to move ascendably and descendably by the base presser
12 using the O-rings 23. The actuator box 13 houses the disc springs 15, the
piezoelectric actuator 16, and the precompression mechanism 20 in its internal
space and the actuator box 13 presses the center of the metal diaphragm 9
downward. In the lower surface of the bottom wall 13a of the actuator box 13,
there is formed a downward-opened installation hole 13b into which the
synthetic-resin diaphragm presser 14, which is to come in contact with the

upper surface at the center of the metal diaphragm 9, is inserted and installed.

Furthermore, in the peripheral wall at the lower end portion of the actuator box

16




synt hetic-resin di aphragm presser 14, which is to cone
in contact with the upper surface at the center of
the netal diaphragm9, is inserted and install ed.
Furthernore, in the peripheral wall at the | ower end
portion of the actuator box 16 13, el ongated guide
hol es 13c, into which the upper wall 11 b of the split
base 11 is inserted, are formed in such a manner so

VbR dREEu AL LA s, R i B BE VLR i gt eso

surrace ower

1 ?%ein‘%ertéa CORER Rt ihq\{hcp% rﬁ% ne?‘zézgyog{, ttc% E%ceaggcﬁ) btfdrN90n the

preconpressi on disc spr

i i cham r io
REC PRI, XUTUENE T She Bk of TS ot o 19, o

stéped Pbitior #8€ fArlsBUHIRG SPBDHISEIng thE 'PrEesmMPFéssicH d%s'&espring

out er peripheral surface at the upper end portion o

22 betheapiacahmpresisn IecHdmgm 2(5tHepeom ik forifeldeatss pewitibAchigher
on which the adjustnment cap nut 19 and a |ock nut 24

thanethabuot dbet hpperdaidlly 1ih fvite isplit | hageviablvherndassembled.
adj ust abl e manner. [0026] The pi ezoel ectric actuator

Fuyrthesmoreoentthenauter peripbefalrswfaceyaththesupger end portion of the
stacked-type piezoelectric elenments in an air-tight

ackgaine pox A 3athareds famedag malatasrewd 3e orewhighhihel adjustment cap
di spl acenent nmenber 16a is provided at the |eading

m{énﬁf ghdiahdockaauthd4 sve ggovptedatrgadably dn & werjicalle mevable and
cger{tﬁr of the piezoelectric actuator 16 with the

aQURBRSI WA retraction of the piezoelectric

0583 EtPZ_%‘F?\ﬁg%'e§@i%3§f‘h5t°?eﬁf'%zlqlaeﬁ§ﬂgr2'¢ﬂt {tfés derrned g housing
SR RE! 8RR Eo BRI [ art SR} aRhe T 8 et “casing
WIRERE B e Bk Eal (iBRkctfeh erfoft 1615 Bbiilied e teading

endBSMABI I so ¥Rith PetiBfocatd @ﬁfn&:aefh‘é Siall &hter of thetﬁisz%eylectric

pi ezoel ectric actuator 16 Is sUpported positiona

actlrftor 46 jwitH thenéxteasion Undlibtratkibh bf itke P\Téi@b%tric elements. As
t hreadably on the upper end portion of the actuator

shban ih3Figs. 4 arey 2 the plezovleaticactagtordidiRs hlssdintiey actuator
via the bearing receiver 17 and the bearing 18. The
boyi ¥ withdbe hiemisgheridad distacememunember 16a protruding downward,
the lower end of which is supported on the upper wall 11b of the split base 11
by the precompression part 21 of the precompression mechanism 20, while the
upper end of the piezoelectric actuator 16 is supported positionably by the
adjustment cap nut 19, which is mounted threadably on the upper end portion of
the actuator box 13 in a vertically movable and adjustable manner, via the
bearing receiver 17 and the bearing 18. The piezoelectric actuator 16 is thus
arranged so as to be extended upward with application of a voltage so as to
press the actuator box 13 upward against the elastic force of the disc springs

15.

[0027] The precompression mechanism 20 is provided between the upper wall
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arranged so as to be extended upward wi th application

of a voltage so as to press the actuator box 13

upward agai nst the elastic force of the disc springs

15. [0027] The preconpression nechanism 20 is provi ded

bet ween the upper wall 17 11b of the split base 11

and the |l ower end of the piezoelectric actuator 16 and

t he preconpressi on nechani sm 20 applies a conpression
11bosfihecspis bage! M had thé dowercane ot tid piezekRiotid acitéhes and

pi ezoel ectric actuator 16 regardl ess of the state of
the>yrecsmpressiorn eigchahisom 20 appléespaecorepressioncioacd cahstantly to

16 so as to relieve a tensional force applied between
thadjiezeelecipiceglesiants rdf cthel pieeoelectite actuatorad 6 edgarhess of the

at the sanme tine, the piezoelectric elenents can be
statppfi exdension paretractigintof tha piezaeleciric aspratersi G sofasrtogelieve a

even if the actuator box 13 is extended (Iel ongat ed)
tepgionaldoreg apRipchietween atigegntmigzoglactrigelameifs when retracted

o, 350 R AR SRR o O S sany wis
» AP RS B hPET B SRR BB R9 ongat
ool SRR, S0 1%, el he upper end face

Of45ETREFITE: SRS 0, A0 Rkl 20
SR M SRR PSRy BS 22 £ Ao 21a

diSpidedrts aRMBCRBRE QapliciNly Bt drBEh DR tHY BicRbeNcERIactuator
between the flange 2l1a of the préconpression part 21

1@ngithife tAkeerashtoor bbon 131 3dhbasinethe@nupper | angr face of the
peri pheral surface at the | ower end portion of the
practmptexsidroXpdt Zinds inheontake witweheedidpiareenarft trieenber 16a
preconpression part 21 cones into contact with the
prapided amathe lowdy erfd fane epihe pieaceletiric atlvatgs 16, ankthe lower
11 presses the preconpression part 21 elastically
engdfpge ®f dhe REecompIBESiPNRast3liscoriapablawith the upper wall 11b of

i ezoelectric elenents in the piezoelectric actuator _
thg@’plit base 11; and multiple precompr%ssion disc springs ﬁj are provided

between the flange 21a of the precompression part 21 and the stepped portion
13d formed on the inner peripheral surface at the lower end portion of the
actuator box 13 and, when the lower end face of the precompression part 21
comes into contact with the upper wall 11b of the split base 11, the split base 11
presses the precompression part 21 elastically upward so as to apply pressure
constantly to the piezoelectric elements in the piezoelectric actuator 16,
whereby the compression force applied to the piezoelectric elements in the
piezoelectric actuator 16 can be adjusted freely by changing the number of
precompression disc springs 22. In addition, the precompression part 21 is
made of stainless steel, and in the upper end face at the center of which is

formed a conical receiving groove 21b on which the hemispherical displacement
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wher eby the conpression force applied to the

pi ezoel ectric elenments in the piezoelectric actuator
16 can be adjusted freely by changi ng the nunber of
preconpression disc springs 22. In addition, the
preconpression part 21 is nmade of stainless steel,
and in the upper end face at the center of which is
formed a conical receiving groove 21b on which the

o L T e e
[0DBGR N %Eséﬁgﬁﬁ'@'tﬁé‘gbé\r/@dﬁgeﬁtfédjﬁﬁ%faéré%ﬂic driven control valve
pi ezoel ectric driven control valve I, the neta

1,dhanhea @igbhrag® 90id RaIdReRdSsted 90, iﬂlﬁaaﬁbﬁth Pyith the

13 with the draphragm presser 14 inserted a _
diapisitagii peedseeradiinsentée® afdSastansd Merdh, thedidchsbringPi 5,tand the

base 11 are first assenbled into the recessed portion
split babe t Heatwfiyst Bssombildid intortHe recesbd pértiohBa af thirbedy 8 in

box 13 is supported on the body 8 via the base
thisrerdesrantbthenttheeactinatol b 3eia duppotted nnathetbuelyb® e the base
presser 12 is engaged threadably with the inner
pregserphdr ahileuthiealoavest emdhepartior fetthepbasé amesserol 2 tiseengaged
body 8. This structure allows the hol ding adapter 10
thegaglabhe with| the ipase petipheral iserfiaseofathe receesed portion 8a of the
body 8_and, at the sanme tine, the outer peripheral
boé’é’g% oT RISt aligwi thexhaiding adapte Hhand the@plihbage 11 to
aj.r-tight. mnner, on the, body .8 by the hol ding adapter
be el A ke %ﬁ'a%ﬁm{}sﬁ %ﬁdﬂ,t theesame Jipey the,guter pgripheral
PROLL € ve ascendably and.descendahly relative
oo R lieC el 1B BRE Sl AL S8 5 G Hahtmnage on the
cal r r ] [ ri 22 of
bofi 8 S oty aldfich RENE (B EPponBoRt Alde. hehoctuator
i n
bokef3 isZsupplorfed@oRhE O SRS aﬂg g&géﬁ&%blig?llagpg )t/é Inﬁat body 8

pi ezoel ectric actuator are used sequ

bytthe bagkyrtsser 10¥alRe AMingbizs, step, as evident from
Fig. 3, the preconpression part 21 is supported on

[0030] Negt othly epreicompiession PHIsRy spingh 32 I SN PBFdc®hpression
and placed on the stepped portion 13d on the I nner
meahanisrer2d, thepracemptession pane1 efthe precbimpresdion heechanism
actuator box 13, and a predeterm ned gap is forned
20penddba piszoelectric actuator 16 are housed sequentially into the actuator
box 13. In this step, as evident from Fig. 3, the precompression part 21 is
supported on the precompression disc spring 22 that is supported and placed
on the stepped portion 13d on the inner peripheral surface at the lower end
portion of the actuator box 13, and a predetermined gap is formed between the
lower end face of the precompression part 21 and the upper surface of the
upper wall 11b of the split base 11.
[0031] Finally, the bearing receiver 17 and the bearing 18 are installed at the
upper end portion of the piezoelectric actuator 16, and then the adjustment cap
nut 19 and the lock nut 24 are mounted threadably on the outer peripheral

surface at the upper end portion of the actuator box 13. The amount of
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| oner end face of the preconpression part 21 and the
upper surface of the wupper wall 11 b of the split
base 11. [0031] Finally, the bearing receiver 17 and
the bearing 18 are installed at the upper end portion
of the piezoelectric actuator 16, and then the
adjustnment cap nut 19 and the | ock nut 24 are nounted
threadably on the outer peripheral surface at the
tighfapaig e theadjustment capaurciouisttbentajustdd sththabendwer end
of 19 tightening of the adjustnment cap nut 19 is then
fampﬂmeﬂrmmmmmnepam\mr1se|noborﬂamiewtbiﬁ théaipper surface of the
preconpression part 21 is in contact with the upper
upper fveale 100 ohéhe wpitbaseal 11,1and dhet o@ergbontstr;d@eoiﬁhe metal
and the operation stroke of the nmetal diaphragm
digntoagae? phovidert bpithe pigzeetadtric aetvatarcld isad) %Staa tha@t% value.
to a set value. Wth this step, the preconpressi

With $his sien. e PIGG%mEEﬁ%KEb@'éE spHnaes 6 qﬂsbn)r;essg 025 to apply
a 99&%@%&@2&&%3 n nt | théil tlr"f@ﬁ%%]ﬁ) t%ﬁ Qlﬁégele?:trlc actuator

16plezoelectrlc driven control valve 1, twelve
preconpression disc springs 22 may be used, each

OGS AR 90 S, BB o
sphha%r A ?\Neen tﬁh%aﬂh@@%ﬁﬂ@%on@ eﬂ‘ﬁ‘beofBL Nimfand a

| ower ce O

m&kiFfPeb %rﬁ’%"rﬁo&ﬁ G4 thyd él‘RPQfefér‘érécﬂGﬂnﬁéntthQhe stroke

upper wa of the split base 11. Thérefore,

off%ﬁé Qﬁe%@]dhéﬁh’fﬁ@ﬁw of atdup &f nokenrafis tloAee thiatwedh ahdnager end
9 (so the lower end face of the preconpression part 21

fats of thecprricamipressioh pianie? 1ppd the wipber sudéce béthepeper wall 11b
wall 11b of the split base 11), each preconpression

ofdhecspliprbasg 22. | Themfpreesaftedt agjustmentnoh thedstroke of the metal
pi ezoel ectric actuator 16 is preconpressed at a

digpfuagor 8 (80 the favesri end E0p JODR (recemMpressinn Partid) | ls in contact
Al so, when the piezoelectric drjven control valve

withs dberurrer swase i the yarpr evalhd by E t§§| ﬂ?"tb'a%%e 1111) each
t he actuator, box 13, _the base

PreFQRBFRSSINL AisR SPAing '%ﬁﬂampfﬁe%%ﬂg@bﬁp% &I@ia&ﬂ “iheiezoslectric

actuator 16 is precompressed at a pressure of approximately 300N (215
N/mmx1.4 mm). Also, when the piezoelectric driven control valve 1 is
assembled, the holding adapter 10, the split base 11, the actuator box 13, the
base presser 12, the precompression part 21 and the precompression disc
spring 22 of the precompression mechanism 20, and the piezoelectric actuator
16, are all fixed automatically and orderly at their respective predetermined
positions and, at the same time, the axial center of all of these members is
aligned with an extremely high degree of accuracy. As a result, not only does
the assembling accuracy of the piezoelectric driven control valve 1 increase
significantly such that the variation in assembling accuracy and the hysteresis

phenomenon become less likely to occur, but also the stability and response in
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spring 22 of the preconpression nechani sm 20, and the
pi ezoel ectric actuator 16, are all fixed
automatically and orderly at their respective
predeterm ned positions and, at the same tine, the
axial center of all of these nenbers is aligned with
an extrenely high degree of accuracy. As a result, not
only does the assenbling accuracy of the

o ORI, o ol v e 5 e
OB N e e GRS RURTBRTAR NP VBT when e

piéibelg&riepé‘tgﬁéfo?”f% ?@Bppﬁ%d thoélle&jﬁvé legzﬁde ldnh tbecbaﬂélncircuit

constructed piezoel ec Iven control~valve 1

(nbh8howh 83 ¥6é BFAwingsReiala Bhnédtor 2520 E%‘io\é’iefcﬂ cﬁg&'thbvc?r 16 is

i
voltage froma control circuit (not shown int

exterded Uplvard abya te reet ofie Zopendthd bz R} appliéd voltage. This
actuator 16 is extended upward by the set val ue

upegre rakitergsion cehee s pphigedupwaidfdece Thast onifhactuator box 13 via
extensi on causes a large upward force to act on the

thadrasningrrebeivet 3 7y itte bebendeldy, iamg thecadjustment, caphaut 19, which
bearing 18, and the adjustnent cap nut 19, which then

theawauses tiee actuptooboxdid ttemovenumandpbmthie st valeesagainst the
val ue against the elastic force of the disc springs

elasficfaree ©of dhediss spangs Siwith dbe apial mgnten thengof beiag held by

se presser 12. a result, e netal diaphragm9 is

b h
s Bk EesaT t‘?ﬁ%:z‘ r@apk».ethgéasttaéeiqghr@gfﬁ & isendfatest fom the
valje, 568 B e BReln et phibe, efd d5pbragm seredo qayse the
pisgtele RS b el PBIFRREER {1 B eBingtesdnotis Case, the
piegRichaGhE Cutlodl't16 P1e UBHIBEE S o7 HMRrke AT Gee, sy the
prétSHPRIRTIN | meBRANBAPT 20,6 arld i%Xtc%ﬁgp?rngét? ESnéitQﬁfl M, pward.
| €zoel eC r¥VeR

expansi on when, for exanple, the p tric

THepsfor | ever ¥ ehd abfiatsrasbyng ShathdisHy hemerddIbEfic actuator 16
envi ronnment, no gap fornms between the upper end

is poténded duet fie tiereraebgdrision agiaiatfor baname, the piezoelectric
adj ustnment cap nut 19. Thus, the piezoelectric

drigen uzintiol Valvean ibeisedplnger aitigh-temperature environment, no gap
forms between the upper end portion of the piezoelectric actuator 16 and the
adjustment cap nut 19. Thus, the piezoelectric actuator 16 can be applied with
a certain compression force in a constant manner using the precompression
mechanism 20. As a result, this allows a generation force, when the
piezoelectric actuator 16 is extended upward as a result of a drive voltage, to be
transmitted reliably and successfully to the actuator box 13 so as to make
possible high-precision flow control in the piezoelectric driven control valve 1.

[0034] On the other hand, when the voltage applied to the piezoelectric

actuator 16 is removed, the piezoelectric actuator 16 returns to its original

length dimension from the extended state and, at the same time, the actuator
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a certain conpression force in a constant manner using
the preconpression nechanism?20. As a result, this
all ows a generation force, when the piezoelectric
actuator 16 is extended upward as a result of a drive
voltage, to be transmtted reliably and successfully
to the actuator box 13 so as to nake possible
hi gh-precision flow control in the piezoelectric
boSil H¥es prEdded doRAnY @yl the [HlBSHE forcd g Bl lisdaipdings 15 to,
when the voltage applied to the piezoelectric
aco6tdiwdlpr cd@ise she eanwrdof theenmutaizdiabhrdgnm © dotheaprasséd down
returns to its original |ength dinmension fromthe
towatceingehies sbat 8ddy the diighragneptasser 18hehatt isgirovideg@lat the
box 13 is pressed down by the elastic force of the
lowlérsend pf thegactubtardyox 5 csor a$ by comedatseontaet withitke velve seat
the netal diaphragm9 to be pressed down toward the
8dvaind; therely tieel pigzoelastiic divernganiselvalve 118 clogrdh Indhis case,
provided at the |ower end of the actuator baox 1?, sq)
theispiegoelertsici aelatetifcis \arRMiedhwithapy ogwiessiay foree by the
theregy t he ieﬁoelectééc driven control valve.,Kl Hs . .
PrRGQBELESSION +MPSNRBISE 20 naNG; d9 0EPRIAIFTeh CEANRIFPI (i€ IS

colfaBB5k) S0 el GRS SFELSRIRER, Bl 201 Trretre
o IR Bbtatd e I oA SR B Bt oo
SRRl RRPIS GORIB, PFER o8 1 Sprocted e

te 'iSﬁé’leﬂo?tlgef ?Egliﬁbﬁﬁk&?n bfedoeidctlic afdrfgntstthat akendjsteat each

orce ap tween piezoelectric elenents that are

otiRél RCRITEVEARBY thet Bemnprassict farrebiltliet frecemppession dmechanism
force of the preconpression nmechanism 20. Therefore,

20.t Tterpfoss| bl 8, possiblee ipi thzopiezotlecticddiivem comirot olalve 1, to
valve 1, to prevent the piezoelectric elenents in the
prevatdbeepiezoeleatricualeorents in thenpiedoeiectia melieatoby6tem being
tensional force, which extends the lifetime of the )
dapnageask by ¢he itensionalfates, wech sxtensdsutheslifeimenfi thptgiezpelectric

t he piezoelectric actuator 16., [ooag']’éi Fai[q%.éaS ig a
acijralph1€ ieodisngurecreliapiity ehihe pezeslaelss tor 16.

di spLacenent of the actyator box,13,apnd the vqltage
0835 FBG B % seoph shoeitisthe @latinshipehieen e isbfitement of
the actuator box 13 and the voltage applied to the piezoelectric actuator 16.
To figure out the amount of displacement of the actuator box 13 in a
piezoelectric driven control valve 1 provided with the precompression
mechanism 20 incorporated therein, the piezoelectric actuator 16 used in the
piezoelectric driven control valve 1 has a maximum displacement amount of 96
um or more (at an applied voltage of 150V) and a hysteresis of 15% or less.
The amount of displacement of the actuator box 13 was measured by a depth
gauge (not shown in the drawings) by applying a voltage of 0 to 140 V (every 10
V) to the piezoelectric actuator 16 using a piezo-driver (not shown in the

drawings). As is clear from the graph in Fig. 8, it was verified that the
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To figure out the amount of displacenent of the
actuator box 13 in a piezoelectric driven contro
valve 1 provided with the preconpression nmechanism 20
i ncorporated therein, the piezoelectric actuator 16
used in the piezoelectric driven control valve 1 has
a maxi nrum di spl acenent anount of 96 mor nore (at an
appl i ed voltage of 150V) and a hysteresis of 15% or

kBl 3earRYRls s B3Pk 5T50bcMlc OEiRe, 18 B By
e,?%' yngs) by applying a voltage of 0 to 140 V (every
?&{/) to the piezoelectric actuator 16 usi ng a

[oese]zrrr Iy V&oW p?@ﬁmeétnctmerﬂrcamrpgggu e, '%&#&ﬁg to a

fromthe graph in'Fig. 8, 1t was veri

sedbohB| HABGE Aert mrtra@?eésesﬂnﬁ@er%nt B O RAP R aqirés@re Jype flow
actuator 16 are sufficiently ensured. [0036]

cohir@is davipeezodlhect prieesdid VigpeC dlotw Od:oMﬁiIVQieblce mcludes the
according to a second enbodi nent of the present

piezoetedtriondrivenpicoprdl vaive pr @psiniet pypeblbthve coonecteld on the
devi ce. The pressure type flow control device
upstreland eiste ofhthe piezaelettict drivendconteni vabre: A pan\aitet pbrt block 3
an inlet port block 2 connected on the upstream side
capnecias pn dhe aloygstieant sideeaf Hun piezioelatne diivearcootrol galve 1;
port block 3 connected on the downstream side of the
afb@'éft@e‘fl dertflqws capirqleprovisiedren thenfigwnatreamide pf theepigzoelectric
for fl control row ded on the downstream si de of
drivga qsangr?bgﬁlaet iecbregBlItELPoRSOR O Bovirladen the ‘AP?JF%%'E $ide of the

BB bSO STLE S bbbl e
prygea o hE o eﬁétﬁa?ﬁ shie, B E R BPRRBGt BN GoifR Ve £/ and o
coﬁ%‘ Efbui 'TrFBP'cBn@Pﬁlﬂb tﬁgrﬁléé’ééléﬁﬂctﬁﬁ/eﬁ'%‘?ﬂl Q/%i\fe' %, in which

riven control low rate o

th@wae&eqsf pddéade! & UG RhidIRINOthe! biSiRd B Eéll:l%le%i BQsed on the

based on the wupstream side™pressure of the orifice

upsieéantiside Brésiie ldf fBe Giffiter 81 ArRA éiytheomwwn@n@ontroued by
cl osing the piezoelectric driven control valve 1.

opedy and\slosimydhel giekdglecttic.drived ddntpbealetr.i C dr iven
control valve 1 includes: a

[0037] As shown in Fig. 10, the piezoelectric driven control valve 1 includes: a
body 8 with a valve chamber 8a’ and a valve seat 8d formed therein; a metal
di_aphragm O disposed inside the valve chamber 8a’' so as to be in contact with,
and separatable, from the valve seat 8d; a holding adapter 10 for pressing the
outer peripheral edge of the metal diaphragm 9 in an air-tight manner toward
the body 8; a tubular actuator box 13, wherein the lower end portion thereof is
fixed to the body 8 so as to press the holding adapter 10 toward the body 8; a
base presser 12 for fixing the holding adapter 10 and the lower end portion of
the actuator box 13 to the body 8 so as to support the actuator box 13; a stem

26 disposed so as to move ascendably and descendably inside the lower end

portion of the actuator box 13, wherein the stem 26 is provided with a
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body 8 with a val ve chanber 8a' and a val ve seat 8d
fornmed therein; a netal diaphragm9 disposed inside
t he val ve chanber 8a' so as to be in contact wth,
and separatable, fromthe valve seat 8d; a holding
adapter 10 for pressing the outer peripheral edge of
the nmetal diaphragm9 in an air-tight nmanner toward
the body 8; a tubular actuator box 13, wherein the
didghvagmepréseer t uqibsithricdogo as tofbexrdcdstatheithaby pped surface
as to press the holding adapter 10 toward the body 8;
of athebanetaprdiaphragh? 9 othati isi pgovited hat dhagloadapead ﬂlfbreof; a
and the lower end portion of the actuator box 13 to
pi¢deeldmidy agtusdoripiezn-pogitoner) tibehausedansideldbe atBjatar box 13; a
stem 26 disposed so as to nove ascendably and
cuab@@mmdl@pysprm 42 prodded atween the stemotp endtthe plezoelectnc
act uat or 13, wherein the stem 26 is provided w
acuator 1 @.a@sih w&@m thednetal dinphpeam:d @W@&sg@wa%ortt@ctwth Fhe valve
contact with the per. surface  of the netal

segt e qkhe;qu ;qjvngigas%as(prm ﬂggg?rbgﬁaeteﬁ@'@ﬂn oﬂthe plezgeTectrlc
o050 5 S SEAT i WBLTEIHRERIAHNE 3 JIOU5S Bpger end
ol T R AR R CF R o v
oEAAGio HcnbPac Fol8 i Mbediey2 L Pl 38: ond o

prét%d’l?i;é(}rs QEhé}%MStZ?? BroGR_RdINHetideh NiHeadaREY end of the

noun on t e upper end  portion of the actuator box

pidZebétAs dcuBpi16 aR@hhy cﬁ}snmm%@% gpied 2o Afs td‘@pply a
pi ezoel ectric actuator 16 via a bearing receiver

confstessibadoidegedistamthd(i., atrsmms@s@umdma@wmaﬂts in the
provi ded between the [ower end of the piezoelectric

piextaledtric atfuzmdl 6 se asuehprenenpdainage syiithe pieZoetertias etetnents
apply a conpression force constantly (i.e., at all

in therpigzaedeqitie antuator bcdus dorantensianal rﬁ@rcepu @soxele @srtiocmake
actuator 16 so as to prevent danage of

possb dligh-predsien eam]tsiablenﬂqvmcomt@k we@cund%r Bighgtengperature
16 due to a tensional force, as well as

erwsegmnés huawgprfaeh SemRotaltre.  EACHoR| &seant 1 dn dben present
ertipeimedl b2 ¢ TRETiot fhe, fezae Bt Hivaft chflizalyaive 1 is formed

as a normal open-type control valve.

[0038] Specifically, as shown in Figs. 9 and 10, the body 8 is made of stainless
steel and formed in a block shape, and the body 8 includes a recessed portion
8a forming an upward-opened valve chamber 8a’, a female screw 8b formed on
the inner peripheral surface of the recessed portion 8a, an inlet passage 8c
communicating with the valve chamber 8a’, an annular valve seat 8d formed on
the bottom surface of the recessed portion 8a defining the valve chamber 8a’,
an outlet passage 8e communicating with the valve chamber 8a', a sensor
installation hole 8f in which a pressure sensor 5 is inserted and installed, a filter

installation hole 8g in which the gasket filter 6 is inserted and installed, and an
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enbodi nent of the invention, the piezoelectric driven
control valve 1 is forned as a normal open-type
control valve. [0038] Specifically, as shown in Figs.
9 and 10, the body 8 is nmade of stainless steel and
formed in a bl ock shape, and the body 8 includes a
recessed portion 8a form ng an upward-opened val ve
chanber 8a', a fermale screw 8b forned on the inner

orftile! |H§l%ﬂ§{|on°' Hbgaagl?lrp\‘;vh fdhEark ?ﬁﬁéé 3q:t; ﬁﬁe&ﬂe‘&r‘a msfalled.  On the

I nl"et passage conmmuni ca e valve C

u e-r:zlnfl%ldi'anriH%1 ‘% Yecshctdd, Qgg‘?\ge@m(‘a I;)]Hl?s ﬁ%tva wn in the

surface of t cessed porfion
dreaiegr wiB the sﬁeﬂnlﬁ% lsedel RSB PO’ LRSCKCD ‘EﬁE&"lh&l@HéQ @n"l’nfr?ductaon
the val ve chanb 8a', a sensor 1nstallation hol

passagbi 24 @nﬂhﬁﬁﬁ:ﬁhﬁg&ﬁlﬂﬁi%e 5nle$ pd%%ﬁ?é@b dMdhe body 8, a filter
installed, a filter installation hole 8g in wh t he

instatiakdn tiold @b ferinadi ors ehé eitiet Gidensf ahé Qﬁtrocﬂnﬂloﬁnpaéé‘hge 2a,
orifice installation hole 8h in which an orifice 4 is

arichs dealeaostn‘bb forstheicking; foDleakage opfwidea@rstidedowhstream side,
body 8 is connected, using nultiple bolts (not shown

the rbadyeS isialeai sayeiectad, tusingedtipie icdiss net ebbwhrindhe ghawings),
bl ock 2 that includes an introduction passage 2a

with fheusiainiesstodl HleHaoT hlagk el indudes ardissharge passage 3a
afilter, i I lation hole 2b fornmed on the outl et )

G%Waen@ﬁtmaérv'ﬁhﬂ»%euﬁ%ﬁ RASSREeseR ot dae bogdyB.an exficy distallation

i Ahdpris o0 B8 et RigRTaNe shchate BastRHoareand adeaigpor 3¢

fofhioE ot gt A8 0 ¢ "bl ock 3t hat ) ncl udes &
[06‘3@25%2&? ?ﬁ gs Garﬁ%%“@ﬁ&% {3 d‘%ﬁtﬂ?g 9 ogtﬁﬁ%ed by an

an or| jce install at

ult'i‘é’-'ttﬁnethatfe%%ﬁ@ dd?rb f\@‘ﬁd Bhreébl cfgloﬂ E@s %’a Fhéﬁ-fogﬁeat-resistant

passage 3a, port or C

h@rﬂﬁiemacoéudv . ., EPRISN ftﬂ))sﬁméllboﬁbﬁ%as%daél%y%ded with

the netal diraphragm9 is formed by an ultra-t

tupgstbr, mslgbdénuimhitighn,y afdr elrbee, Colict, 086 Ods rtﬁsbétf@ﬂ’hed in an
and heat-resistant highly-elastic alloy (e. g., SPRON

indedted dishnsbéged -withb thé -ceatsrdofatHeoyneddd dihphwadm 9 being swelled
tungsten, nol ybdenum titan, and chrone, etc., so as

upwarde Themnetal diaphragm 9 is disposed inside the recessed portion 8a so
as to face the valve seat 8d and the outer peripheral edge of the metal
diaphragm 9 is held and fixed in an air-tight manner on the body 8 using the
holding adapter 10. The metal diaphragm 9 is brought into contact with the
valve seat 8d through downward pressure, and is separable from the valve seat
8d by the elastic force of the metal diaphragm 9 from the valve seat 8d when
the downward pressure force is lost (i.e., no downward pressure force is
applied). It is noted that the metal diaphragm 9 may be made of stainless steel,
inconel, or other alloy steel and may be formed by multiple metal diaphragms.

[0040] As shown in Figs. 9 and 10, the holding adapter 10 is formed in an

annular shape, is made of stainless steel and is inserted into the recessed
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inverted dish shape wth the center of the netal
di aphragm 9 being swelled upward. The netal di aphragm
9 is disposed inside the recessed portion 8a so as to
face the val ve seat 8d and the outer peripheral edge
of the netal diaphragm9 is held and fixed in an
air-tight manner on the body 8 using the holding
adapter 10. The netal diaphragm9 is brought into
pobiid 8&tofvhé bodhes syalsvie preas ahd ohiteugited peripberdl edge of the
pressure, and is separable fromthe valve seat 8d by
métabdiabhsdgm o iarareaiotightbenanmeentowtirdghe dgay®B.f r om t he
val ve seat 8d when the downward pressure force is
[004Ht Agishewn imoF igswivandl 101 tes actiatarr bex 118 is dpheed) a tubular
It is noted that the netal diaphragm 9 may be made of
shapei ¢ dvadetafelnvar imatsiial,, whbichohaara ssmal, @leé‘mlermtan thermai
may be formed by multiple nEtaI dlaphragns
exgaawnn; andi ga the oater n%r!phew@ tofanengt H‘t?aﬁ’t’@ff er@ P% o of the

an annul ar de of ta nl ess
ack{ALar Dakd 3 B AU SePRet Bottias esie 259' farel g pgerte
X the

inGdneJrepsrockaionres fb 1 B0y Hing hienshiof APy the base
et 18 e GOHE" Ay dconosgs 8 4, 28q i ezoelectrc
acédnjééﬂ 76, h&%‘ﬁlo 'ﬁ%%%& mg @')"aénd’rmee@le%bmn:ﬁ’géﬁan I?ﬁécr@anism

coe f| cren 'expansi

20°i?'15t & irf&fiaP Q?ég% f&Mé@ﬁFth@t adtisto} ‘%ﬁ” ENDRRE § rﬁfbrcﬁerlpheral

actuato an outer stepped portion

sutfCEEHt fiR loKNéFBéhdogomeﬁfottﬁe adtidter bbg 1rae@e§t%9Eed poruon 13d
portion 8a of the body 8 and pressed downwar d

f0|ba§tﬁ)pcﬁf|$§89hdl¥)lacTrﬁ@ e ugreebmipPassion hdist;ESs;irlhg sztzenmf the
the piezoelectric actuator 16, the cushioning

prdcmpsqissmg r@@chamist BE {heeeonis efosined iredhanactrato?Obox 13.

in an internal space fornmed in the actuator box 13. On
Furthermoner opdhe pivéeraperlsmrﬁah@erfaae, ahthe upper end portion of the
portion of the actuator box a stepped portion 13d

aqt@tos beywdst thﬁjea&&)rme&ta rﬁ@alﬁ‘ W@rqw ddefit whishdtheadj¢stment cap
pring 22 of the_ . preconpression hani sm 20 her e

" 16 Bisalqs D24 dnaRBEhiaRdan i ﬁeY?EJP% Y gipveRle and

ut.er, peri pheral surface, at the upper end portion of
a \ilﬁgablepmanﬁ er. PP b

[0042] As shown in Figs. 9 and 10, the base presser 12 is made of stainless
steel and is formed in a cylindrical shape, and on the outer peripheral surface at
the lower end portion thereof is formed a male screw 12a that is to be engaged
with the female screw 8b formed on the inner peripheral surface of the recessed
portion 8a of the body 8, while on the inner peripheral surface of the base
presser 12 are fitted multiple O-rings 23 at regular intervals. The base presser
12 is fixed threadably in the recessed portion 8a of the body 8 in a standing
manner and supports the actuator box 13 on the body 8§ as well as the base
presser 12 presses and fixes the'outer peripheral edge of the metal diaphragm

9, the holding adapter 10, and the outer stepped portion 13f of the actuator box
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actuator box 13, there is forned a male screw 13e on
whi ch the adjustnment cap nut 19 and a | ock nut 24 are
nount ed threadably in a vertically novabl e and
adj ust abl e manner. [0042] As shown in Figs. 9 and 10,
the base presser 12 is nmade of stainless steel and is
formed in a cylindrical shape, and on the outer

peri pheral surface at the |ower end portion thereof

e screw 12a that is to be engaged wth
14 30 BITTS BodPh

rew 8b formed on the inner peripheral

[0@1431‘ ACsiwh hr‘? Frl e@%ﬁﬁ 18 af-:‘ %ﬁrﬂ?%% f%nﬂﬁ%@‘?rqésgtepped shaft

e on the r peri p iCe o
sfﬁp%s%eha%i% @fr&aﬁﬂésts%‘ieél‘-ﬁrtih%nemgtéﬁ %ﬁ Iﬁé § IIaéoefficient
i nt erval s. base presser 12 15 |xe thre

oft ﬁhermap@s(pgﬂsnaﬁr bhanisSmseftel® RRAIE Ssddhdabhf aﬂal @Qscendably
manner and supports the actuator box 13 on t'he body 8

insilewttld lowet emcbasetiorprofsther atfiide Hors 1and 'IfHé<%§rn§Hi=,¢|c-resm
outer peripheral edge of the netal diaphragm 9, the
diaphrdigny peskaet eid, Mhiclanisl to Ibe ut@ntast eithaetlepgppgeraurfade at the
of the actuator box 26 13, toward the body 8. [0043]
cemderstfdhe metakdigphragrar® id lsetted atdeins2dled sat tloe foveer enchof the
stepped shaft shape, is nade of stainless steel or
ste - material, which has a small coefficient of
herg;gg expansion, and is inserted to nove ascendabl
c

[0&HdH @ﬁa%lpytnq Astiugior (Riezqspesitienar) pif ts o‘ﬁ”ﬁﬂdtm{e%OUSi”Q
agt uat or %ﬁS Th@ie énthetlc resh di aphr agm

St P SIS opiprCiembisanian 2l UHLMAWER I e msgﬁércasmg of

thg “mé%f‘q"ei‘a&éﬁéahq‘?m@tﬁﬁﬂfvﬁéreﬁi o Remiegherica) ARRlREERen: cpemper 162

is %ﬁog@%@%ﬂq% !b%r@%eéﬁglo?gﬁé 8%@@?%95% 5% g«iacl;{arocate along the axial

cehtétChethd }551%0@&5 'a%ﬁfeftbtcﬁl ﬁ”?ﬁﬁo?rdbezoe |fH hé 'e%gnsaon and

manner I n e netal casi

n—:'t:ilﬁétitfvht @ » th@hﬁfe%béle%trme@!éﬁ@ﬁ‘s' cas ghéWnaﬁP'ﬁ’ggs @Eém?rw the

is provided at the | eading end of t ing so
pimenét:tﬁcca@tuaccﬂtqeahmgodsfe@ Wi e AAMtEF tsﬁxt’ﬂ? so that the

pi ezoel ectric actuator 16 in accordance with the

hemisphericad displacement member 16a is protruding downward, and the
upper end of the piezoelectric actuator 16 is supported positionably by the
adjustment cap nut 19, which is mounted threadably on the upper end portion of
the actuator box 13 in a vertically movable and adjustable manner, using the
bearing receiver 17 and the bearing 18. The lower end of the piezoelectric
actuator 16 is supported on the stem 26 by the precompression mechanism 20
and the cushioning disc spring 27. The piezoelectric actuator 16 is also
arranged so as to be extended downward with application of a voltage so as to
press the stem 26 downward via the precompression mechanism 20 and the
cushioning disc spring 27.

[0045] The cushioning disc spring 27 is provided between the upper end of the

stem 26 and the lower end of the piezoelectric actuator 16 and, when the stem
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s

retraction of the piezoelectric elenments. As shown in
Figs. 9 and 10, the piezoelectric actuator 16 is
housed in the actuator box 13 so that the
hem spheri cal displacenment nmenber 16a is protruding
downward, and the upper end of the piezoelectric
actuator 16 is supported positionably by the
adj ustment cap nut 19, which is nounted threadably on
26t iBSreBssd denth G td tne ekterision of theapiezoblextric3actnator 16, then
vertically novabl e and adjustabl e manner, using the
thdaseiahgliaguegwed tdmasdintd eonésoti wigh 118e Valee | seaér8dnand the
of the piezoelectric actuator 16 is supported on the
cushiemirgpdisy sphiagReatsnrbe sspationsf the extenzs®n afibetpiezoelectric
cushi oning disc spring 27. The piezoelectric actuator
acugatds 16| spasderane® pedeienyngd RSN ithRapeat member

~with application of a voltage so as to ress the stem
(.26 thR waRamenhel is W@nmfes@@n@f? besvaive seahalliank W Berdion of the

mé,tEE @%ﬁ%‘é@”@%@é :ﬁ@ﬁ%@ﬂ%ﬁ?@%ﬂi‘qﬁ oaidiUolaHg s electri
dr%eﬁu%cﬁrafo:}%a%%‘zﬂ WRercEiBeobe it shacrBs AP B BBy, of the
. . t X I \ i i C \
i e ARG 00 S B E8BhSEA oL il iftigh Sorinos
sug Sngg'a%% asg%q gﬁth?ﬂ?ﬁéh@uﬁ&é@m PR §isrtng¢?eezc spring 27

SOrns a po on o extension o

[Ogjrl@é?ﬁlee&b&&ﬁpré’s%ﬁd@ﬁ%ch%ﬁisﬁ? ﬂsist&o@ﬂ%)’b&ween(tihe lower end

etermned pressure force to a seat nenber .e

of the BREbelRIREBCIfI60MBOGRE e tlhivmhyediseasprity 2mdand the
the portion of the mnetal diaphragm9 that is in

pré@dvnpedssivri mddchanisah PO sysales&r tompréssiopifarzeatopstartly (i.e., at
driven control valve 1. In accordance with the present
allertipost)mimt thef piezeléctrienelepments hin cthehipiriostealiic cactuator 16
spring 27 is conposed of nmultiple stacked springs
regaribess etiextadsiohawgetrantiomstaip péithe piczaelechic aglbatarelf so as
26. [0046] .Thell\g{recorrpr_essi on mechanism 20 is roviibca:!ed
toetioxsea tehsionglerrce @ipplied befueen Pieroeirqatyic @'%\'Egﬂtét jacent to
16 and the cushi gnin isc,spring 27 apd the .
eaPeoh ST CATAUEH AN GBS ens: P pragoslegiic elements
cafno geaﬁ:p?iréat gc;]r%sltgntw (i.ee'.,’ af tall times) with a certain compression force
even if the actuator box 13 is extended {(expanded) by thermal expansion.
[0047] That is, as shown in Figs. 9 and 10, the precompression mechanism 20
is composed of: a shaft-shaped precompression part 21 provided with a flange
21a disposed so as to move vertically directly under the piezoelectric actuator
16 and within the actuator box 13, wherein the upper end face of the
precompression part 21 is in contact with the displacement member 16a
provided on the lower end face of the piezoelectric actuator 16, and the lower
end face of the precompression part 21 is contactable with the cushioning disc
spring 27; and multiple precompression disc springs 22 are provided between

the flange 21a of the precompression part 21 and the stepped portion 13d
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all times) to the piezoelectric elenments in the

pi ezoel ectric actuator 16 regardl ess of extension or
retraction state of the piezoelectric actuator 16 so
as torelieve a tensional force applied between

pi ezoel ectric el enments adjacent to each other when
retracted and, at the sane tinme, the piezoelectric

el enents can be applied constantly (i.e., at al

folrhBf A, e, s 8HbReGy SHEREE (.88 1hehs Sng Ratioh.of 1€ actuator
i i i Fi.gs. 9 d .
o4 S0 e B AT BB 48 Do
ot S Ao S5L  f b
pre88&s thd BratichfteL§ih i Q@téféét%ll¥ J‘@H@?? sy éa@w tahéﬁf pressure

actuat or box 13, whereln the uppe ace 0

CANSERIYP( S SHOBII Rkés)2th the ploz6BRIcHid elrhéntshi® the piezoelectric
di spl acenent nmenber 16a provided on the |ower end

adtaater db sdthapitiea eehresdion d6iceadpbliediGo tAB hibAs|b&nelelements
end face of the preconpression part 21 is contactable

indhe piedoelentdbiactuator 46 Dan Iseadistely frealydbyrnghahgihg the number
preconpression disc springs 22 are provi ded between
oftprecemaressiani disofsprimgsi22: c dnpaditiorgrthe prec@hpesssidrhpart 21 is
stepped portion 13d 28 forned on the inner peripheral
made 04 stainless ideeloapd iarthie ppper @ndofaceres thetpracomprassion part
1§ﬁ?nd, when the | ower end face of the preconpression
21ptere 39 frgad, atihe canden &eonicalrecriying gromie Alb @nswhich the
hes .rig .27, the cushi oni n% di sc spring 27 presses the )
'sefichial tisplacament smembes 16 o ytha paigreeiéstrics aptyator 16 is
r re, constantly (i.e., at all tines) to the
S“@B@%Q%&?ﬁ@#ﬁ% enents in the piezoelectric actuator
S ressi.on applied to the
(00517 Bt psdat R e a0 Rae fbErdiBeodbet R dritBp sy valve
* AR P2 45498, WPt bR 30414 R fepth 10, anc

thé® RATEF BER 13D p?é\FiBe@JWiﬂﬁthe:c%ﬁn 96 AP RSshiohfi 'ditsc spring

and in the upper end face of the preconpression part
272hsémed ¢harsir, @irdTfkt Rfsehitfed b MWe récesBUBYrti6S 881 ofithE body

groove 21 b on which the hem spherical displacenent

8 imethiseordbBoand thdreths aztoat@diak €3 & buppemed Bnithe body 8 by the
base presser 12, and the lower end portion of the base presser 12 is engaged
threadably with the inner peripheral surface of the recessed portion 8a of the
body 8. This construction allows the holding adapter 10 and the actuator box
13 to be held and fixed on the body 8 and, at the same time, the outer
peripheral edge of the metal diaphragm 9 is held and fixed in an air-tight
manner on the body 8 by the holding adapter 10 and other components as
described above.

[0049] Next, the precompression disc spring 22 of the precompression

mechanism 20, the precompression part 21 of the precompression mechanism

20, and the piezoelectric actuator 16 are housed sequentially into the actuator
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supported and placed. [0048] Wen assenbling the
above- descri bed piezoelectric driven control valve 1
shown in Figs. 9 and 10, the netal diaphragm9, the
hol di ng adapter 10, and the actuator box 13, provided
with the stem 26 and the cushioning disc spring 27
inserted therein, are first assenbled into the
recessed portion 8a of the body 8 in this order, and
bok e tlheac%emﬂc@rwm@mé?agsémgrmw ese preddimpreesionSpdy 21 is
the base presser and th ower end portion of the
suppsRe® bRIREPréompredritrogide shhing@2ahichiist sugpoetedraret placed
peri pheral surface of the recessed portion 8a of the
onbthdy st&ppéli portionst3dioni the mneoveeripherdicdutfag atipe éower end
10 and the actuator box 13 to be held and fixed on
pottic bbthe Sctaathr kax thearshawpredetermined @ap i formed between the
peri pher al of the netal diaphragm9 is held and
lowéx eddi fﬂcamfat%‘le- pregempreasiasr Pah 2thandoie eopsr sudace of the
hol di ng adapter 10 and ot her conmponents as descri bed
cughioning Pigo£0TiN8dlt . t he preconpression disc spring 22

fth >
[0‘35@26%5*&2@1%&5%?91 reeIY fﬁ%’nﬁﬁé‘@gﬁ%%ﬂérﬁrﬁ&ﬁ@n?@ At the
UPQQE:} &‘QH Otjri?@/ Z%S{e%éte&gfr a%%t:d% 0591 Gé &p%rtgenqﬁa adjustment cap

ugaﬁ 5" M B‘g&go‘?%sﬁ{é?@%‘fg@%ﬁgéggs%ﬁ‘ﬁg%@%‘e%herm

suf‘f%%bng h e qﬁﬂie?h L&feﬁma%tlﬁt@tc%@x 8 ' ARe amount of

epped por i nner peripheral surface at

t|gIor e dh@‘b?rthé'?agljué?ﬁl'éht % pQ"futt1'99|saﬁmbﬂaéd]ﬂstﬁaxsola'xatatﬁé l@wer end

ermned gap is orms bet ween the | ower end

faé@of td pdtNbreSsiohr Ras Racapaéd irddomtadt With thengiper surface of
surface of the cushioning disc spring 27. [0050]

th&icghioning Biechepringray , ramceihecopdratiandtrioke didhae imetall 8iaphragm
are installed at the wupper end portion of the

9, prreximieldeby rthe piezoaleoiriclctuatat 16eis adpistat) detanset valye. In
nut 19 and the | ock nut 24 are nounted threadably on

acchedangeawittp #his step, the m@cfrap@esgtort disc $ppBe 22nig GesnRressed so

of the actuator box 13. The anou of
as to apply a compression force constantly (| e at all tlmes) to the piezoelectric

actuator 16. In the present embodiment, the piezoelectric actuator 16 is
precompressed at a pressure of approximately 300N.

[0051] In the piezoelectric driven control valve 1 constructed as shown in Figs.
9 and 10, when the piezoelectric actuator 16 is applied with a drive voltage from
a control circuit (not shown in the drawings) via a connector 25, the
piezoelectric actuator 16 is extended downward by a set value depending on
the applied voltage. As a result, the stem 26 is pressed down by the
precompression part 21 and the cushioning disc spring 27, which then causes
the center of the metal diaphragm 9 to be pressed down toward the valve seat
8d by the diaphragm presser 14, which is provided at the lower end of the stem

26. Consequently, the diaphragm 9 comes into contact with the valve seat 8d
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ti ghtening of the adjustnent cap nut 19 is then

adj usted so that the lower end face of the

preconpression part 21 cones in contact with the upper
surface of the cushioning disc spring 27, and the
operation stroke of the netal diaphragm 9, provided

by the piezoelectric actuator 16, is adjusted to a set
value. In accordance with this step, the
aid YO Pt Ahc HrivenSESH ' S€ !

appl yngé conpr esgrg%nfgé%tggcﬁ%% z'nﬁogm(s:éae. ﬂ-' glé?isat%%e ﬁ.e., the
pibEd@IBetricOdiveh RoAFBE VAR iC cld%{éb)‘,afl'fér pﬂ&oe\ébtﬁ@%gtlilastor 16 is

present enbodi nent, the piezoelectric actuator

appliedomith assmApiissRNORSS BY thd bradtivh reisBRhehEcRANS 20 so that
[0051] In the piezoelectric driven control valve 1

thepiszoeletteid actustbows isprésgsd colstantly UpwardienThéefore, even if
pi ezoel ectric actuator 16 is applied wth a drive

theaictuater borrh3, avhicmhootes thec piezoélectricsictuntdr n 6, heextended by
draw ngs) via a connector 25, the piezoelectric

thagnalexpans®n whent fondxampleriherpletyelactsietdrivahusontrol valve 1 is
depending on the applied voltage. As a result, the

usedePe Ashighdempgraiiunm epyiremmentrtbeonin gapi fonmsabetween the
and the cushi oni ng di sc S{)_ri n% 27, which then causes

URRGE eNhpertiopr of the piszaslegiricpastugtard! @ anddhgradivsimentaap nut

19,118 Wb dhe o dte e 91EC| IHURTOEAD G bR ASpURY waith & certain
oS R e BB OB 40 s
oS58 st B B BT L o st
1@is%@@h@éd,rtbcbé‘ﬁéH%}ﬁRfed%lihﬁl é’r‘b%b&%s‘é’ﬂlrlrl& tﬁ the sten 26 so as
conpressi on force By the pPredonpr esaion mechant sy

to ShakBahight hYecRidH TRME Contrel %s%ﬁilé’ru%ﬁgitﬁgpg?ei%é%ctric driven

constantly upward. Therefore, even | ctuat or
cobtrgl ¥dvewhi ch houses the piezoelectric actuator 16, is
extended by thermal expansion when, for exanple, the
[0p52z Attbe the metdlr diephragentor edmeslinte dontact witlkdhévaBie geat 8d,

hi gh-t enperature environnment, then no gap forns
the ecughianinge disepspringn@7p oproviledofbetiveepi troedtent r26 and the

actuator 16 and the adjustnment cap nut 19. In this
PreggMptassiqsi eaih&lle abspsaltriher extarsiamaf the pisgbeledtria attuator
16?a%grat %prblsive force is applied to the seat member (composed of the valve
seat 8d and the portion of the metal diaphragm 9 that is in contact with the valve
seat 8d) based on the amount of displacement of the cushioning disc spring 27.
Therefore, in accordance with the piezoelectric driven control valve 1 of the
present invention, the large generative force from the piezoelectric actuator 16
cannot be applied direc_:tly to the seat member, which serves to prevent the
metal diaphragm 9 and the valve seat 8d from being damaged by a large
generative force from the piezoelectric actuator 16.
[0053] On the other hand, when the voltage applied to the piezoelectric

actuator 16 is removed, the piezoelectric actuator 16 returns to its original
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conpression force constantly using the preconpression
mechani sm 20. As a result, this structure allows a
generation force, when the piezoelectric actuator 16
is extended, to be transmtted reliably and
successfully to the stem 26 so as to nmake
hi gh- preci sion fl ow control possible using the
pi ezoel ectric driven control valve 1. [0052] After
lefidta deabiofl fegr tieg extendedestaiendrad thestthetpragduiretforee applied to
val ve seat 8d, the cushioning disc spring 27,
th@mmataljdrdapbmgmemby tiee ektend2d statk ohthe nnez«m:leptnesa;itmtor 16 is
part 21, absorbs further extension of the
logti evtoch eccoidinglyt amitses thesmedalddiaphegar s9 ve reeever its original
applied to the seat nenber (conposed of the valve
stateaduestp theletastic fericei ofthermetad diaphipgmn &pwhwnthentwses the
is in contact with the valve at 8d) based on th
metab diarhsrgmi % a@éﬁe@ﬁfatefi fraa ta%lymvsrﬁ%j g theraby pﬁgmng the

oo ool 5T AR GRS
oGRS 105 PGB SR BB ORI RSS! 10
o R R BB, by RS 38R 8B 405

oﬁgggggéabﬁ %%91% errrtO.ﬁghgsr mﬁaf—%@eg (ﬁvt%gggté; g% é.ogg force is

%:h@d pbﬁ X r | léidéleélﬁé Ugleflemt® Adjab&APY&dead®ther \%hen the

i ezoe actuator 16 returns to its original
pi¢2EAridi 8808tN16T @NYdthasted! ensladnsibabe fere bppied Nestween
pressure force applied to the netal di aphragm 9 by
piéFoelecttie mindestsaddjacdntidaehpithzorl refieved badhe abmprdssiors force
| ost, which accordingly causes the netal diaphragm9
oftthe rprecompredsioro niegihaalsm 20at dt idutbetefotehpossiblst iim accordance
force of the netal diaphragm 9, which then causes the
withethsl p@zaphcugzmnwemcwr@le\wé\r@ﬂ eaf the presert ingentions é@tprevent
8d thereby opening the piezoelectric driven contr
the gliezoelectiip edemgnféagéhwm@qheritﬂé aﬁrt@ég@ﬂ @cftqm é)emg damaged

bvgr@%ﬁ% ?%CSX?V{E‘ %thfgdﬁsthézg?}orﬁ Wpl{\ egsures rellabnhty of,

thé?mn”gé ﬁesaé;t(rllg afc%gt%r b% r]n S ifion, gcsasuls%nthréeslré%élsén}r%oactuator

16 is applied with a compression force by the precompression mechanism 20

and is compressed constantly upward, the full weight of the piezoelectric
actuator 16 is not applied to the metal diaphragm 9, but only the full weights of
the diaphragm presser 14, the stem 26, and the cushioning disc spring 27 are
applied to the metal diaphragm 9. It is therefore possible, in accordance the
piezoelectric driven control valve 1 of the invention, to imit the weight (force)
applied to the metal diaphragm 9 so that the burden on the metal diaphragm 9,
when separated from the valve seat 8d by the elastic force of the metal

diaphragm, is reduced, which can extend the lifetime of the metal diaphragm 9.
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conpressed in a constant manner. Therefore, even if a
tensional force is applied between piezoelectric
el enents adjacent to each ot her when the
pi ezoel ectric actuator 16 is retracted, the tensiona
force applied between piezoelectric elenents adjacent
each other is relieved by the conpression force of
t he preconpressi on nechanism 20. It is therefore
"@g§ﬁhphg|¢gmm%cordance with the piezoelectric driven
contro ea ve of the present invention, to prevent
obBa) [ “6e € teSpiti t | £z o
O e PRl e ol e, i Bl o the present
infontish, Wi gyt @ﬂﬁﬁcéﬂ?@ td 8t gaB @bntrdNdirkNSHN @miconductor
reliability of, the piezoelectric actuator 16. In
madafdctring beqaipdeerithe bat ezoeheet liftedCt At 8ich L&ehficonductor
applied with a conpression force by the preconpression
mapofaahiring 2quipmehti in dsnppEicatdncandt @ntlsy applivable ttbea gas
full weight of the piezoelectric actuator 16 is not
supply line in ovarioesriypes ofiexplipragnt Qsethun, fonl gxanmalef the chemical,
wei ghts of the diaphragm presser 14, the stem 26, and
phatmacgylicanang fehd pragssking industries. applied to the
metal diaphragm9. It is therefore possible, in
accordance the piezoelectric driven control valve 1
of the invention, to limt the weight (force) applied
to the netal diaphragm 9 so that the burden on the
nmet al di aphragm 9, when separated fromthe val ve seat
8d by the elastic force of the netal diaphragm is
reduced, which can extend the lifetinme of the netal
di aphragm 9. 32 Industrial Applicability [0054] The
pi ezoel ectric driven control valve 1, according to the
present invention, is mainly applicable to a gas
control line in sem conductor manufacturing
equi pnent, but is not Iimted to such senm conduct or
manuf acturing equi pnent in its application, and is
al so applicable to a gas supply line in various types
of equi prment used in, for exanple, the chem cal,
pharmaceutical, and food processing industries. 33
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CLAIM5 1. A piezoelectric driven control valve
conprising: a body (8) provided with a valve seat
(8d) formed at a bottom of an upward-opened val ve
chanber (8a'); a netal diaphragm (9) disposed inside
the val ve chanber (8a') so as to contact the valve
seat (8d) through a downward pressure and to be
separable fromthe valve seat (8d) due to an elastic
force of the netal diaphregwii®) when the downward
pressure i s absent; a bottoned tubul ar actuator box
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the body (8), wherein the actuator box (13) has a
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via the hragm presser (14)%) a piezoelectric
fixa@tteafher béddf )8 ans ehvirts kHeudder wal Yatsy vilerelinlfhe upper wall
wherein an upper end of the piezoelectric actuator
(1(BPdf ihe spiippase ¢l pissinsentedbity amt elangatedpguidediote (18c) that is
end of the actuator box (13), and wherein a | ower end
foofied lie a peegliebbetlli at adowat end([ddion ofthp pantuaier dox (13) to
the upper wall (11b) of the split base (11), and _
faot @neiipperhsurfacsz obBeletiors wiall (h3ar of e actwator: kpié1B); a disc

wth a ication of a voltage to piezoelectr
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dié)éﬁr‘égﬁp [S?)Sﬂoogontact with the valve seat (8d) via the diaphragm presser

(14); a piezoelectric actuator (16) housed inside the actuator box (13), wherein
an upper end of the piezoelectric actuator (16) is supported positionably at an
upper portion end of the actuator box (13), and wherein a lower end of the
piezoelectric actuator (16) is supported on the upper wall (11b) of the split
base (11), and wherein the piezoelectric actuator (16} is extended upward with
application of a voltage to piezoelectric elements in the piezoelectric actuator
(16) so as to press the actuator box {13} upward against the elastic force of the
disc spring (15) so that the metal diaphragm (9) separates from the valve seat

(8d) due to the elastic force of the metal diaphragm (92); and a precompression

34



34 mechani sm (20) provided between the upper wall (11
b) of the split base (11) and the |ower end of the
pi ezoel ectric actuator (16), wherein the
preconpressi on mechanism (20) is disposed to apply a
conpression force constantly to the piezoelectric

el ements in the piezoelectric actuator (16). 2. A

pi ezoel ectric driven control valve conprising: a body
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tubul ar actuator box (13) disposed above the valve

2.chanbepietS6lebtricVdiRieti forftrd| Yale EHHpRSIKG! MRy (BW?rowded with
actuator box (13) is fixed to the body (8);
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inside the | ower end portion of the actuator box (13),

a wietaladiaphtagm $dedisp@Ed inside thel vde whamber ¢8aplsoaso contact
presser (14) provided at a |lower end of the stem (26)

the yalve seaty8d) through aacdownwardmremuee asdrtbabmsemarabte from the
metal diaphragm (9); a piezoelectric actuator

valuseat (80 dus tncamelasicoorom of (thg)metﬂh&i@phfalm (;%)owhen the
end of the piezoelectric actuato I S_support
dayywrardorressyreats %s‘mspar UBHi@r ;?&tltﬁteh befc (# Rk d&@pﬁaﬂcﬁbove the
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thersieet €26) Redadresser i lcBhfRt IWitlRk SfalppdRiffaddhak the metal
conprises the valve seat (8d) and that portion of the

digptiragnr{ 9 pa gt elébtric achrNbBCIE) Wouket esidé the agRitor box (13)
(8d), wherein the piezoelectric actuator (16) is
wheteian dard dpperaerdl Wit the piezoelectric actuator (16) is supported
positionably at an upper end portion of the actuator box (13}, and wherein a
lower end of the piezoelectric actuator (16) is supported on the stem (26); a
cushioning disc spring (27) provided between an upper end of the stem (26)
and the lower end of the piezoelectric actuator (16) and, when the metal
diaphragm (9) contacts the valve seat (8d), the cushioning disc spring (27)
absorbs extension of the piezoelectric actuator (16) so as to apply a
predetermined pressure force to a seat member that comprises the valve seat
(8d) and that portion of the metal diaphragm (9) in contact with the valve seat

(8d), wherein the piezoelectric actuator (16) is extended downward with

application of a voltage to piezoelectric elements in the piezoelectric actuator
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application of a voltage to piezoelectric elenents in

the piezoelectric actuator 35 (16) so as to press the

stem (26) and the di aphragm presser (14) down via the

cushi oning disc spring (27) so that the netal

di aphragm (9) is brought into contact wth the valve

seat (8d); and a preconpression nechani sm (20)

provi ded between the | ower end of the piezoelectric
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wherei n the preconpression nmechanism (20) is disposed
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pi ezoel ectric elenments in the piezoelectric actuator
cofieg} Bith The piabzosieat t(8dg; @nidv an presumpressiany enechanism (20)

according to claim1l, wherein the preconpression
prmda@nb@meeaoth:@vper gzag oh t@@a:nezcmiggtgq actuator (16) and the
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dispcered RRYVel @éﬁ.é&lﬁﬂhnréewwl.d@ﬂ tRe fpué;,fmécﬂa@r.etcl@ufmbal(16) and
surface at the |l ower end portion of the actuator box

withid the adtuatahiesx {18, Wheesinearduppeecend fadee of the precompression
preconpression part (21) cones into contact wth the

panpf@dr) isvirl torfithtt Wjthaf displacepiértt hembe( (16a) proeided on the lower
preconpression disc spring (22) presses the
engr ot dng miszialectjaractyatoy (éﬁhsan¢avh@relnpaabwe$oerais fage of the
apply pressure constantly to the piezoel ectr
precemprassiamperd2)) dg sentadiable with the cswpe(mall (m b)wfethe split
pi €zq

o 15 5o et U B e
(2? a)ngir th%epsrecgmipgsfstlonsgalq?%)Dr TR é&?es portlon {13d) formed on an
inner peripheral surface at the lower end portion of the actuator box (13) and,
when the lower end face of the precompression part (21) comes into contact
with the upper wall (11b) of the split base (11), the precompression disc spring
(22) presses the precompression part (21) elastically upward so as to apply
pressure constantly to the piezoelectric elements in the piezoelectric actuator
(16).

4. The piezoelectric driven control valve according to claim 2, wherein the
precompression mechanism (20) comprises: a shaft-shaped precompression

part (21) provided with a flange (21a), wherein the precompression part (21) is

disposed to move vertically directly under the piezoelectric actuator (16) and
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part (21) provided with a flange (21a), wherein the
preconpression part (21) is disposed to nove
vertically directly under the piezoel ectric actuator
(16) and 36 within the actuator box (13), wherein an
upper end face of the preconpression part (21) is in
contact with a displacenent nenber (16a) provided on
the lower end of the piezoelectric actuator (16), and
mherein a lower end face of the preconpression part
Is contactable wth the cushioning disc spring

(VZ'V)‘" theyaetuatop rbéédﬂr%)r deTein agi urpes gpe acy Q&ywemrgwrag@ssmn
B a8 2 Pl e per B B aRoRt B ower
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ireeipieesioh QrarP @2 1) i§ ZbhtzREIBRS Witht MieCOBhRMing \tish éd’rllﬂg (27);
cushi oning disc spring (27), the preconpression disc

sand an greCRAIprEIseysAIsC sprng (?fzépmmﬂeitmtwaep she figrgee) (21a) of the
el astically upward so as to apply pressure constantly

RSCEOBPISSHPBAPAIL (#1)e 20 cAsiRPerinPetian i adh@Tmad, P an inner

apcetrl%ﬁteroarl s&%aée a? t%e lower end portion of the actuator box (13) and, when

the lower end face of the precompression part (21) comes into contact with the
cushioning disc spring (27), the precompression disc spring (22) presses the
precompression part (21) elastically upward so as to apply pressure constantly

to the piezoelectric elements in the piezoelectric actuator (16}.
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