SPECI FI CATION Direct Touch Type Metal D aphragm Val ve
Field of the Invention [0001] The present invention

relates to a direct touch type netal diaphragm valve
such as is mainly used for gas supply systens and the
like in sem conductor manufacturing facit+ities—TFhe

present invention also relates to a direct
net al di aphragm valve with high durability Wﬁmmmmﬂm m”ml
it possible that the petitions
open/ cl ose operation W@r’ g‘trléﬁ consi der abf'yt%*
i ncreased, and that the variation of flow
char act eri st Pé&ct oyulraMetyl Digpheagsh Vatven| y
mai ntaining a flow rate coefficient of the valve.
Background of the Invention [0002] A direct touch type
nmet al di aphragm val ve (hereinafter called a "netal

Field aptnedgrentidrve”) is generally structured as shown in
Figure 10. It is not only excellent in responsitivity

[00any Mee! peteEBDiRINtivn abldtbsitda diett MU f fyﬁeemﬁtdl"d@phragm
near-particle free characteristics. Therefore
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fields such as facilities uct or
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24 de nates a bonnet esi gnates a bonnet nut,
pO%b'&égﬁéﬂstw%Prcﬁfgepetztwr@ég.tgﬂ 2bes/dlpss epaalignf the valve is

presser, 28 designates a stem 29 designates a handl e,
corzgderablydiasrensede aadfthat the variasionaefdflaychatactastics is reduced

desi gnates a val ve chanber and 33 designates a val ve
by semns df st#blf Inididtgisieg agfow satel cedfitidnyt ofghasvalye. a net al

di aphragm 22 that is pressed from above to a valve

seat 33 through the nediation of the di aphragm presser

27,

Background of the Invention

[0002] A direct touch type metal diaphragm valve (hereinafter called a “metal
diaphragm valve”) is generally structured as shown in Figure 10. It is not only
excellent in responsitivity and replacementabity of fluids, but also is exhibits
near-particle free characteristics. Therefore, the metal diaphragm valve has
been widely used in the fields such as facilities for semiconductor manufacturing,
chemical goods manufacturing, food products manufacturing, and the like.

[0003] According to Figure 10, 21 designates a body, 22 designates a metal
diaphragm, 23 designates a stopper mechanism, 24 designates a bonnet, 25
designates a bonnet nut, 26 designates a disc, 27 designates a diaphragm
presser, 28 designates a stem, 29 designates a handle, 30, 31 designate a fluid

inlet and outlet, 32 designates a valve chamber and 33 designates a valve seat.
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while the fluid passage i s opened by neans of the

di aphragm presser 27 that is pulled upward to restore

the netal diaphragm?22 to its original reverse-dish

shape. A detailed descriptionis omtted herewith

because this type of netal diaphragm has been

di scl osed by others (e.g. TOKU KAI-HEI No.5-80858, and

the like). [0004] The afore-nentioned netal diaphragm

2, 1s nornal formed with a |an nated body nmade out

AT pes30s 'Bicg’s@é’ byt Mg ans o) agnetahfiaphr M #2hal sgyessed from

steel made plate, and is made by nmeans of a bul gi ng
abexsu @) aj Yalve seabBSethiough Sraprediafion pé the dianhragmt presser 27,

| am nated body cut in a round shape. The maxi mum
whiteithghfluid pdssafjetihepboedibygnpens iobtheofliapheagm presser 27 that is

reversed-di sh shaped netal di aphragm 22 is set at
pulpbupwiardittel nesforé the etalnaaphidyn T2 8 tseofiginkl fRRIse-dish

9.52 mm4) nmetal diaphragm (outer dianeter of
shai" O ideRdiR4Yd2&mpribh- is[HARRH H_&%mﬁtfhoﬁé?én%'é_t trﬁ’é‘?ydpte of metal

val ve seat 33 has been nmanufactured by formng 1

sago 153 P 1508 SO REFLLATTEARSIAT KT o, an

thei Intigrally formed with the valve body 21, thus the
\)éﬁe e seat is fixed by partially clapping it to the

di oove. [0006] Thus, it is necessarily ]
IOOBQLuﬁﬂgd%ﬁ%fn%m{%e@elfﬁ&gk@laﬁérmr% ys nermaly deraed oMth a
vol une of the netal diaphragm22) is nmade to be |arge
laminatgdidyt adp st i Letar B@igdasivb dad. dmmdbink Painidssgsteel
t hrough the fluid passage because , as shown in
madeglate, 40d is madedyemsans bpddigieg atowdd aphregms@lisisshape in
enpl oyed for this type of netal diaphragm val ve.

theAreoerthfnge Yamindee/BbdecutsinSorotmdashabal  FheMBXXiMUm height A
bul ge height A h of the netal diaphragm 22, which is

h ohtigBlIging pbritoh @etrcéeffe%l’%a-ai@htslhgpés\hﬁfétéﬁdi% ARRYM 22 is set at
made | arge, and the distance nearly equivalent  to the

appBkBteiN 1.F 18RS tAnPSith fivd | ardtd-Richtidred’ 9152€ YRl ¢ € metal
diaphragm (outer diameter of approximately 26mm ¢ ).

[0005] The afore-mentioned valve seat 33 has been manufactured by forming
it in a desired shape using engineering plastics (e.g. PFA), and fitting it into a
valve seat holding groove integrally formed with the valve body 21, thus the
valve seat is fixed by partially clapping it to the holding groove.

[0006] Thus, it is necessarily required that a valve stoke AS (namely, a
deformation volume of the metal diaphragm 22) is made to be large in order to
increase the flow volume of gases passing through the fluid passage because
as shown in Figure 10, the reverse-shaped metal diaphragm 22 is employed for
this type of metal diaphragm valve. Accordingly, the valve is so made that a

maximum bulge height Ah of the metal diaphragm 22, which is normally



[0007] As a result, the netal diaphragm?22 is
deforned, by size close to the bulge height Ch, with
t hrust when the valve is closed in the case of the NO
(normal |y open) type netal diaphragmso that the netal
di aphragmis pressed to a valve seat 33 so as to be
in a near-flat shaped configuration. It is also sane
with the NC (normally cl osed) type netal diaphragm

oo B ) e L e

st, so that.the diaphra omes_near-fl at
eqw%éseﬁpo Bginight 20LisMeaC s be 2 M stiakear B o disvalve.
verse-di sh shape due to elastic force and fluid

[0087133@&@ result, fe rfﬁ@fﬁl dipRksARgA I defasmedn dyvsize glose to the
opens. [0008] On the other hand, as stated above, the

bulgeheight 1 ovwithittbrust wiers the pelveds cresed inlitheltaagrof the NO
valve is closely related to the valve stroke AS of the

(nomaally opdn ptypeageta? diaphhagmneakihagthe mees slidpteabis préssed to
greater flowrate of fluids is chosen by making the

a ViRVt 330ke ad\to herig ey neéhﬂﬁVﬁfapeGSco?m?h%ilo%boVﬁs 188 same
el astic deformation volume of the nmetal’ di aphragm has

t 8,00 I 0 n th
with e el SBtosel e aetol Sidfiirabm, ek, "Tpe, metal
i,nsi de,. di aneter .
diafradin Q?F%‘%ﬂé%ﬁ%saégw (41 Qthn%mtgg%wgegﬁwg&%h, atal
e nmat e 1.2 tqQ 1.3 mm becaguse _
timps W st ?ﬁﬁﬁ%&h%éﬁ Yeigom ReComemmpssr e shaped. and is
cracks and the lik are likely to be caused due to
res{qiad d@ff@rmm@'nbwgefi HéVWéﬁacﬂlsmsagﬁeai;m @zela[sogcﬁtgr]cepw fluid
di scl osed above, the rel ation between the val ve stroke
preasursfofithe metbdiapheaar @2ashem ths valvepipeagm val ve and
the flowrate and the like is generally indicated by
(0088} | Ow thetatheobénd caestatéddaboed, thg makimens flowi rate ef thys type
the 3 definition of the Cv value of the
of rabtil eiapnagenedvy & viestly refated i@ the viRbutroke @ of thdwetal

rate expressed in gal/mn when clean water flows while
diabRRIIMPA NBus making it possible that the greater flow rate of fluids is
chosen by making the valve stroke AS larger. However, as stated above, the
elastic deformation volume of the metal diaphragm has its own limitation.
Therefore, normally, with the metal diaphragm 22 (having an outer diameter of
26 mm ¢ ) of a valve having an inside diameter of 9.52 mm ¢ of the fluid passage,
the maximum bulge height A is limited to approximately 1.2 to 1.3 mm because
the larger a maximum bulge height Ah becomes, the more cracks and the like
are likely to be caused due to the deformation of the metal diaphragm 22.
[0009] As disclosed above, the relation between the valve stroke AS of the

afore-mentioned metal diaphragm valve and the flow rate and the like is

generally indicated by a flow rate coefficient (Cv value). More specifically, the



differential pressure of the valve inlet and outlet at
1 psi." When the fluid is water, the Cv value is
derived from [mathematical expression 1] Q = Cv (p
~-p2) /IGI' Equation (1) where Q = the flow
rate gal/mn, P,' = inlet pressure psi, G' is the
specific gravity of the fluid (when water, G' = 1)
and P2' = outl et pressure psi . [0010] In the case when

ed on the jdea that is the
el gHb8 G \RuBaTine RS ErBPatiofied afee T nbvient Vaie ot the
the Cv value is derlved from [rmathematical
ﬂovxéxrefeesegﬁpa%sad 3 dellegih Py Gleant ey, dpWsWHS Kepming the
(p 1 -P2) P2 where [m/h (standard state)] is the
d'ffene@m# arassgfe ohdhgagiva inlpleand audlat at st psic’  \(V®O, thesluid is
mmHg abs), t [C] is the gas tenperature, Gy is a
Wat@pébeﬁ\cvc‘gua\i@; deriedd frome gas (when air, Gy = 1), Pi
[MPa abs] is the primary side absolute pressure and
P2 [ MRatrevsdtidat ekpeessgotidary side absol ute pressure.
[0011 ] Furthernore, the gas flow rate Qy, and the

W neasured b SI ng a & val ue
as&r t—P&d{Glevi ce "as s LionFidure 8, and the

Cv value is calculated by Equation (2) using the

wheres uQt =othet fiew mats gaprBmt P1'AS iBoYredayirdip8HI @I 8 ttﬁ\é ispecific
a fluid under the test specinen (N trogen gas),
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tenperature (at roomtenperature of
from:
[mathematical expression 2]
_ Qg |Gg(273+1)
4140\ (p1—p2)p>

Equation (2)

where Qg [m /h (standard state)] is the flow rate of the gas at the standard state
(15°C, 760 mmHg abs), t ['C] is the gas temperature, Gg is a specific gravity of
the gas (when air, Gg = 1), P1[MPa abs] is the primary side absolute pressure
and P2[MPa abs] is the secondary side absolute pressure.

{0011}  Furthermore, the gas flow rate Qg, and the like, are usually measured by using a Cv value
measurement test device as shown in Figure 8, and the Cv value is calculated by Equation (2) using
the result of the measurement. As shown by Figure 8, N is a fluid under the test
specimen (Nitrogen gas), B designates a pressure reducing valve, C designates
a filter, D designates a mass flow meter, E designates a manometer, and F

designates a test specimen valve (a valve to be tested). The secondary side of



20C), with the primary side pressure = 0.01 MPa, the
secondary side pressure = atnospheric pressure (open
to the atnosphere), and the val ve opening degree = 10
to 100% (arbitrarily set). The Cv value required for
the netal diaphragm valve is approximately 0.55 to
0.8. In the case of a valve having a dianeter of 9.52
mmd), the Cv value is approxinately 0.7 when the

max m.bul ge ta hra m22 is
25| SRR F R bpadte e alifngPidTe o SRR BasT conducted
onvent i onal nmet al di aphragm val ve of th| s type, there
unders thee sandijons 4| 2 Nitragen Jasc teamaeratiyg: (atgopan éempetature of
on a_netal diaphragm Specifically, the durability of
20{hewithIthe parpaTe skisdpiegstree= A Paothecsanondanuside pressure =
open/ cl ose operations of the netal diaphragmvalve is

atmaosptledricypraggureXopan &b thelathdsph2re yyahd ithoe valiveepenirendegree =
the valve has a fluid passage of 9.52 mmlv , and

10 ap pt@D&h N@kisitrariy $et).10THe |Gy Qaldd irdddefortthe atal &lididsragm
a fl uu(j) passagg of 6.35 mmd). V%n t he nunber of 9

valV& R€abbrSamatdly 10085 %’@rﬁ qhape QRer&th Q/BIV%XH‘%HQ a gilé?neter of

above Stated durability nunmber, normally damag
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introduced sem conductor  nmanufacturing facilities,

(008 ¢ W@hﬁl%‘@ﬂ@%ﬂ‘?ﬁ&! elﬁp@rwéfﬁl\@eagm 1ype) theetascpeen
for processing because the nunber of repetitions of

a popRiaItings eracksaradpbito be cauged pir agrataladiaphiagm.heSpegifically,
supply systemis substantially increased.

theAdemmbdlity gif ythe wahicoazpréssathiblyi the dufrbiec wif tdoesinaoes open/close
encountered in practical use of continuous open/close

ope@atioas | afnthewhidtaladiephvgrhi e isaickmallp @bcfa@hrmmy 1.5 to 2
valve (in the case of a 9.52 nm4) netal diaphragm 22

milliéy | fedNwhent %@WQV@W&@raoﬂwa(spﬁ%é’ge SR X1 it &) Y and
1.5 mllion times with a full stroke

approximately 8 to 10 million times when the valve has a fluid passage of 6.35
mmd. When the number of repetitions of the open/close operation exceeds
the above stated durability number, normally damage is caused due to

the repetitions of displacement of the metal diaphragm 22, thus resulting in the
need to replace the metal diaphragm valve more frequently.

[0013] This is particularly true with recently introduced semiconductor
manufacturing facilities, which employ the ALD (Atomic Layer Deposition)
method for processing because the number of repetitions of open/close
operation of a diaphragm valve in the gas supply system is substantially

increased.  Accordingly, various durability difficulties are encountered in

practical use of continuous open/close operations with a conventional metal



AS = 1.2 mm and approximately 2.5 mllion tinmes wth
a full stroke AS=1.0 m). [0014] Wth this type of
conventional diaphragmval ve, there renains an

unsol ved problemthat the Cv value is difficult to
stabilize due to changes of flow rate characteristics
over tinme, that is, the Cv value is easily affected by
changes of the Cv val ue over tine. Specifically, for

diafh e?’%&’ SRt et o S e”m%vén%a' ﬁgérm #%”Meng an

a ded due to the act t | synt het
outS B Hameter PhES (B - Fepskmbiel: | raiam low ot asfy" stroke
espem aI I y when tenperature of fI ui ds passi ng throug
A el ¢anie ang apprgiimately 3domdlion timesnwidh @eMrS’fmkeoﬁXS =1.0

over time is apt to become bigger. For exanple, with
mmy. conventional valve of 9.52 nmq), when the fluid
tenperature rises from20C to 150 C, the val ve seat

[0038] sWiith sthismtypee ofncomeertianal \dieggteagmme valvieavhbre/ gbmians an
(alift stroke) of a stemis fixed constant, it is

undohsttpidbiémtthat thea®y variess @fﬁléulﬂtcﬂsﬁﬁmﬁé‘?ﬁj‘é&o changes of flow
approxi mately by 18% And, when open/cl ose operaftions

raté‘&ﬁa:%%%k@%v\épﬂﬁfe G495 LHhanSy Q%Iulé' ig ats ”Bﬁé?tterl t{jf changes

low rate at the tine when

ep. a with t
of ?‘%r @g TaLersE %ﬁgag%p%ﬁ‘s%@ B 5?@V?%@P@5§%%taﬁﬁraphragm
t chi.ng. of f in enin
Va'\‘%rasa%&wn Ef%ﬂﬂ gﬁ%e&{ ronrthe ehi 5 a{&%@ﬁh e cannot
ow rate and pressure, accurate control of the flow
be P&?l@egm%%mmt ¢hatrd ByBibictie xpsint mataril (PRA) iseasesh for the
that the relationship between the degree of valve
valypeeaings; aispeciady Whew teatperstuas gé fuids ifassingghrdu@bithe valve is
Pat ent Docunment 1: TOKU- KAl -HElI No.5-80858 6
higini el afoue-enaftioned defoenatiamovébiirmetis @t th®etomrenbigger. For

example, with a conventional valve of 9.52 mm ¢, when the fluid temperature
rises from 20°C to 150°C, the valve seat 33 swells, while in the case where the
travel volume (a lift stroke) of a stem is fixed constant, it is found that the flow
rate of fluid decreases approximately by 18%. And, when open/close
operations are conducted under conditions of high temperature, the flow rate at
the time when the valve is fully open increases due to changes with time. As a
result, for a metal diaphragm valve flow rate increases only for switching of full
closing or full opening, and for a metal diaphragm valve for controlling both the
flow rate and pressure, accurate control of the flow rate and pressure cannot be
expected for the reason that the relationship between the degree of valve
opening and the flow rate changes with time.

[0015] Patent Document 1: TOKU-KAI-HEI No.5-80858



[0016] The present invention solves the
above-nenti oned problens with a conventional netal
di aphragm val ve, nanely, (a) for sem conductor
manufacturing facilities, and the like, which enpl oy
an Atom c Layer Deposition (ALD) nethod for treatnent
processing, due to the fact that the frequencies of
open/ cl ose operations of the netal diaphragmvalve is
i ncreased substantially, the conventional netal
di aphragm val ve, which has a durability of 1 to 2.5
.mllion_ tipes expressed by the nunber of continuous
Disglpsire ohthe ByeniPhons, needs to be changed with
I ncreased frequency and mai nt enance costs go up, and
Obirgt of dialiventeBones troubl esome, and (b) the shape of
the val ve seat changes over tinme, which causes
[OOriBlic tTureet ipoeserdfinvémtidly soblesethehabovedmergionedwproblems with a
characteristics of the valve unstable. Al so, a primary
co@rtiohaPf métal paegtHthgm NVeREl Omantely,0 @)OViode semiconductor
direct touch type netal diaphragmvalve that makes it
maPRPSitlifg Fauilitler aRbltheYikel whith ¥@abis aﬁ%«%rﬁﬁsﬁﬁyfbeposition
conti nuous open/close operations, to be remarkably
i : ! ¢ Copic i
(ATEREARS ) RepmaR PR RIS I Bt dhaf el ReGencies of
he, Qv val ue). Thi.s obj.ect. | achi eved by neans of .
ongIosy: erdts & e SEHELHiArheadB VAT iy Monr i atbstantialy,
constitution as that of the conventional one, and .
the gpvengpnabielal fiarnragm yale. gviigh hagia dureraty pk1 f.34 million
~affected by agei ng because its flow characteristics
tlrr@rseemra%ﬁ%{ by ghmmarmfmt@u@us ippeatgless opeatipps, needs to
I nventors of the present invention have focused
be atthangadowitin indrabsedhefreqgharadyi bnty m@iftenanederostd go up, and
conti nuous open/cl ose operations) of a netal
maiiitepaneg rbecnes itsoublesahy, raidatey the $hepeyalfvthes tviablee seat
AS, and that the valve stroke ASis directly related

chagddevéd el dheecefliddsCligtiatidhs( bhpe@y V/éldéel)nus;rrhﬁking flow

i nventors st udi ed and exam ned the correlation o
ch&¥acaRistits Yor ¥R VEIVEL LRKBbRS Also, a primary object of the present

invention is to provide a direct touch type metal diaphragm valve that makes it
possible for durability of the valve, expressed by continuous open/close
operations, to be remarkably improved without decreasing flow characteristics of
the valve (that is, without substantial decrease of the Cv value). This object is
achieved by means of employing a metal diaphragm valve having the same
constitution as that of the conventional one, and that, at the same time, has a Cv

value that is less affected by ageing because its flow characteristics are stable.



and flow rate coefficient Cv of various netal

di aphragm val ves by using the afore-nentioned Cv

val ue neasurenent testing device shown in Figure 8.

[0018] Table 1 below, Figure 6, Figure 7 and Table 2

and Table 3 below, and Figure 9 show one exanple

study. Through various tests, it has been | earned

that, with a conventional netal diaphragmvalve, an

i ncre of the Qv value reaches a saturated state
Meﬁﬂéﬁo?‘ﬁg'e\@ltb% QRieglke AS exceeds a certain val ue.

hus, to obtain a prescribed Cv value, there is no

IOOH@bdh\@nthﬁeofvma/@reﬁerlbweq@ont Ao forusedt attengionhen that the

same as the full stroke AS, which is equal to the
durmabgtityrufiine bouopbenhepfjhtontinuofist bpentlade dyEpbtionsh 22. a metal

I nstead, a Cv value exceeding 0.55 to 0.7 may be
diaphiigev edivai ishclaselgl remated o khe ARINER%iroRe a/ISei it tHedt the valve

approximately 55 to 70% of the maxi mum hei ght On.

strdl&ol@a\a id Hﬁ‘e@t’lye?e%‘tted' tB"(ﬁ@tﬂbWrdté cBefRERT fife Cv value) The

af ore-nenti oned findi ngs. he present 1 nv ntion,
d f
e et SR oo

0 ed with ve se on
and R, Be e dticBRy £38L SRAGu ol st a%waygsﬁ&f Using the
nmuni cation to a fluid inlet 10 and a fluid outl et
afo_rﬁ q&?@?glé)‘ﬁ}’%]ﬁﬁr"&%ﬂ%%eﬂhe”tb‘?%%gd&j”%ﬁa%%WFHéwa@@
and to hold herneticity of the val ve chanber
[001Q] Tableu 1 betaw, Fenteabt Elgure t/hantdabl dearskdable33 bglow, and
its center part noving up and 8 down. A stem8 is
Figpren i stexw ainevexarhplensitidy. Thraplghagaricuisf iestd, riekasléseantarned

/ascent, which allows the center part of the netal

thatli with raagomZ ritionde setalddiaphehgranvaigd, ugh GicrB8ass dfrte i tedalue
that allows the stem 8 to descend or ascend, and a

rea@hess estapited stateswhém\thaldhvabstyskd e Soskciedres cBRSalue.
part of the netal diaphragm?2 to hol d the netal

Tk SEOARATEoSETEL o L DobRER ARl AN Sl o
to Béo%tadglto%léethg%ﬁﬁ%’]& EHze full stroke AS, which is equal to the maximum
bulge height Ah of the metal diaphragm 22. Instead, a Cv value exceeding
0.55 to 0.7 may be achieved with a valve stroke AS having a height of
approximately 55 to 70% of the maximum height Ah.

[0019] The present invention is based on the afore-mentioned findings. The
present invention, as claimed in Claim 1, is fundamentally constituted so that, for
a direct touch type metal diaphragm valve made up of a body equipped with a
valve seat 13 on the bottom face of a concaved valve chamber 12 for
communication to a fluid inlet 10 and a fluid outlet 11, a metal diaphragm 2 is

provided above the valve seat 13, and to hold hermeticity of the valve chamber

12, is directly contacted with the valve seat 13 by its center part moving up and



the stem8 at the tinme of the valve being fully

cl osed. The afore-nentioned netal diaphragm?2 is nmade
up of a lam nated body conprising a plural nunber of
thin stainless steel plates and thin Nickel Cobalt
alloy plate is forned in the shape of a round,
reverse-dish with its center part bul ged upward, and
the 55 to 70% di stance of the maxi num bul ge hei ght Ch

dofg. b2 sRet Ehis ROMIGET APoSe e “”‘38 s 2 &5 fg8 siocent
The resenﬁ i nvention, as claimed Claim 2_accordi n%
lascgntyiigh gllows thegeater Parhat thenmets) cjantiadst 2dnsiessend and

at the tinme of maxi numvalve stroke AS is made to be
an@aeatpp Soisgropgiegithatiedows dberitemn§ datdesaend oraasgendd and a
in Caim3 according to Caiml or Caim2, is nade
presss BHaptorh@ isepedvidikdbovgntize icitemgeripbelveard dfutige metal
curvature that is 66 to 65 nmw th an outer dianeter

diaphrdgmn2nt hold thel grtalcdiaphtdgne 2 harmieticAR betidermhe press
with an outer dianeter of 18 to 20 mmcb , or a bulge

ade't"oY Qtéﬂfdethbrbi\ittdrﬁ face ¢fAh8 v al@d dMatn'?oeﬂrrlarRHbed'orﬁl‘o@fFFé @éscent of
24 to 26mm ( [0022] The pr esent |nvent| on,

thef %@n’?ﬁ at 'Phéjtl énof‘t G BEingPr i, A4 83 am na{?f‘%%brgngntnoned

emeta dlap agm2|sa und,

gl 3 i S i s oo

Its outer dia r is 24 to 26 mm 4
of mﬁg@'wéﬁaﬁfe t'aatgswi thip Blickey ﬁﬁbakoalmeola@ssﬁefmed in the
val ve stroke ASis 0.65 to 0.8 mm [0023] The present
shapg ehaireund aeverse-aisth with & aentes pacdurgedygpward ancthe 55 to
to Caim4, is made so that the valve seat 13 is nade
70% distaries, ohthﬁ eraxBnus bplgevieight v b lof ahe sdfoee-stentibeed metal
adj ust mrent mechani sm 16 so that the valve stroke AS
diapbragh isisedgalated tocee thonmmximascvalbediroke A& ofthbyalve

af ore-nmentioned val ve stroke adjustnent nmechani sm 16

[08ROEr ThenbreBEAURVEREH, CAPERIABE IRICISIRS 20dcdoiding to Claim 1, is
made so that the Cv value of the valve at the time of maximum valve stroke AS
is made to be 0.55 to 0.8.
[0021] The present invention, as claimed in Claim 3 according to Claim 1 or
Claim 2, is made so that the metal diaphragm 2 is made to have a bulge
curvature that is 66 to 65 mm with an outer diameter of 15 mm &, a bulge
curvature that is 62 to 63 mm with an outer diameter of 18 to 20 mm ¢, or a
bulge curvature that is 59 to 61 mm with an outer diameter of 24 to 26mm ¢ .
[0022] The present invention, as claimed in Claim 4 according to Claim 1, is
made so that the metal diaphragm 2 is a round, laminated body made out of 3

pieces of thin stainless steel plate and 1 piece of thin Nickel Cobalt alloy plate,

and its outer diameter is 24 to 26 mm ¢, the maximum bulge height Ahis 1.2 to



val ve are performed over 3000 to 10000 times. Effect
of the Invention [0024] Wth the present invention, a
di rect touch type netal diaphragmvalve is nmade so
that the maxi mum bul ge hei ght Ah of the netal

di aphragmis 55 to 70% of the size (distance) of the
maxi mum bul ge hei ght On, which is the m ninum

requi renent to obtain a desired flow rate coefficient

3t edd R RIS ls BRI amaSHH e B B8R an st Tess
_ _ _ !
10036, TRPiBsoRt inverlivn. 6 CHIBEHAI S AT SadcAKng Sl 1 10

time, a prescribed flowrate coefficient (Cv_value) as
Clainaghi isefnads so|that dee vabue saat 43rissmade withiRFAoesstene 8 is
that the feasible nunber of repetitions of continuous
progisied/ with sievalye stroke msljustimech miaothiaozne d 6t svethdt tiad vhivieystroke
of the netal diaphragmvalve, is raised to

A Sppadjustedtaridyfixd toca Bfedorined sehasluefbyt the afeanmrsttibRBavalve
nmet al di aphragm val ve. [0025] A stroke adj ust nent

strdRCAGNs R ntsmBERNhigRN1 @ efer dbAthidud HieMERIEWperations of the
i nvention, and approximately 3000 to 10000 conti nuous

' ted before shipnent
val@?%ﬁﬁéﬁéﬁné’cﬁ’%@éﬁ 360 to %@cg(ggﬁ@;éc e Ip

e valve 1n order to n the synthetic resin
made val ve seat in order to achieve its stabilization.
As a result, the 10 so-called changes with tine of

at are substantially reduced, thus the

t he .yal ve s
Eﬁ?&(ﬂﬁ/\{?%r’ye@g@f‘fi cient Ov (Cv value) is nore stable.
Brief Description of Draw \r}qgs [t0026] Figure 1 is a
[00¢#bs¥itetha pragens dnaniionc aviisgt dpueh dinectetalodisphiagpe valve
nmetal di aphragm val ve in accordance with the present
is madesoitbat the mbginnasdulde height Aheofdhaphetad diaphiragmiis 55 to
of the NC (nornally closed) type. Figure 2 is an
70%xpl dveatsirey (distaniced ofhibvei ngxandel bulged heigihdi AhQrwitith is the
t he
minimum requirement to obtain a desired flow rate coefficient Cv without making
it the full stroke AS of a valve, thus allowing distortion volume and distortion
stress applied to the metal diaphragm during open/close operations of a valve to
be smaller, and at the same time, a prescribed flow rate coefficient (Cv value) as
required is fully secured. As a result, it is possible that the feasible number of
repetitions of continuous open/close operations, which indicates the durability of
the metal diaphragm valve, is raised to approximately 20 to 30 times that of the
conventional metal diaphragm valve.
[0025] A stroke adjustment mechanism is provided according to the present
invention, and approximately 3000 to 10000 continuous open/close operations

are conducted before shipment of the valve in order to break-in the synthetic

resin made valve seat in order to achieve its stabilization. As a resuit, the

10



nmet al di aphragm when the valve is closed with a val ve
stroke AS = 1.5 mmin accordance with the valve
enbodi mrent shown in Figure 1. Figure 3 is an

expl anatory drawi ng showi ng a deformed condition of
the netal diaphragm when the valve is open with a
val ve stroke AS = 1.5 nm in accordance with the

val ve enbodinent shown in Figure 1. Figure 4 is an

AT A B I8 B LT G s o

val ve stroke AS = accordance wth the
ﬂoWd?‘iF‘eC%‘?fB‘EJGPP@Ht(CgP{@W? N%ﬂlﬂrg@ﬁabq Figure 5 is an
expl anatory drawi ng showi ng a defornmed condition of
the netal diaphragm when the valve is open with a
val ve stroke AS = 0.7 mm in accordance with the
BrieaDescrptimodof@rawisgown in Figure 1. Figure 6 is a
di agram showi ng the rel ati onshi p between the val ve

[002%6] oFRguke 1 Mad ¥R skidelioRaischBmdticONew af @ didch taucray¥€ metal
in accordance with Figure 1. Figure 7 is a diagram

dla?h%rﬂ ANl gk&drianed 'vﬁthbfﬂe"‘ﬁt%%ehh ﬁ\v\éﬂwg uisrtr%ﬁé’ k8 sBvherein

valve lift) and the Cv va e Wt

t: bl ock system
th@&'ﬁébﬁa‘;’ﬁ“?a%£oﬁ§%§‘ﬂ;ﬁe orme 2E8e0) bBsT oo 11 neec
t re. 9 is th
. | | LGRS B e%hl%%ﬂcgm%wm%oma defqnpe cgndition of the
gure 10 is a cross sectional schematic diagramof a
meéfeirﬂ)%hrasnawheauth@mal\t%@cqiowbwhea 42Ivai Higeadn® val wemm in
Li st of Numerals and Characters [0027] A Driving

ac¢qrdpacg withythalvaviexembediBigrdshwinghtFigireal.bul gi ng part
AS Val ve stroke (valve lift)

Figure 3 is an explanatory drawing showing a deformed condition of the
metal diaphragm when the valve is open with a valve stroke AS = 1.5 mm, in
accordance with the valve embodiment shown in Figure 1.

Figure 4 is an explanatory drawing showing a deformed condition of the
metal diaphragm when the valve is closed with a valve stroke AS = 0.7 mm, in
accordance with the valve embodiment shown in Figure 1.

Figure 5 is an explanatory drawing showing a deformed condition of the
metal diaphragm when the valve is open with a valve stroke AS = 0.7 mm, in
accordance with the valve embodiment shown in Figure 1.

Figure 6 is a diagram showing the relationship between the valve
stroke AS (valve lift) and the flow rate with a valve in accordance with Figure 1.

Figure 7 is a diagram showing the relationship between the valve

stroke AS (valve lift) and the Cv value with a valve in accordance with Figure 1.

Figure 8 is a block system diagram of a Cv measurement testing device

11



G Space N Nitrogen gas source B Pressure reducing
valve C Filter D Flow neter E Manoneter F Valve to
be tested Pi Primary side pressure 1 Body 2 Metal

di aphragm 3 Press adaptor (SUS630) 4 Bonnet 5 Screw
part 6 Spring 7 D aphragm presser (polyimde) 12 8
Stem 8a Brimportion 9 Actuator 9a Supporting
cylinder part 9b Screw 9¢c Piston 10 Fluid inlet 11

Fl ui | et Val ve chanber
usec! \lf\lllltﬂ tﬁg tpresen]f?fnventlon.

Figure 9 is the illustration of the results tabulated in Table 2.
Figure 10 is a cross sectional schematic diagram of a conventional

direct touch type metal diaphragm valve.

List of Numerals and Characters

[0027] A Driving fluid (air)
Ah  Maximum Bulge height of a bulging part
AS Valve stroke (valve lift)
G Space

N Nitrogen gas source

09)

Pressure reducing valve

Filter

o o

Flow meter

m

Manometer

F Valve to be tested

P1  Primary side pressure

1 Body

2 Metal diaphragm

3 Press adaptor (SUS630)
4 Bonnet

5 Screw part

6 Spring

7 Diaphragm presser (polyimide)

12



13 Val ve seat 14 Driving shaft 15 Stroke adjustnent
mechani sm 15a Lock nut 16 El ectro-magnetic valve 17
Proxi mty sensor Best Mbde to Carry Qut the Invention
[0028] The enbodi ment in accordance with the present
invention is described as follows with reference to
the drawings. Figure 1 is a cross sectional schematic
view of a direct touch type netal diaphragm valve

(her e%n%t er called a "netal diaphragm valve")

accordi M®To the present invention in the case wherein
the netal_ di aphragm valve is nade to be an NC

(nor 8 | PrENBSEN t ype valve. Figure 2 and Figure 3
are enlarged views to show deforned forns when the

met al 9 di tagm shown in Figure 1 is closed and opened
with a valve stroke A° 13 S = 1.5 mm Furthernore,

Fi gur®a 4 SupgoRirgucdindeaparten!| ar ged vi ews show ng
deformed forms when the netal di aphragm shown in

Fi gur@ 1 9gewl 0sed and opened with a val ve stroke AS
= 0.7 mm [0029] As shown with Figure 1, 1 designates
a body, piglgsi gnates a netal diaphragm 3 designates
a press adaptor, 4 designates a bonnet, 5 designates a
screw](parFquidqnlg{ssi ghates a spring, 7 designates a

di aphragm presser, 8 designates a stem 9 designates
an acL aggri olﬂ Pesi gnates a fluid inlet, 11

desi ghat S84 PG 4 out 1 et, 12 designates a val ve
chanber, desi gnates a valve seat, 14 designates a
dri viﬁ% %’é’i‘fﬁ?hi’%B@ési gnates a stroke adjust ment

mechani sm 16 designates an el ectro-nmagnetic
Valve seat

14  Driving shaft

15 Stroke adjustment mechanism
15a Lock nut

16 Electro-magnetic valve

17 Proximity sensor

Best Mode to Carry Out the Invention

[0028]

as follows with reference to the drawings.

schematic view of a direct touch type metal diaphragm valve (hereinafter called a
“metal diaphragm valve”) according to the present invention in the case wherein
the metal diaphragm valve is made to be an NC (normally closed) type valve.
Figure 2 and Figure 3 are enlarged views to show deformed forms when the

metal diaphragm shown in Figure 1 is closed and opened with a valve stroke A

13

The embodiment in accordance with the present invention is described

Figure 1 is a cross sectional



val ve, and 17 designates a proximty sensor. [0030]
The afore-nentioned body 1 is made out of stainless
steel in a near-cross shape and is provided with a
concave val ve chanber 12 with an open top for
conmuni cation to a fluid inlet 10 and a fluid outl et
11 on both sides of the chanber, wherein the fluid
inlet 10 and the fluid outlet 11 open on an upper

d h i PFA,
s Raafth, | BERENored r il b RiStels arq Sryaroedficus shwing
def&e@sﬂdgﬁr@%h@w%t SoneRE CishhradtL ahauRngEGUR® 118 closed and

invention, the valve seat 13 is fixed to a valve

opened with agyawe strale d&ns Oof MyB- cal | ed cranp processi ng.
[ 0031] The afore-nentioned netal diaphragm?2 is

[002a%t &isl slowibovith tigureal vé desgnatés,a bodypRndesignates a metal
hermeticity of the valve chanber 12, and noves to and

diapheggrhy ddesigaate a/ﬁr%aédaﬂot\/\mdbslgr%t@@mbi’fnn@@fﬂ deSlgnates a
nmovi ng upward and downward. | n accordance with the

screhe gt &niednmet, at Bﬁruﬂ@t al d@b@ﬁafe%g@ %lé;)%rfagﬁf’gﬁeéébr 8

a round, reverse-di sh shape by bulging a cente

de§]§;n§‘tetshé 1%t & dﬁg@hgtés aﬁ %8ua&]f} %gpé‘g?%ﬁzﬂégg% ff]?dj?nlet, 1

speci al stainl'eSs steel (such tra
. I p and a th| F7;{}_6%kel
de%@ﬁ%@? tlugyd'ugll f@%snéﬂ% Oak ﬁal c?wl l?%h fqyat%ilalvalve
a |eces of the re e-shaped thin specia
Se% g‘ﬂ 8"%@3& orixing shafty lvz‘?eeg%S'a'FatsSN@cv@éno keppglustment
alloy plate into intimte contact, the netal
meghapiBrh i designates maceleetrermagnstise- di sh shape. The
metal di aphragm 2, which has a peripheral part that
valve, anditédesignates aproxiohdy seasor.of an i nner peri pheral
face of the valve chanber 12, is thrust onto the

[008K} r ulel efodemeintibhed badly 11 i$ hmadghothef neidimésOstedl in a
a stainless steel nade press adaptor 3 by neans of

nedrigroboWtapensh®@fis progasetwith tthabnésvd vﬁleét&%msépmhﬁnth an
val ve chanber 12 and is screwed into a screw part

opé tddor ReMMdnichiios tah iRM et 118 aABuid outiet 11 on both sides
of the chamber, wherein the fluid inlet 10 and the fluid outlet 11 open on an upper
part of the body. A synthetic resin (PFA, PA, PI, PCTFE, and the like) made
valve seat 13 is fitted and fixed to the bottom face of the valve chamber 12. In
accordance with the present embodiment of the invention, the valve seat 13 is
fixed to a valve fitting groove by means of so-called cramp processing.

[0031] The afore-mentioned metal diaphragm 2 is installed above the valve
seat 13, to maintain hermeticity of the valve chamber 12, and moves to and
away from the valve seat 13 with its center part moving upward and downward.

In accordance with the present embodiment, the metal diaphragm 2 is formed in

a round, reverse-dish shape by bulging a center part of a thin metal piate (0.1 to
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di aphragm 2 to be held and fi xed hernetically. The
Ni ckel Cobalt alloy filmis placed on the
gas-contacting side of the netal di phragm [0032] More
specifically, the nmetal diaphragm?2 is formed to have
an outer dianmeter of 26 nm a curvature of the bul ged
part of 60 M in the case wherein the valve is used
for a valve with an inner dianeter of a fI uid passage
E 4. The maxi mum bul ge hei g of the
0. 2afT15Pé e gt (Peg Y Sé%miesm%ee' Suphgmd.e Damascpyeaonel,
Iater) is 1.2 mm As exanples of a netal diaphragm 2
Speed). pipitaerive cend EHBINEDKeSt Cobelt Ao piateaiOht 4eyh mm thick)
an outer diameter of 20 mm and a curvature of 62.6 mm
upward.a Bwllareingting ampic¢caseof theanetarse-shaped |thindspecishginless
of 6.35 mm 4), and anot her netal diaphragmw th an
steelpkite dindEpiyceadf d Nickel aTsbat sivywvsibty Mte@intirate dBhtact, the
for a small sized valve with an inner dianeter of a

meftélldlﬁ*pmgﬁﬁg% @rnfedh ﬁ%@érse% EH@ .1 Kghe [rfé@&%]naﬂﬁ‘r%gm 2,

af ore- nent i oned bonnet is forned |n a cylindrical

whﬁ:lﬂaﬂgs ?%fri%hegélsﬁé# Gfﬁlat' ﬂ;t 1438 Hﬁ‘ Ot?{lﬂ?é%f' Eé?t & an Jinner

t he i xed t t he SI body

pe@%%}‘éﬁ*%e‘%aa%ﬁehm%gﬁgrr%“‘fqa' “tﬁvu%*e%rit Jhe et 93&%@ of the
bof e RBHIR b REIABRPT entioBrt® S1°9 HBadpgHRst aapiar 3 by
free descendi ng and ascendi ng. A synthetic resin nmade

megna st tag iavereeepf 2,banmet A thahisdpserted irto the valygeshamber 12

face of the center part of a netal diaphragm?2, is
angrip\gatedednintche lsowgy pamd 5f at ¢heofbadye1 s them &JIoWO@Bﬂ}e metal
More specifically, stem8 is installed in the bonnet 4
diabbradm eetodes belidamg fixad headetculiyng Toe Nibkél t @ebalt alloy film is
pol yi m de made di aphragm presser 7 fixed on the |ower

plagsad onaee @hsting Sidetdiehdmiahl dlpaRignagm 2, and is
pressed down with the elastic force of spring 6

[0032] OWidtet S8 REHIP! 1D ntal dHpRPRGARIMiOTEFRES t4 1$Re an outer
diameter of 26 mm, a curvature of the bulged part of 60 mm in the case wherein
the valve is used for a valve with an inner diameter of a fluid passage of 9.52 mm
¢. The maximum bulge height Ah of the afore-mentioned bulged part (Ah in
Figure 3 described later) is 1.2 mm. As examples of a metal diaphragm 2 as
implemented, there exist one metal diaphragm with an outer diameter of 20 mm
and a curvature of 62.6 mm for a valve with an inner diameter of a fluid passage
of 6.35 mm ¢, and another metal diaphragm with an outer diameter of 15 mm
and a curvature of 62.6 mm for a small sized valve with an inner diameter of a
fluid passage of 6.35 mm ¢, and the like.

[0033] The afore-mentioned bonnet 4 is formed in a cylindrical shape and is

inserted into the valve chamber 12 of the body 1, and is fixed to the side of the
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that the center part of the netal diaphragm 2 can rest
on the valve seat 13. A driving shaft 14 for an
actuator 9, which operates the stem is fixed on the
upper end part of the stem 8 [0036] There is provided
a brimpart 8a on the |lower part of the

af ore-nenti oned stem 8. Wien the valve is fully cl osed
(or the center part of a netal diaphragm?2 rests on

bo@%%ﬁﬁoaq%e@%aatz%tsg?%vﬁé SresErad e e e

er f af o menti oned press adaptor.
pe 'B'@%?T Vﬁeﬂlqrﬂtﬂ {gt roke adj ustment mechani sm
conpri ses a | ock nut 15a screwed to a supporting
[OQ%AL nder afpaetmentiosred: sfemu8tigdnserted dxa thedewer pd part of the
screwing to the upper face of a bonnet 4. A screw 9b
bofinet thdor oftke ndesasaling amd casabadiren t e yutleetic resin made
peri pheral face of the supporting cylinder part 9a,

disdagrneprebsdee?, whieh ingdits potsi theanppir fabe of tixpeehted @art of a
cylinder part 9a screwing into the bonnet 4 can be

mead] dlébl@t%gﬁ@ﬂﬁ robuﬁ@d%rﬂ‘ﬁe%wbh@nMﬁ‘éé’@oﬁﬂfeoé‘fSnf@ i's

adj usted.” 16 [0038] The afore- msntl oned

[0635§C N oA taﬁ V§E¥1e8 ?sBm%%II A &hé Yoh éte@llflérof][(%é@es?endmg

upper act uat or contr O

' | upplied into the act tor
a“%agsrreé”%n% A8 2 bw 3 REok 3aPﬁreaam PrefSarer igedon the
the 0- netic valve 1 to raise res onS| V|t
‘?ﬂfL%  CBBRaHbT RS eer ChBragih 7o 209 ImRERTZI g with
space of the driving fluid passage as descrlbed
thq akaéF'C fererafisaringP 8iroupline Insrdiatipn phei Gapliage) presser 7 so
[0039] The afore-nentioned proximty sensor 17, which
thatdhe eentistpeat Ohifie wktal giaprogrh2 caal rest en th&eah® seat 13. A
the valve stroke ASitself at the tinme when the valve
drivisgshaftat4efbr faor acipator 99 which opesitegthe stefmrigridedontthe upper
upper face side of the actuator 9. The
endfpafeoftBaistenesd stroke AS is detected by neasuring the

[0036] There is provided a brim part 8a on the lower part of the
afore-mentioned stem 8. When the valve is fully closed (or the center part of a
metal diaphragm 2 rests on the valve seat 13), excessive descent of the stem 8
is controlled due to the brim part 8a, which touches the upper face of the
afore-mentioned press adaptor.

[0037] The afore-mentioned stroke adjustment mechanism 15 comprises a
lock nut 15a screwed to a supporting cylinder part 9a of the actuator 9 and fixed
by screwing to the upper face of a bonnet 4. A screw 9b for the lock nut 15a is
provided on the outer peripheral face of the supporting cylinder part 9a, and the
like. The height position of the supporting cylinder part 9a screwing into the

bonnet 4 can be adjusted so that the size of the valve stroke AS is adjusted.
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space AGwith a piston 9c. [0040] Next, the operating
procedure of a netal diaphragm valve, in accordance
with the present invention, is explained. A valve, as
shown in Figure 1 is constituted as a so-called NC
(normal ly closed) type, thrusts the netal diaphragm?2
downward t hrough the nediation of stem8 with elastic
force of the spring 6 at all tines, and the thin

A R S AT A o o

ed o ve sea 3., Thr yst of t t.em
PR} (&% &1 St REUGS SEl caRUORHe BeWceha: AG 08I (Ml (ai) A
of stem8 is regul ated by the press adaptor 3. [004 ]{
suppliad e @h%gcwagowu sTRepeRsBHWhY thaackiaternd ds dgectly fixed to
driving shaft 14 is raised upward by a val ve stroke
thenglectipongnetstivalve db isto rdise pespromsivity of opes/clegd opgnagons of
the center part of the nmetal diaphragm?2 to be
the eslve bydninimiziney tHeageadehatt theidsiving feid passage asydeascsbed later
el astic force so that the valve is opened. The

(strrendBNbpeneRsEalperatid Bie)AS is adjusted to a
prescri bed val ue by nmeans of 17 the |ock nut 15a of

[Odfﬁ)g ﬁﬂ@gﬁr@%&ﬁwﬁ%@tpr%&g%e}@oﬁ7 wWRRH |fs'f8|aéiét§cté|?t o

cribed later, the v stroke ASls set

chindef Bl ﬁ’%ﬁ@%ﬁ@%égg aiSheaP Srafe 7 B1SE i e when

SR R S
stainless steel plate and 1 pi ece of

0.15
thqxﬁ@h@@ﬁor&baﬂae amrsgmsnfa@r@q ahplan 48 'ﬁéleé?@fﬁfjtté’r m@arsu@ag the

"a nmetal diaphragmin the inplenentation exanple 1 ")

spagre N Chwithe pibtadi @phragm i s used for a valve for a

di aneter of 9.52 mm . [0042] Next, it is described
[0C40) t INextalthe speckmgAProtedure nsétal ndtalp ldiagmagm vabve, in

accordance with the present invention, is decided.
accordance with the present invention, is explained. A valve, as shown in
Figure 1 is constituted as a so-called NC (normally closed) type, thrusts the
metal diaphragm 2 downward through the mediation of stem 8 with elastic force
of the spring 6 at all times, and the thin Nickel Cobalt alloy plate of the down
side face (a gas contacting face) of the metal diaphragm remains rested on the
valve seat 3. Thrust of the stem 8 is adjusted by the spring 6, and the
descending volume of stem 8 is regulated by the press adaptor 3.
[0041] When driving air A is supplied to the actuator 9, a driving shaft 14 is
raised upward by a valve stroke AS through mediation of the piston 9c, thus
allowing the center part of the metal diaphragm 2 to be restored to the shape that

is bulged upward by its elastic force so that the valve is opened. The

afore-mentioned valve stroke AS is adjusted to a prescribed value by means of
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[ Enbodi nent 1] Referring to Figure 2, Figure 2 is a
partially enlarged view to show the cl osed state of
the valve for which the netal diaphragm?2 in the
afore-nentioned inplenentation exanple 1 is used.
Figure 3 is a partially enlarged viewto show the
open state of the valve for which the netal diaphragm
2 in the afore-nentioned inplenentation exanple 1 is

used. | caordance with Fiqure, 2 and.Figyre t he
tn 3k, bl e BARC Sttt e GisEt e i S ipeiciticaly, as
di aph m?2 is conpletely restored to its original
de§¢f§fﬁ‘éf %ﬁ%ﬂ e tMalve gkpke héts {shaet P\ ta PSkemadpreferably 0.7
| arger than the nmaxi num height Ah = 1.2 nmof a bul ged
mrphintthgicaspavhesels thei mptal dipahragncdhas ap evterdliameterx)f 26 mm
Figure 4 and Figure 5 are partly enlarged views to
¢ showvatweaséd sinattbe (Faxgmuen Akighaoétrenbulped pattateh = 1.2 mm,
(Figure 5) when the valve stroke AS is made to be 0.7

3 pieeedof acsomaatisiek \wpkbial beiiMaky etsel Ptei ahd-i Pisse & 011% mm
whi ch the diaphragm 2 in the 18 inplenentation

thikKRIBREE t4 ' ’ s . :
"retal ngEﬁF;‘&W?"’ﬁtgggﬁﬂmg T ght %@Qﬁéeéf”g'rdnggﬁ%@{ fibBfiragm in

théoﬁm%n{eggt%rne aqﬂglggetely back to its original state,

as shown 1 n Figure 3, even when the valve is cl osed.
» cifically, .when the val ve stroke AS i.s de e
)35 Rl AR MaRo LR A Br bVl 3 S Eifiralghod Fme.

ones ,small: hence, djstortion stress applied to the

oy o Qitepragssrbed Yalyepiroks A Sl the mefgldipphragm 2.
. Now, when conparing a valve stroke AS=1.5mmwith a
in gegordarse wkb thagresentinvention. s decdetice is seen in the

shape of a netal diaphragm 2 as stated before, but it

i s | ganbedimdmdt!]not nuch difference is seen in the

space G between a valve seat 3 and the inner surface
Retdrringrtetiguds apRiqagen2is a partially enlarged view to show the closed
state of the valve for which the metal diaphragm 2 in the afore-mentioned
implementation example 1 is used. Figure 3 is a partially enlarged view to show
the open state of the valve for which the metal diaphragm 2 in the
afore-mentioned implementation example 1 is used. In accordance with Figure
2 and Figure 3, the valve stroke AS is chosen to be 1.5 mm. The metal
diaphragm 2 is completely restored to its original shape due to the fact that the
valve stroke AS is larger than the maximum height Ah = 1.2 mm of a bulged
part of the metal diaphragm 2.
[0043] [Embodiment 2]
Figure 4 and Figure 5 are partly enlarged views to show a closed state (Figure 4)

and an open state (Figure 5) when the valve stroke AS is made to be 0.7 mm in

accordance with the valve shown in Figure 1, in which the diaphragm 2 in the
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[ 0045] [ Enbodinent 3] Figure 6 and Figure 7 show the
results of a Cv val ue obtained by the afore-nenti oned
equation (2) after the flow rate was nmeasured by using
the afore-nmentioned Cv val ue neasurenent test device,
shown in Figure 8, on the netal diaphragmshown in
Figure 1 wherein the netal diaphragm?2 in the

af ore-nmentioned i npl enentation exanple 1 is used.

imp;ll_gﬁﬁle‘?\té]tioinse%prﬁ E%Ir {n &?rgﬁ{?%gsi n: Qagrtab}gﬁpe[ozdégyvl%ﬂgégd a n‘ljhéw metal

val ue correéspo

. cpnduct.ed under .conditions of . operating ajr pressuyre
diag RIS 2 oo ng, sl fi delaBiadovitebHieeing Tettore commfeoly back
seat of 0.128 mm (t{he hei ght after baking at 80C). 19
to tyrigingiTelste as jshown infjigwieow. Rye8 Whefi the ©elveaisuglosed.
0. 000 0. 0 0.000 0. 102 0. 4 0.003 0. 203 15.9 0.
Spadgfically, wheo tha valve stzgse /S isto@dédo e 9nal tdefolnati@bvolume
59. 0 0. 482 0. 593 65.0 0. 531 0. 700 74.0 0. 604
of the Mol d@phragmel BecOme8IMalll he@cd, diskBtior stre89 appli€d to the

0. 645 1. 106 80.0 0. 653 1. 202 80.0 0. 653
metal diaphragm 2 becomes relatively small.
[0044] Now, when comparing a valve stroke AS=1.5mm with a valve stroke
AS=0.7mm, much difference is seen in the shape of a metal diaphragm 2 as
stated before, but it is learned that not much difference is seen in the space G
between a valve seat 3 and the inner surface of a metal diaphragm 2.
[0045] [Embodiment 3]

Figure 6 and Figure 7 show the results of a Cv value obtained by

the afore-mentioned equation (2) after the flow rate was measured by using the
afore-mentioned Cv value measurement test device, shown in Figure 8, on the
metal diaphragm shown in Figure 1 wherein the metal diaphragm 2 in the
afore-mentioned implementation example 1 is used. Table 1 is a chart to show
the lift, flow rate and Cv value corresponding to this test. The test was

conducted under conditions of operating air pressure of 0.55 Mpa, and the

projected height of the valve seat of 0.128 mm (the height after baking at 80°C).
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1. 316 80.0 0. 653 [0047] As apparent fromFigure 6
and Figure 7, it is learned that a Cv value of 0.55 to
0.6 required for the valve can be achieved with a

val ve stroke OS of approximately 0.65 to 0.8. In
particul ar, by making the valve stroke ASto be 0.7
mm a Cv value of 0.6 can be achieved. It is |earned
that there is no need for the nmetal diaphragm22 to be

t he nmaxi mum extent possible by making the
[003 I H%’?‘?gﬁe to be 1.3 nm (the maximum val ue). [0048]

QoD

< O

4. A'I

D

-t

r— T W+ =

S et O O i P20 {7 A S Pl

U CTOl LI (@} VO Tavi IIU CITrce SAUITC (&9 T T LILJ
SpeCIflcatIO“gaQ‘x: t!nnce | al Tah|a01b Il:r fﬁ et al 0. 000
diaphragm?2 Q'AOZA'JP Lnpl enent at i rpn4 exanple 1 nenti O
) g &)

Ln paragr aph?-[26ba1] onl y_except 1% Aat the di amet 8r138f
t he pi pe Das%édl% connected to th& lluid inlet 10 Ps284
6.35 mMmm 'k .0BB%| this test, 3 vé#lVes were 0.375
manuf act uredo.f50% |t esting, No.1 vadve with the 0.482

projected heisght of the valve seab |3 of 0.174 mmp 531
No. 2 valve of 706 [76 mm and No. 3 yabve of 0.068 nmygigohl

particurar, gigh The No. 3 valve, 7 §§ valve's — 4y
operns/ Cl OSE atTons were cond U oOveET 1UUUOU rdfgs
|ﬁ advance ug/)%gé king—the—face %,2 20—val-ve se%’t645
for—braktng gLne vakve—and—the Cyf:rati Ag—ai+ ‘
pressur-e—was—fmdeto—-be—0-55 V@Q\O' tpper—mt valuy.
QT Lift Test Val vePNBlI Test val ve IQthg

Test _valve No3% | (mm) Flow rate ®%Value Flow rat 8 @9

Val ue Flow rate Cvvalue 0.000 0.0 0.000 0.0 0.000 0.0

[084 tlooAs @ppagantdrong Figuredband Figuse 70@as teagned tiowia Co value of
200 10. 7 0.087 13. 1 0. 107 12.0 0.098

0.55 to 0.6 required for the valve can be achieved with a valve stroke AS of

approximately 0.65 to 0.8. In particular, by making the valve stroke AS to be
0.7 mm, a Cv value of 0.6 can be achieved. It is learned that there is no need
for the metal diaphragm 2 to be deformed to the maximum extent possible by
making the valve stroke to be 1.3 mm (the maximum value).

[0048] [Embodiment 4]

Table 2 shows the results of the same test on a valve having the same
diaphragm specifications as those in Table 1 for the metal diaphragm 2 in the
implementation example 1 mentioned in paragraph [0041], only except that the
diameter of the pipe passage connected to the fluid inlet 10 is 6.35 mm ¢ . For
this test, 3 valves were manufactured for testing, No.1 valve with the projected
height of the valve seat 3 of 0.174 mm, No.2 valve of 0.176 mm and No.3 valve
of 0.068 mm. In particular, with the No.3 valve, the valve's open/close

operations were conducted over 10000 times in advance by striking the face of a
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0. 300 30.0 0. 245 30.5 0. 249 28. 3 0. 231 0.400
43.9 0.358 43.7 0.357 46.7 0.381 0.500 51.0 0.416
50.0 0.408 56.0 0.457 0.600 58.0 0.473 61.0 0.498
64.0 0.522 0.700 65.0 0.531 65.0 0.531 66.0 0.539
0.800 68.0 0 555 67.0 0. 547 69.0 0.563 0.900 70.0
0.571 71.0 0.579 70.0 0.571 1.000 71.0 0 579 71.0
0.579 72.0 0.588 1. 100 72.0 0.588 71.0 0.579 74.0

vaf 3hchig it
hs the result of Table 2.
P4HPPY Ak valiede of the net al
| enent ati on exanple 1,

calathe 2bbt ai ned wit h

o R

0%

96

v

approximately 0.65-0.7.
and Tabl e 4 show changes

79873,

7

It

0.579 73.0 0.
t 9896563'6‘9[%68@]5

is | earned that,

a required Cv

596 1.
SHYYRe

di aphragmin the

a val ue stroke OS of
[ 0051] [ Enbodi nent 5] Table 3
of the Cv value due to

value 0.5 to

ngaocpe to be

deterjoration of the shape of the valve seat over
time, |addst ke velatva 'showny_hefsetival sk At e tlpe Test valve No 3
riebat i breghiape bet ieeal e hel ranbere of opénluel gsiEow rate Cv value
opawati ons and |Cv vabue when tohe|val ve seat was o.0 0.000 :
skhriy¢ek by COR@UCTT NGy @RAN/ I 0S&d, pper atj §py of theo [ o 000
R IRV Ml K NI 4 MR A A0S AT
(;d[ 3‘2;1 ue \Aaé&ég 43 hi gkﬁof §=Tppr at®ut®d4 of 243 0.231
260€0 | and TAbPe 4 shbwe® ft he me8slrementd ¥égul t wHé 0.381 |
t RebOfrpasur efeAt] of QU 4ibval ue wWadsO conducdt €#d Jat norsael 0.457
t ergoer at ur ess o 0 473 61.0 0.498 64.0 0.522
0.700 65.0 0.531 65.0 0.531 66.0 0.539
0. 800 68.0 0 555 67.0 0.547 69.0 0.563
0. 900 70.0 0.571 71.0 0.579 70.0 0.571
1.000 1.0 0 578 71.0 0.579 12.0 0.588
1. 100 72.0 0.588 71.0 0.579 74.0 0.604
1.200 73.0 0.596 71.0 0.579 73.0 0. 596
1.300 73.0 0.596 71.0 0.579 73.0 0.596
[0050] Figure 9 graphs the result of Table 2. It is learned that, similar to the

case of the metal diaphragm in the implementation example 1, a required Cv
value 0.5 to 0.6 can be obtained with a value stroke AS of approximately
0.65~0.7.

[0051] [Embodiment 5]

Table 3 and Table 4 show changes of the Cv value due to deterioration of
the shape of the valve seat over time, and the data shown here illustrate the
relationship between the number of open/close operations and Cv value when
the valve seat was struck by conducting open/closed operations of the valve at
Table 3 shows the measurement result

high temperature of 200°C in advance.

when the measurement of Cv value was conducted at high temperatures of
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[0052] [Table 3] No. of Open;'C 1 ose Operations
(tinmes) No.] No. 2 No. 3 0 0.304 0. 326 0. 316 1000
0.502 0.489 0.476 3000 0.520 0.507 0.491 5000 0.519
0.512 0.506 10000 0. 529 0. 529 0.511 20000 0. 529
(74:31JP) 0. 529 (62. 2%JP) 0. 512 (629(.UP) [0053]
[Table 4] L (times) No. 1 No. 2 No. 3 0 0. 498 0. 506
0. 498 20000 O. 579 (1 6%JP) O 571 (12. BUN 0. 555 0

P 0054 mthe resul ip the above
2045 A‘“%{H% Hiprs B8 s urERin Fest W iem he mgaga@raent of cv
t he shape he val ve seat 13 cease after conti nuous
valys gL s %‘i?%\f‘?@ﬂ%‘ lsMReRdiWRS-ve over approxi mately

10000 tinmes in advance, wherein the Cv val ue goes up

and becones nearly saturated. [0055] [Enbodi mnent 6]

Table 5 shows the rel ationship between the stroke CS
[OOm2¢n [taine iBhuous open/ cl ose operations using a valve

:nr \Ahl r~h fhe ] ation
0 en ;
oned i 0041] ils used, d the nunber
‘g(naﬁ?t”’”s'(t'"‘es LA ]': the Noia eR—a et o

~ Py Nt
OpPTllr CTrouost UpCI atd S ulrt
~I| aphragmis rupture ‘?J he endurabl e ‘etfoer of 0.316

Jpen/ 1988 e oper at i ond) 502wher e vel ocCi t 0. 849 open/ cl ose 0.476

P2 opeyoasi ons pf a valym 1s 3 tinmes persgecond to 4 0 491
HTTES f3g) SECOMU. 0.519 0.512 0.506
10000 0.529 0.529 0.511
20000 0.529 (74%UP) 0.529(62. 2%UP) 0.512(62%UP)
[0053] [Table 4]
(times) No. 1 No. 2 No. 3
0 0.498 0.506 0.498
20000 0. 579 (16%UP) 0.571(12.8%UP) 0.555(11. 4%UP)

[0054] From the results shown in the above Table 3 and Table 4, it is apparent
that changes of the shape of the valve seat 13 cease after continuous
open/close operations of the valve over approximately 10000 times in advance,
wherein the Cv value goes up and becomes nearly saturated.

[0055] [Embodiment 6]

Table 5 shows the relationship between the stroke AS when continuous
open/close operations, using a valve for which the metal diaphragm 2 in the
implementation example 1 mentioned in [0041] is used, and the number of
open/close operations until the time when a metal diaphragm is ruptured (the

endurable number of open/close operations), where velocity of open/close
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[0056] [Table 5] Stroke AS mm Nunber of endurable
open/cl ose operations 1.2 mmor nore Approx. 1.5
million times 1 mm Approx. 2.5 mllion times 0.7 mm
Approx. 50 mllion tinmes [0057] As apparent fromthe
above Table 5, with a direct touch type netal

di aphragm val ve for which a netal diaphragm having the
maxi mum bul ge height GCh of approxinmately 1.2 nm and

rnal  di r. of 2 2 4 s used,. it is

oneralofE b pNav e Tk ateond if SIS b $REMea. " anc

at the sane tine the nunber of endurabl e open/close

operations can be trenendously increased by neans

t hat the valve stroke OS is made to be the value of 55
[0006] 70Babde Sl he naxi mum bul ge hei ght Ah. Feasibility of

I ndustrial Use [0058] The present invention can be

applied not only to sem conductor rmanufacturing

factti+t+es—but—also—to—chemrcat—goods—and
phar maSeokecah S mAdust ri es asvuwekt of @8ddr a8l epIcREE SEIrftBns
Hadustry, and-the like 23 Scopeof Claim Wt is

b iest hére [ 1] A direct tougthdiyper BRhRondiARSr agm
val ve characterized by that.qveqrh a dilrec:)gt touch type

| di aphragm val ve made up, of - i pped W th
12??513(3' ve seat on the bottom ?‘fg)erogffgq%'gﬁgmgﬁlal ve

chanber for communication to a fluid iplet and a
Q-?@?'B outlet, a netal di aphr ARG H@EO%BH\?@ a val ve

Seat, to hold hermeticity of a valve chanber,

directly contacted with a valve seat by neans of its

center part noving upward and downward, and a stem
[00p¥bviAdedpparent from the above Table 5, with a direct touch type metal

diaphragm valve for which a metal diaphragm having the maximum bulge height
Ah of approximately 1.2 mm and the external diameter of 20 to 26mm ¢ is used,
it is learned that the required Cv value is maintained, and at the same time the
number of endurable open/close operations can be tremendously increased by
means that the valve stroke AS is made to be the value of 55 to 70% of the

maximum bulge height Ah.

Feasibility of Industrial Use
[0058] The present invention can be applied not only to semiconductor
manufacturing facilities but also to chemical goods and pharmaceutical

industries as well as foods processing industry, and the like.
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above the netal diaphragmfor free descent/ascent

which allows the center part of the netal diaphragm

to descend, an actuator which allows the stemto

descend or ascend, and a press adaptor provided above

the outer peripheral part to hold the netal diaphragm

hernetically between the press adaptor and the bottom

face of a val ve chanber and to control the descent of

the stemat the tine e%?bh rTpelng fully closed,

t he above- nenti oned ne diraphragm made up of a

| am ated baody conpr|5|ng a plural nunber of thin
Wr@?éﬁ ﬂ?@% §teel plate and thin N ckel Cobalt all oy

teis faornmed in the shape of a round, reverse-d

[1]\/ﬁ‘tdr‘1reicf douchiwre pagtal ﬁlﬁ@yagubwah@ Cla@f@ctemazeésbvdm@t "ith 2

di stance of the nmaxi mum bul ge hei ght Ah of the above
direft foHeh dvperemelal dianhhagmnyalve regdée atreaf Bobedy ehuipped with a

maxi mum val ve stroke AS of a valve. [2] A direct touch
valvy peatien #he boHpinrfagenof al cancase clahieneithmbedariconimunication to

wherein a Cv value of a valve at the tinme of the

a florixinfetandad fleidsdutitea ﬁcﬁethl_sdiﬁﬁﬁl%gfnﬁ) pbsvidéd abole 8. vdlvd séat, to
direct touch type netal diaphragmvalve as clained in

hol@I ﬁér%éhc‘it? & 8iyBide chahfscs! GIF@CfT)EtC%htéEt@(PMIﬁ’g@ {/§IV€B§@at by

be that a bulge curvature is smm 24 wit

megH%ed'f |fi‘.' %ﬁ%ﬁr ?tfml)%['ﬂg UB\?laﬁtg %g &&W@L}H aHd386 eﬁ?’gmvnded

h an outer = di ane mm db

abGlf ¥ et f’iﬁrﬁl&gav}@ewﬁg@ﬁ%@égéﬁﬁh'gﬁ-aisw%aﬁqcenter part
val ve a rredln aiml, wherein a
of H?ea;m?tégrﬂ'@ REHL 10 FROCRCy GihAORHPR ANEN b%@gw%'a% stem to

out of 3 pieces of thin stainless steel plate and 1
degnieadeonnfsediich Mt Repressadaptal pPwyigecpbovartieiquer peripheral

outer dianmeter is 24-26mm (b, the maxi num bul ge hei ght
parito heldthe netahdimphraginh hermelicaiyrbetaleea tbé podss @fapter and the
bot?c;nisf-agé 2?)rfng valve chamber and to control the descent of the stem at the
time of a valve being fully closed; the above-mentioned metal diaphragm made
up of a laminated body comprising a plural number of thin stainless steel plate
and thin Nickel Cobalt alloy plate is formed in the shape of a round, reverse-dish
with its center part bulged upward, and the 55~70% distance of the maximum
bulge height Ah of the above mentioned metal diaphragm is regulated to be the
maximum valve stroke AS of a valve.
[2] Adirect touch type metal diaphragm valve as claimed in Claim 1, wherein a
Cv value of a valve at the time of the maximum valve stroke AS is made to be
0.55~0.8.

[3] Adirect touch type metal diaphragm valve as claimed in Claim 1 or Claim 2,

wherein a metal diaphragm is made to be that a bulge curvature is 66~65mm

24



[5] A direct touch type netal diaphragmvalve as
claimed in daiml to Qaim4, wherein a valve seat
is mde with PFA, a stemis provided with a valve
stroke adjustnment nechani smso that a val ve stroke AS
is adjusted and fixed to a prescribed set val ue by
usi ng the afore-nentioned val ve stroke adj ust nent
mechani sm after conti nuous open/cl ose operations of a

witHaéJnvgut%F 8ia?ﬁét1:a?roﬁgmn? e,ra 8’&88 ctu?'va]lgroeo% éérgafrhmzv%ith an outer
diameter of 18~20mm ¢, or a bulge curvature is 59~61mm with an outer
diameter of 24~26mm ¢ .

[4] Adirect touch type metal diaphragm valve as claimed in Claim 1, wherein a
metal diaphragm is made to be a round laminated body made out of 3 pieces of
thin stainless steel plate and 1 piece of thin Nickel Cobalt alloy plate, and its
outer diameter is 24~26mm ¢, the maximum bulge height Ah is 1.2~1.3mm
and the maximum valve stroke AS is 0.65~0.8mm.

[5] Adirect touch type metal diaphragm valve as claimed in Claim 1 to Claim 4,
wherein a valve seat is made with PFA, a stem is provided with a valve stroke
adjustment mechanism so that a valve stroke AS is adjusted and fixed to a
prescribed set value by using the afore-mentioned valve stroke adjustment
mechanism after continuous open/close operations of a valve are performed

over 3000 to 10000 times.
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