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 facilities. The
present invention also relates to a direct touch type
net al di aphragm val ve with high durability which makes
it possible that the ngPESIFICATIENtI ti ons of the
open/ cl ose operation of the valve is considerably

i ncreased, andplrBatTdued e Mkiad DigphrabayWalve
characteristics is reduced by neans of stably

mai ntaining a flow rate coefficient of the valve.
Background of the Invention [0002] A direct touch type

' val ve (hereinafter called a "netal

%E%’Sﬁ@é?‘rﬁ%ﬁ&?) is generally structured as shown in

' e.10. It is. not onl excellent .in r A
(a8 cphe rrmssRCIVEY R PRTD afiod Byel o tngsel diabhragm
near-particle free char actFri stics. Therefore, tr{%ﬁ . .
valyey Suhaf dgnimainlye Upad e BASSERRY S¥SIEMS, 3Ntk the like in
fields such as facilities for sem conductor
samigbaductor mpnufasturing facilifinsds Thepregentinvagtion glsg relates to a
products manufacturing, and the like. [0003 ) _
dicantriduoky type Fingtal ediaphragin vabiegwithebigh derapility avhich makes it
designates a netal diaphragm 23 designates a stopper

PESIF8 itlsa0 thd hudsisdrasfagpetitons witied op@hiclatesopmratiers ofithe valve is
bonnet nut, 26 designates a disc, 27 designhates a

S RMERBR inBfeasea! and 3haehieonaiondfFlowtchacteristics is reduced

designatés a handl e, 30, 31 designate a fluid inlet
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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 étopper 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.



A fluid passage is closed by neans of a netal

di aphragm 22 that is pressed from above to a valve

seat 33 through the nediation of the di aphragm presser

27, while the fluid passage is opened by neans of the

di aphragm presser 27 that is pulled upward to restore

the nmetal diaphragm?22 to its original reverse-dish

shape. A detailed descriptionis onmtted herewith
A e passaddissciosgbby mermisadf a nhetal diamhragas2d teat is pressed from

di scl osed by others (e.g. TOKU- KAI-HElI No.5-80858, and
abblé tbi & @hivel K433 Threugh ahe-mediationast thetdiapisiagph peegser 27,

22 is normally formed with a |am nated body nade out

i i ! r 27 that is
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by nmeans of “a bul gi ng
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GRemAG: pebardscsashes sl b TiURAFFET N S3tHse, an
approxi mately 26nm 0). [0005] The afore-nenti oned
thaggﬁb seat 33 has been manufactured by formng it in

a desired shape using engineering plastics (e.g. PFA),
[0G04] fThe iafiore-mentiooech metal \diaphragmhaR disngorgraltyy formed with a

integrally forned with the val ve body 21, thus the

lamitated B6ay madd byedf Rito Bapietes loy 0c1 twpi2ngn thitl stdivless steel
hol di ng groove. [0006] Thus, it is necessarily
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\ me of the nmetal diaphragm 22)" is nade to be large
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[0005] The afore-mentioned valve seat 33 has been manufactured by forming
it in a desired shape using engineering plastics (e.9. 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



z bul ge-defornmed in the reverse-shape, is nmade | arge,
and the distance nearly equivalent to the height Oh
is made to be a full stroke AS of the valve. [0007] As
a result, the netal diaphragm 22 is defornmed, by size
close to the bulge height Ah, with thrust when the
valve is closed in the case of the NO (normally open)
type netal diaphragmso that the netal diaphragmis
buljesdeftimed inatheateverseahaps isomadetlargss and thendigtangeanearly
shaped configuration. It is also same wth the NC
equiVIETRIth Yhé herd) AhiBendtks & bélaFphstroke vAIS/ef thehalve.
netal diaphragm 22 is deformed, by size close to the
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I 'aphragm beco ar-flat shaped, and is
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making it possible that the greater flow rate of

with thesNG (neroally ejgserityrp tmeta) odigpheagrakyalxg. The metal
| arger. However, as stated above, the elastic

diaetiragme22 tndefotmoed, by sizhcloset taltheimaimugnbulge heightowxh, at all
limtation. Therefore, normally, with the netal

tirfé Witradnude dohavatnthearliapitragmdbecemes péar-4t shagd,oénd is
a val ve having an inside dianeter of 9.52 mMm O of the

reboréd tO RS Hifinal BllGedReversgldit eRape idubttolelastid farce eahd fluid
to approxinmately 172 to 1.3 nm because the larger a
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diaplraom 23 Ghis making T possibie That the Greater ow rate’of Yuids 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



3t definition of the Cv value of the afore-nentioned
valve is "a nuneric value of the flow rate expressed
in gal/mn when clean water flows while keeping the

differential pressure of the valve inlet and outlet at

1 psi." Wien the fluid is water, the Cv value is
derived from [rmt hemati cal expression 1] 0' = Cv
(p,'- p2) /IGI' Equation (1) where Q = the flow

definitiongdthenQv, vatue of thenaforementiomed yadve isCha' nursetihigalue of the
specific gravity of the fluid (when water, A'= 1)

flodn date2 expragisedt inprgas/Ain ewbén . cté@l@l\%telrnﬂmhs white keleping the
the fluid is a gas, based on the idea that is the sane

diffsrehfifl ﬁreé.sua%f ﬁ«en vhive ﬁfélfa?nd”fanﬂétoaﬁd pditi dvhen the fluid is
water, the Cv value is derived from [mathematical

(273 + t) Equation (2 4140
W"(q%fq'g%) 3)3‘1\1\5321é sedel veﬁ?fnrﬁﬁ. (st andarZJI s?at e)] ig 2he fl ow
rate pf t . stgndard state 15C, 760 mmrHg
abs)’ﬁpa‘{hgfneﬂ@%! %ép'lggg'oﬁeﬂperature, (€] i(s a specific
gravity of the gas (when air, G = 1), Pi [MPa abs]

i thevpf (g y23y/@E absolute Egesbiore @nd P2 [ MPa
abs] is the secondary side absolute pressure. [0011]
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pressure reduci ng valve, C designates a f| | t

asctbei apser whereinthe afarevmentiened fluidds wgatar dge &V value is derived

manoneter, and F
from:

[mathematical expression 2]

cV = Og |Gg(23+t) | Equation (2)
4140\ (p1—p2)p: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
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desi gnates a test specinen valve (a valve to be
tested). The secondary side of 4 s the test specinen
valve F is open to the atnosphere. A test has been
conducted wunder the conditions of a Nitrogen gas
tenperature (at roomtenperature of 20C), with the
primary side pressure = O O MPa, the secondary side
pressure = atnospheric pressure (open to the
thextgspspbeintn value Ftis@penl tughe pemosphategAdest-hasiiieeroconducted
100% (arbitrarily set). The Cv value required for the
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I'n the case of a valve having a dianeter of 9.52 nmm
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approximately 1.5 to 2 mII|on ti mes when the val ve
9.52mma of | the Cp ualvege approxismtelnd Pwheaqie mpyinyxTRitige height
8 to 10 mllion tinmes when the valve has a fluid
A has $egmetdl diaphragm2D.is Wasnmt (efullattoke dfS mep8tmm)ons
of the open/close operation exceeds the above stated

[oshZ12biithtay convEitionahavetal diapiragroealive of this égbelthetechas been
the repetitions of displacenent of the netal diaphragm
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ragmva ve nore frequently [0013] This is
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approximately 8 to 10 million times when the valve has a fluid passage of 6.35
mmé. When the number of repetitions of the open/close operation exceeds
the above stated durability number, nomally damage is caused due fo

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



i ncreased. Accordingly, various durability

difficulties are encountered in practical use of

conti nuous  open/close operations with a conventional

metal 5 C diaphragmvalve (in the case of a 9.52 MmO

nmet al di aphragm 22 having an outside dianmeter of 26

mm 0, approximately 1.5 mllion tines with a full

stroke AS = 1.2 mm and approximately 2.5 mllion
digphnegmwalve éinfthel caserafke AB2Zmme@ mefpl djapdragm@2 having an

this type of conventional diaphragm valve, there
outsidadiRiméter ofi28ainwed , Ripphdximatdhat! .5 heilliGu tinaésievithsa full stroke

difficult to stabilize due to changes of flow rate

AShan @Chﬁﬁ' ahd app ﬂm«hatém 5 h’ﬂliﬁbn'tﬁneé WMh QY fulptaskd SAS = 1.0
easily affected by changes of the Cv val ue over tine.

ecifically, for a conventional netal diaphragm
val ve, as shown in Figure 10, deformation of the valve
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9.52 mm 0, when the fluid terrperature rises from 20C

of the DO @Aluechover time. s cSrecHicaliyefarsa canvestionalt metal sdiaphragm
where the travel volunme (a lift stroke) of a stemis

valviex ag showstiarffiguret 10 sdéformatiarnaf thehealfé seat Batvdthotime cannot
fluid decreases approxi mately by 18% And, when

becRRidéd a6€ toanerfatt was aasmnattdtuyiredwamdalr(mmdstummr the
of high tenperature, the flowrate at the tinme when
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for a netal di aphragm val ve fl ow
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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



expected for the reason that the relationship between
the degree of valve opening and the flow rate changes
with time. [0015] Patent Documnent 1: TOKU KAl - HEI

No. 5-80858 6 t Disclosure of the Invention Cbject of
the I nvention [00161 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

DidHRG RS oF Ik Inleftib® the fact that the frequencies of
open/ cl ose operations of the netal diaphragmvalve is

b antially, the conventional netal
Ob'&ébq"ﬁ?rg%m"?g \8/{:1\ whi ch has a durability of 1 to 2.5
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characteristics of the valve unstable. Al so, g ry
(AldD) methed fomiseatmanimrocessirgitdusnta the fachtaat the Kequencies of
direct touch type netal diaphragmvalve that nmakes it

openiskisel epérationisiodbhe imgtabtiapheagmlvadve isxinceeasadl sybstantially,
continuous open/close operations, to be remarkably

thd EeHvevEiEnal bl diatgragmoiahe, Whith bheraadurabiligt oLt toR.5 million
the valve (that is, wt hout subst anti al decrease of

tirmleld )?«‘eé@dJ S%ﬂ;hé_ rr‘1‘u‘l"nt51=.tﬂ & onitihucas Wﬁ@hﬁﬂbéé/ opeR®nsf needs to
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changes over time, which causes fluctuations of the Cv value thus making flow
characteristics of the valve unstable. 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.



7 Means to Achieve the Object [0017] Inventors of the
present invention have focused attention on that the
durability (the nunber of continuous open/cl ose
operations) of a netal diaphragmvalve is closely
related to the valve stroke AS, and that the valve
stroke AS is directly related to the flow rate
coefficient Cv (the Cv value). The inventors studied

Meand t6Xefigvedthkl@bjeer rel ation of durability, valve
stroke OS and flowrate coefficient Cv of various

[00AT a'lmfarﬁa&r 80 ngl'é/s%%t BXveHtioROhawe foars@Heaﬁ@ﬂtdnoaﬁothat the

Cv'val ue neasurenent testing device shown in Figure 8
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Th h t it
ciphegd JENE I EREn Bt e al@%ﬁﬁﬁég%%eﬁ#;% fhe valve
strofforris drsele relaled® 8 noke Gie SosMmtpGE Gefaide). The
Thus, to obtain a prescribed Cv value, there is
inveptars iidiede and exarsineskiecEomalation of HuEaLIBY.pealve stroke AS
same as the full stroke AS, which is equal to the
anddldwrrate boéffjeientiG@hof Adanoﬂstmetalmilaphragapwah@m by using the
I nstead, a Cv value exceeding 0.55 to 0.7 may be

afcre mhentiched Ch valueaieas stenmdre téQirpdevice shownght-igifre 8.
approximately 55 to 70% of the nmaxi mum hei ght On.

[0d18919hblEN® HYIGREFigurd 6 Fid @8 7 anBardle 2randdable 3 below, and
af ore-nenti oned findings. The present invention, as
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IreCt touch t metal di aphragm val ve

' it h val v
th#ﬁ@ﬁgﬁtcghveg@@%xfﬁg% SR\ B e85 Ao vaue
nmuni cation t.o | u i nlet an t
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seat 13, and to hold herneti Clt \pt@l;a ve chagi)re[(
Thys, toj %btﬁinr%EfGF%P"@SHtc&‘tV%'He\Ameﬁe1‘9nB° JOE tha value gyioke AS
its center part noving up and
to be made to be the same as the 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



8 a down. A stem 8 is provided above the netal

di aphragm 2 for free descent /ascent, which allows

the center part of the nmetal diaphragm2 to descend,

and an actuator 9 is provided that allows the stem 8

to descend or ascend, and a press adaptor 3 is

provi ded above the outer peripheral part of the netal

di aphragm 2 to hold the netal diaphragm?2 hernetically
dowet WAesteth@ igr prwvidextlapbue tRe andtdl [diapluagom2f forefred descent

t he val ve chanber and to control the descent of the

fasBéRtTwhicH alldWs théreerfer (past ofatheanéril dia 2pfmé¢m Ztwdedeend, and

The afore-nentioned netal diaphragm?2 is made up of a

an laid gqsgﬁav.dsermét alloWs thdlstrmls fwaeséend)i;rta%band and a

staln plates and thin Nickel Cobalt alloy
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m val ve straoke LS of the valv 0 The
ad%tefsga nﬁe@ﬁitpahfacs ?&%.v%«a cha e&.amigoge%gpﬁﬁ%gdq%em of
Claiml, is made so that the Cv value of the valve at

the; sfem Bnat tte Hee afithe aplve keipgilully Slosed. ndde aforgunentioned
0.55 to 0.8. [0021] The present invention, as clained

metal didptirag® 2ds onatienygp tob acllaaiimteddrody@cahmia'ngi&Bphmle'\umber
so that the netal diaphragm?2 is nmade to have a bul ge

of Wi g@inléss sieal plate$antiahipONizkeW Cbbalt atioy elatdiiaf@teed in the
of 15 mMm O, a bulge curvature that is 62 to 63 mm

shad bf 2oy, eévé!ﬂsetmgﬁwmfltsl@eﬁter ?Qrt HiNded @pward, Eindase 55 to
curvature that is 59 to 61 nmwi th an outer dianeter
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[08981 ! Tﬁcle epcrgsé)r];t ltnl\}clen |o'}|1I Cakseclalme in blalm Q c@l)?utir?g to Claim 1, is
made so that the Cv value of the valve at the time of maximum vaive 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 1.2to



and its outer dianmeter is 24 to 26 mm 0, the maxi num
bul ge height L his 1.2 to 9 1.3 mm and the maxi num
val ve stroke LS is 0.65 to 0.8 mm [0023] The present
invention, as clained in daim5 according to Claim1l
to Caim4, is made so that the valve seat 13 is nade
wth PFA, a stem8 is provided with a valve stroke
adj ust mrent mechani sm 16 so that the valve stroke OS
1.3immeadi teechaximlurmi vadvke sivoke ph8sis 0.@Eetb 88 mmal ue by t he
af ore-nmentioned val ve stroke adjustnent nmechani sm 16
[0028] eTheqires8hINYeAtien/ & ekimeddahaClaims atcérkng ¥@IOlaim 1 to
are perfornmed over 3000 to 10000 tines. Effect of the
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t ouch type nmet al di aphragmvalve is nade so t hat t he
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e size max| mum bul ge
ei L
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e ful] stroke OS of al ve, .t hus
strqheswpﬁiwwﬁammaw@ aliBp hiHou: Sherdilon qnegatiops of the
the netal diaphra n1dur|n8 Pen/close operations of a
Va'\&%\ﬁ%PEGOT"BQd@HﬁT @00 t 400 tiMes. sane time, a
prescribed flow rate coefficient (Cv value) as
required is fully secured. As a result, it is possible
that the feasible nunber of repetitions of continuous

Effegteof/itiod rpentipar ati ons, which indicates the durability
of the netal diaphragmvalve, is raised to

[OOQHPV VWtW@bVes@htﬁﬁNe’iﬂmhl aegirddiabuct typEemetaindiaphiaynivalve
di aphragm val ve. [0025] A stroke adjustnent

is MR8 2B that the %9%'1!%% é%@@ Al tftthﬁ RS WHphragm is 55 to

I nvention, and appr oxi o 10000 conti nuous

70‘%'08{"%@& %k QRIS 1 ag(gﬁ%%ggqeéo CRI A, AOEh s the

e val ve se

mm@u{xp Feayinemen hg ort])télutidaedeswe ow Fate c'oteﬁlc‘cférﬂtbv Mt%h?&akmg
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 result, the
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10 so-called changes with tine of the valve seat are
substantially reduced, thus the flow rate coefficient
Cv (Cv value) is nore stable. Brief Description of
Drawi ngs [0026] Figure 1 is a cross sectional
schematic view of a direct touch type netal diaphragm
val ve in accordance with the present invention in the
case wherein the diaphragmvalve is of the NC

soJcBWédTehé %é‘é Wﬁﬁdhné )zSPﬁhe Va8 s8afareSsubstantilignedaced, thus the
draw ng showi ng a deforned condition of the netal

floﬂéaﬂﬁd%mlmvw@v% 2‘?5 hioré s with a valve stroke

nm 1 n accor nce wt e val ve enbodi nent
shown in Figure 1. Figure 3 is an expl anat ory draw ng
show ng a deformed condition of the netal diaphragm

%ﬂs %valvrglsoenvvlthavalvestroke LS =1.5
Brigf,Descriptio th the val ve enbodi nent shown in

(06261 ot csih Ei0sh SoEtioRl ScRBUTRLCaISH: bf agﬂﬁﬁﬁﬂh@ge meta

valve is closed wth a valve stroke OS5 = 0.7 mm
diapbragraaadve in aecardancewith thebprgisashinvention in rth¢|ce§eéfvhereln
1. Figure 5 is an explanatory drawi ng show ng a
theddibph rageh valvdiis iob theoNCt (nermatly alosddptyimeagm when t he
valve is open with a valve stroke LS = 0.7 nm in

accormgnre? W 4h ekprinatdry erawingdihtaving alusformed Eobgditien of the
1. Figure 6 is a diagramshow ng the rel ationship

me@éltd’iﬁ HH?Wﬁ%thﬁe vilivePlsecifsed WithVf vavetstroked A S e {150Mm in

rate a valve in accordance with Figure 1. Figure

acgorbég@%?%@%éé&%%ﬁﬂéédﬁ‘ﬁf S FTBE Bl e LD,

L PSSP R by o yon v
me?aelvclllgghragm 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



t used with the present invention. Figure 9 is the
illustration of the results tabulated in Table 2.
Figure 10 is a cross sectional schematic diagramof a
conventional direct touch type netal diaphragm valve.
Li st of Numerals and Characters [0027] A Driving
fluid (air) Ch Maxi mum Bul ge hei ght of a bul ging part
AS Val ve stroke (valve lift) G Space N Nitrogen gas

useRowitls theBpFaisens ivventiealuci ng valve C Filter D Flow
meter E Manoneter F Valve to be tested Pi Primary

si de Fy e isethe HRURNioR dvehé regiiiiaRAb@EBSBiInPTaS 2.
adapt or (SUS630) 4 Bonnet 5 Screw part 6 Spring 7
Di apiiqg 96 §S S créfP s¥LiBR)schématic 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)

Space

Nitrogen gas source

Pressure reducing valve

Filter

Flow meter

Manometer

m m O ¢ @ Z2 W

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



a 8 Stem8a Brimportion 9 Actuator 9a Supporting
cylinder part 9b Screw 9¢c Piston 10 Fluid inlet 11
Fluid outlet 12 Valve chanber 13 Valve seat 14
Driving shaft 15 Stroke adjustnment nechanism 15a Lock
nut 16 El ectro-magnetic valve 17 Proximty sensor
Best Mode to Carry Qut the Invention [0028] The

enbodi ment in accordance with the present invention is
desci8 b8tkmas follows with reference to the draw ngs.
Figure 1 is a cross sectional schematic view of a

di rega tBHENpéiBA Metal di aphragm val ve (hereinafter
called a "netal diaphragmvalve") according to the
present AkLf) ion in the case wherein the netal

di aphragm valve is made to be an NC (normally cl osed)

type gual | Figure 3 are enl arged views
to s éw §§p%?rﬁllg§£yop§% en the netal diaphragm shown
in Fig%urg 1l is closed and opened with a valve stroke L
13 crew

9¢c Piston

10 Fluid inlet

11 Fluid outlet

12 Valve chamber

13 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] The embodiment 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 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
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S=1.5m Furthernore, Figure 4 and Figure 5 are
enl arged views show ng deforned fornms when the netal
di aphragm shown in Figure 1 is closed and opened with
a valve stroke AS = 0.7 mm [0029] As shown with
Figure 1, 1 designates a body, 2 designates a netal
di aphragm 3 designates a press adaptor, 4 designates
a bonnet, 5 designates a screw part, 6 designhates a
S =Spi5imen. FurtiserproarbeFigureidophd Kigurerseareeniabged views showing
desi gnates a stem 9 designates an actuator, 10

def@ﬁﬁé&ﬂéﬁr\% vihdr el métbpu»aphlagrﬂeﬁimauﬁugu.@ Wiig closed and
let, 12 designates a val ve chanber, 13 designates a

oo it 382hve SfolESA GBSy 11 Vi G Shai 15

des gnates a stroke adjustnent nechanism 16

I
(00g8E éﬁ%@?@%ﬁﬁoffgﬁﬂrﬁyﬂiﬁL@%@.‘naﬁ%%éo?o%ﬂd? Hesignates a meta
. afore-nenti.oned body 1 i de out 0 inl teel
diaphyag. Ldesignaes hhss adantdre? SEsunates APPAN: 3 ksidates a
val ve chanber 12 with an open top for co ni cati on
screw Rart i flasignates oa o$RING. 1 [ LAesighates: a1 diaphragmn presser, 8
sides of the chanmber, wherein the fluid inlet 10 and
desigreates 8 gtemt |9edemgne§@@namacamat9pp‘e(9 designates a ﬂ@ld mlet 11
body. A synthetic resin (PFA, PA, PI, PCTFE, and the

dedigriates meflldd outlet; el Sdesigidtesa valve e:hamher,f13<éesignatesea valve
bottom face of the valve chanber 12. In accordance

seall 14 tdwigiaeenh ariving shaft, of5 tdusigrmtest aostrokd eadjustment
val ve seat 13 is fixed to a valve fitting groove by

BRARISMOR 6 dt8s af B gng. [0031] The
mea fore- mnmsﬁ@d met al di apmﬁz is installed above

val&@%n\@*zaﬁggﬁgﬁﬁgré mit ggh f1 herneticity of the

val've and away fromthe

ool dd A5 Bl TEULEY SRENER, 0 0 o

it fapd AR e i e e 1 o
openrrlettoa;;I fo?lcg%%tgr%c%uén to a f|UId inlet 10 and a fluid outlet 11 on both sides
of the chamber, wherein the fiuid inlet 10 and the fluid outlet 11 open on an upper
part of the body. A synthetic resin (PFA, PA, Pl, 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 plate (0.1 to
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0.2 mmthick) nmade of special stainless steel (such
trade nanes as Inconel, Spron), and the |ike, and a
thin Nickel Cobalt alloy plate (0.1 to 0.2 mmthick)
upward. By lam nating 3 pieces of the reverse-shaped
thin special stainless steel plate and 1 piece of a
Nickel Cobalt alloy plate into intimte contact, the
netal diaphragm?2 is fornmed in a reverse-dish shape
0.2Tinen thecke)l ndidepbf special stailess stexd (aughetiadeenainepaas Inconel,

that is placed on the extruded part of an inner

Sproay,i sHethal likeaemdoa thineNicke-eCobaltraitoy bhatei(8. 1t faor 02tmm thick)
onto the extruded side of the body 1 through the

upvlmﬂ' ag ﬁﬁnﬂﬁaﬁnétaab@c%%f%éeﬂev@%é%?ﬁ&wﬁ tisifl adiie!@ial%tbwess

the [ower end of a bonnet 4 that is inserted

steéQSi?te‘sEﬁ? ¥ ;}éE%o 13 1%’keﬁﬁgog?ﬁ dus}@ﬂétﬁ\é}ﬁ%e infifaté cBRERY the

me% %%a ?gg%\@h fogﬁegvh% Fg'}ﬁ% %é ﬁ&ﬂ X c e 'T?u%l th¥étal §¥phragm 2,
| tact de gf .th t 003 \Yo!

whiEf Sh¥ o aerigheleh oo it g RIBFFAGR xﬁapﬁéﬁ ]qiawi?nner
an outer diameter of 26 n& a curvature of thgtg g%

perjpheraldace ®f te ivalveneharmber Jkelpdhfist ORto thg Gxtruded, gide of the
for a valve with an inner dianeter of a fluid passg

bodyf 19thsaughmthel)mediationeofi ansiaiplasgesteel grade. presss adaptor 3 by
af ore-nmentioned bul ged part (Lh in Figure 3 described

mehns ef the Bwier2miof Aboarahiteat isfinserteek iato theayaivaghamber 12
as inplenented, there exist one netal diaphragmwth

andans %Panediuﬁt@beécr@ﬁv 2arte ofafié dodyr v athusealidwing. thenmetal
for a valve with an inner dianmeter of a fluid passage

dlag agn?’g tmeohelao"%hoa@%&‘ﬁémﬁﬁlly di pRE NJEIB| Wi Gébélﬂalloy film is

i anet er mMm and a curvature of 62

o A O 1,
oS RSl e 4B B 458 o

t he body 1, d fixed t h
dlame(teer gf 6 mm ag cunl'vsalturlexcgelc the %uﬁge% Szla of 86 mm in t%e 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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body 1 by neans that it is screwed into the screw part
5 provided on the inner peripheral face of the valve
chanber 12. [0034] The afore-nentioned stem8 is
inserted into the |lower end part of the bonnet 4 for
free descendi ng and ascendi ng. A synthetic resin nmade
di aphragm presser 7, which contacts with the upper
face of the center part of a netal diaphragm?2, is

body bbiydadans thatet isosereweddnimthe séretwhpars tSepra®idgddos he inner
More specifically, stem8 is installed in the bonnet 4

perfpbleralfage BeEREVEIVE ghambérd2cendi ng so that the
pol yi m de made di aphragm presser 7 fixed on the | ower

{oogﬁ']d TR %f&@lﬁéﬁiiﬁn&tj thsgerhh? idRisehedi iRRN RO Mwer el pak of the

ressed down wt elastic force of spring 6

borH]ég?H? t l?l%e”%s%h{fiﬂg?fapﬂegkgglgﬁiﬁgm pAe§gr?lnhgﬁcs%sin made

e center par i aphra can rest
. on the val ve_seat .13, dri.vi 4 f
diagfaht BI%sET T ictbpopReisohit LS BREY facborsll iter part of a
upper . end part of the stem 8 [00 There |s _ provided
me ?gﬁmrwtfs%pwwgoniﬂ%[gw%rr%mgfg*wg?he stem 8.
af ore-nenti oned stem 8. \Wen the valve is fully cl|osed,
[0035) Mese spaciicalyastera ig instalied indihgdmnugtdtor fgedeggending
the val ve seat 13), excessive descent of the stem 8
and ascemding|dcethad tbe tpolyimidd made diaptgagmupiesser dufixask on the
the upper face of the afore-nentioned press adaptor.

lowkP @add]fadd eoatavte withntheometh| saphregmd? usndrinpresset atovenwith
15 conprises a |lock nut 15a screwed to a supporting

the@AétRORcd BF bﬁﬁﬂg &f thr b\ e ediatidnodtca Hiaptiagmypresser 7 so

screwing to the upper face of a bonnet 4. A screw 9b

thaf fe p{\‘gl?!;i ?Ett dtthe #‘ﬁ?"tﬁ\! Eiapﬂ?%@ﬁdzeéar??eét% MY Pdlve seat 13. A

peri ace o e supporting cylinder part 9a,

a5 s8R B SBBBEL  RIFHR 5, RIBRSES 1 o
encgg%ﬁzﬁg?dfgt%g% Qat the size of the valve stroke OGS is

[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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[0038] The afore-nentioned el ectro-nmagnetic valve 16

is directly fixed to the wupper face of the actuator 9

and controls the flowof a driving fluid (air) A

supplied into the actuator 9. The reason why the

actuator 9 is directly fixed to the el ectro-magnetic

valve 16 is to raise responsivity of open/close

operations of the valve by mnimzing the space of

[OOBBﬁ The \afoce-frienitidned sslectro-ataghestic viabad 16 ds airectly fixed to the
orteni ng of open/close operation tinme). [0039] The

upﬁr%@en@mth@%ﬂmépg Bhdl Yedrio thd Hlowtbfcd drﬁmfgﬁrﬂuid (air) A
detecting changes of the valve stroke CS and t

sup?l’ib&‘?nt%t ?k&t@o'rtgselﬁheafte isBR Wi am?] Uatdr@lsvéﬂé/cﬁly' fiked to

ated tor openlng and 03|n ormed on

IR T -
e 3B350d o B 5 G O S e

Wi th the present inventign, is explained. A valve,
(sherigning; of openiriose QP?'@“@BEE‘W)& uted as a so-called NC
énormall cl osed) t thrusts the netal diaphragm 2
[00a8]\n ke @ferermegtion prm@mstv iSgASOT 15tvich isfaridedecting c
force of the spring 6 at all tines, and the thin
chavigesalf theDghlzktstmkio $anad ¢hevalvbstbenA S itself atibe tirae when
gas contacting face) of the netal diaphragm remains
thelvaiecie dperited folvapasing e osirdris $érnudd vh thes upperace side of
adj usted by the spring 6, and the descending volume

the‘Hctﬁét%F‘Q8 The' Sore-mdflioRedidiRKer 25 indaticted By rh@é‘éUlr]ng the

driving air Ais supplied to the actuator 9,

spa%’g ‘&@%ﬁﬂé &Agc rai sed upward by a val ve stroke

|at|on of the piston 9c, thus allow ng

B AR bt 1% 308, BBoom, s,

stlcf r sotht t he valve| open
acpy &?a ﬁffe@re%ﬁrﬁ e 'Asea< 1ot y2[B, ps shown in
_presorlbed val ue by neans
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 9¢c, 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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the | ock nut 15a of the stroke adjustnent nechani sm
15. Specifically, as described |ater, the valve
stroke LS is set to 0.65 to 0.8 nm (preferably 0.7
mm in the case wherein the netal diaphragm?2 has an
outer dianeter of 26 mm, a curvature of 60 nm the
maxi mum hei ght of the bulged part Ah = 1.2 nm 3

pi eces of 0.15 mmthick special stainless steel plate

the 486k Indi €5& off tHe &hoken adjbstederiti meehani€obdlst  Hpewyfically, as
plate (which is hereinafter called "a netal diaphragm

deslaﬁ%eﬁ hstet MPOVRR AlickE 28Ukt o .66 OL8 mrﬁe$méferab|y 0.7

phragmis used for a valve for a diameter orf 9.52
: 4 i .
e Bie.c4e perei He richal Ragaghl 256s BT GPAlMeter of 26 mm
ith th to] j ' [ ' n
o Repiyatin Bt 69 R, e BakeRn NefgRRg 1A BulgeRTRRS! AR 1 mm,
enl d vi how. t he . t f o4t I
3 PIRGPWRILHS (1B HEKAPRHIEl p Bl 217 HAE APbA P REh ! Shismm
ol . I . R . ' .
thickaViekell-1Goaail alymiath Giiie HRRINalieE CBlfh ATistd] diapyagm in
val ve for which the netal diaphragm2 in the
the amplemendatibne¥dmpig| enent ati on exanple 1 is used. In
accordance with Figure 2 and Figure 3, the valve

1") stheakthe InSeta diaphssgm tioubed fora vaive Toraa distrnagter of 5izrmgnd .
2 is completely restored to its original shape due to

[004PF Negt, itiSdestiitsed Hel\Re vhivelstrok8 1SS bathgemetdiaimptiragm 2,
maxi mum height Oh = 1.2 mmof a bulged part of the

in déi%gﬁdrae LA B bresehPRdShtioE®adbiedt 2] Figure 4 and

are partly enlarged views to show a cl osed
st at ' and an open state (Figure 5) when
thelsgf@@q@%ﬁgﬁe OSis made to be 0.7 mmin

Reéﬁrﬁfﬁé?@&ﬁ@éﬁéﬁbﬂ% Z‘ils.vaiggﬂ%w einﬁ‘aéieg%igwlto SHbWHLE Riosed
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 partiy 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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I mpl ementati on exanple 1 nentioned in paragraph [0041]

is used. The netal diaphragm2 remains slightly

def ormed wi t hout being restored conpletely back to

its original state, as shown in Figure 3, even when

the valve is closed. Specifically, when the valve

stroke LS is made to be small, deformation volunme of

the netal diaphragm 2 becones small; hence, distortion
implémentatisppdxamdpleo! nientiometidh pliragriaphd0021piscusextk The metal

relatively small. [0044] Now, when conparing a valve

diaph af@m?ZA%niaiﬁméllg\hﬂWdéfwmeuauﬁﬁdmlﬁlngféﬁoiémbompwely back

difference is seen in the shape of a nmetal diaphragm 2

to g§ or ﬁéleﬁal%?fé’é ShoNH il tFl%L%e' sag}sﬁ Wwhah et vavehis closed.

rence I1s seen in the pace bet ween a val ve

softny. EAnIHF ABE S 155D gk B e
R LA A Iy

tgane a}]fore nti oned val ue asurenent test device,
metal gigphragm; 4 beeomes salatively smalhl  qi aphragm shown in
ure 1 wherein the netal di aphragm2 in the
[OO&ﬁ r BloMe Whem eampasng i Yabiei elokex dvpré- 51nmsz§§@dvalve stroke
Table 1 is a chart to show the |ift, flowrate and Cv
A S0, tmnt,omueb plifieienge tis seensinttbetshapeeot agnetshdiaphragm 2 as
conduct ed under conditions of operating air pressure

statefd Hefore, Vha it iafehrhbd that rgtestchddiferaide isfseehdn tle gpace G
seat of 0.128 nmm (the height after baking at 80C). 19

betWé%Gﬂ véﬁé@aﬁt S]anld tﬁb(lﬁ%rzﬁ]rféﬁe%gaggﬂélfﬂl% ) mVZﬂ ge
[001§P [Embodlment 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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0.310 34.8 0. 284 0. 408 46.0 0. 375 0. 505 59. 0 O.
482 0. 593 65. 0 0. 531 0.700 74. 0 0.604 0. 792
75.0 0. 612 0. 897 77. 0 0. 628 1.000 79.0 0.645 1.
106 80.0 0. 653 1.202 80.0 0.653 1.316 80.0 0. 653
[0047] As apparent fromFigure 6 and Figure 7, it is
| earned that a Cv value of 0.55to 0.6 required for
the val ve can be achieved with a valve stroke LS of
[0036pr prabietply 0.65 to 0.8. In particular, by making
the valve stroke ASto be 0.7 mm a Cv value of 0.6
can be(aah} eved. | | tFlbs Ratéalldedn)t hat |t her e G Valueneed
for the netab.ode aphragm 2 to be debornmed to the 0.000
max1 mum ext emtjoppssi bl e by neki mgaghe val ve stroketo
be 1.3 mm (Thgofraxi mum val ue).” [{H§8] [Enbodi ment ¢4{30
Tabte 2 showg 3y re resul tsof tne34$@ Test on a vglg

WW!} di dplll agNT SPECT 45 K ti IUnb as t1osSg 379

:535‘: ICl Cl: UI CllJIII a\dlllgg bll t 0482

C

Al a 1 it A—Baraerad

T bt b e o or thar i pl E

passage conn®dP®d to the fluid |7:4Igf 10 i s 6, QE Iu QQJ'

For _this te®t’92B valves were matmPactured for 0.612

testing, No.9.834|ve with the proJkeftied height of 01438

val ve seat 31.6000.174 nm No.2 v#l.¢e of 0.176 nm &rfi4d

No.3 valve 0fio®;068 mm In part8callar, with the Roi53

val ve, the val2ge]ls open/close 80.0 0. 653
1.316 80.0 0. 653

[0047] As apparent from Figure 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 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. 1t 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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operations were conducted over 10000 tinmes in advance
by striking the face of a 20 valve seat for braking
in the valve and the operating air pressure was nade
to be 0.55 Mpa (upper limt value). [0049] [Table 2]
Lift Test Valve No.1 Test valve No.2 Test val ve No.3
(mm Flowrate Cv Value Flow rate Cv Value Flow rate
Cv value 0.000 0.0 0.000 0.0 0.000 0.0 0.000 O0.100

valfe et 100 Brakity i HeG/alvddald Hdopdraling air(bréssur@vasl hatle to be
0.107 12.0 0.098 0.300 30.0 0.245 30.5 0.249 28.3

0'5@"@646” A0fnifFalief). 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

0 & 4.0 0.522 0.700 65.0 0.531 65.0 0.531
[Oogé]. 0 &ag%ZFO. 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

0579773, 0 wﬂw‘t 1 2OUT7IS UsUvi nol2 U U. PrFedtSybve No.3

0907 45 990, 13 4GB0 TH 0 8, T 15,0 AT
TR o T TS M0ce o P veraP W hom b By 0.00
t Pd% nplenedt-&iion &&iidle 1 8‘%equir£&°b val | ®0q¢ 5 0.000
te20 6 can Be’obtai MetBMith a Wallue st PIRE} AS of 12.0 0. 088
appooXxi mat ekoyo | 0. 65-00248. 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 £9.0 0.563
0. 900 70.0 0.571 71.0 0.579 70.0 0.571
1.000 71.0 0.57% 71.0 0.579 72.0 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. 1t 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
high temperature of 200°C in advance. Table 3 shows the measurement result

when the measurement of Cv value was conducted at high temperatures of
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[ 0051] [ Enbodi nent 5] Table 3 and Table 4 show changes
of the Cv value due to deterioration of the shape of
the val ve seat over tine, and the data shown here
illustrate the relationship between the nunber of
open/ cl ose operations and Cv val ue when the valve
seat was struck by conducti ng open/cl osed operations
of the valve at high tenperature of 200C i n advance.

200%@baskd $a§|€0|/\§h<§\b§ tnaemrsara?ﬂéntrreﬁmk whewtRe ridesurement of Cv
measurement of COv val ue was conducted at high

| IR @g}ﬁ,‘? @fstedabl e 4 shows the
Vadri%ﬁrehé%te@rdgéuq&ﬂqﬁ ?1 measurenent of Cv val ue
vvas conducted at nornmal tenperatures. [0052] [Table 3]
. of Open/C ose Operations(tinmes) No.1 No.2 No.3 O
30 6 0. 316 1000 0.502 0.489 0. 476 3000 O.
[Oog%lo é'g%él 0. 491 5000 0.519 0.512 0.506 10000 0.529

Qo579 -5, 20000 0. 529( 74%F) 0. 529( 62. 294P)

cbﬁgrjaz?'}éei ﬁﬁ)i;’; [0053] MoTabl e 4][ (times)Nb.1 No.2 No.3 No.3

0 0.498 0. 506 |0. 498 ozm@oo 0. 5[79( 16%J8)320. 571( 12, 8%P) 0.316

0—555t11: 4%er 6654 OTm ¢t ne resutt own i n e

chang@%%f t hg shapeocﬁﬂothe val ve seaP 54 cease after 049!

cont i BoAUS 0.519 0.512 0.506
10000 0. 529 0.529 0.511
20000 0. 520 (T4%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%UF)

[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 aperations, 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 openiclose operations), where velocity of open/close
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open/cl ose operations of the valve over approximtely
10000 tinmes in advance, wherein the Cv val ue goes up
and becones nearly saturated. [0055] [Enbodi nent 6]
Table 5 shows the relationship between the stroke AS
when continuous open/close operations, using a valve
for which the netal diaphragm?2 in the inplenentation
exanple 1 nentioned in [0041] is used, and the nunber
operktiony eha vaheds @piimes ipensecond to 4 limes per sdvenda net al
di aphragmis ruptured (the endurable nunber of
open/ cl ose operations), where velocity of open/close
22 operations of a valve is 3 tines per second to 4
moggﬂggﬁmmgs econd. [0056] [Table 5] Stroke AS nmm
Nu ndur abl e open/cl ose operations 1.2 nm or
nore Approx. 1.5 mllion tinmes 1 mm Approx. 2.5
mlliontimes 0.7 nm Approx. 50 mllion tines [ 0057]

touch. BYBBS e S apnr s SRR ¥ RSl gperatons

diaphragm having the nmaxi num bul ge hel r,t Ch of
a%ﬁ?"ﬁﬂﬁfﬁ?'@l y 1.2 mm and t he APRIe%nap nilligpdiness of 20

LO LO”"I ITl | S Ubeu | L | S | pal nea L na[ L ne reql.“ red LV
‘v@mue i s mai ntai ned, and at Wp@r%nﬂe5MIH@ntthees nunber

af s ahkhl nl ~l H
o1 eatant—e UlJUIIl CTO0Se UI.JCI aLI orrs—can UC L 1y CIIBIIUUUDI y

0.nesrased by neans that the Apprace 50 milkien flbess made

to he the v

hei ght Oh. Feasibility of Industrial Use [0058] The
present invention can be applied not only to

[ooﬁzg‘mﬁgggb%%rght ﬁ‘aEﬁg h %ﬂrﬁa\’g(@ﬁ‘?@%gﬁr' With &5 dtdtt 2Gch bibe 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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i ndustries as well as foods processing industry, and
the like. 23 Scope of Caim Wuat is clained is: [1] A
di rect touch type netal diaphragmvalve characterized
by that, with a direct touch type netal diaphragm

val ve made up of a body equi pped with a valve seat on
the bottom face of a concave val ve chanber for

conmuni cation to a fluid inlet and a fluid outlet, a
met al di aphragm provi sbpgbsf@lamval ve seat, to hold
hermeticity of a valve chanber, directly contacted

Whmigra%m@j e seat by neans of its center part noving
upward and downward, and a stem provided above the

[1] ?‘ﬁ&ﬁéctdto%%f T—r%ftalf %Shﬁ{ggﬁ%ggléé%%%ctéﬁté& By Hﬁ%ﬁwnh a

e cen aphragm to descend,

0 r

diregf 10 rbﬁveoié“m @E“@ﬂg&@%@f& il uf R3S s
e her rt .to hpld the netal hr

vaiiseeart e yAtERh fade of ncobPac vaifs 8@&&3‘9%%“”&&%%‘%" to
face of a valve chanber and to contro] descen@ of

a flyiddnlet and & fluid outiet, r?emg{a'éﬂ%f@@“tﬁpﬁeeﬂ e‘?‘}}’ec? yalygseat, to
t he above-nenti oned netal di aphragm nade of a

hold chermeticity oy vedrep chambgr,adippailyacontanies Wﬁ?‘ arvalve seat by
stainless steel plate and thin Nickel Cobalt alloy

meahsiiof itsscénenpdrti moving whware afd alovowvatd, aedea sterdiprpvided
with its center part bul ged upward, and the 55-70%

abdliethafietab Hidpheadm forree dustest/dsicpbvhith allowd theabenter part
mentioned netal diaphragmis regulated to be the

of {FRXIEH H@d%ﬁa%&r%‘edés%eﬁ& anVakiiator] which Alibwsttheosdin to

type netal hragm val ve' as clained in Gaimi,

oo, A7 e BB gl poper
parg*o;ﬁcﬁg iltw S e @iﬁﬁl}ra R hefheRIBHBWELY ﬂ'ueaﬁre%'saddéﬁ?oﬂ afhd the
bottom face of a 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
buige 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
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wherein a netal diaphragmis nmade to be that a bul ge
curvature is 66-65mm 24 with an outer dianeter of
15mm 0, a bulge curvature is 62-63mm with an outer

di ameter of 18-20mmi , or a bulge curvature is
59-61lmmwith an outer dianmeter of 24-26mm 0. [4] A
di rect touch type netal diaphragmvalve as clained in
Caim1, wherein a netal diaphragmis made to be a

with a8 ditérediamet@CofoBhimEmda bulde olrvatureds 62~68mnh With an outer
stainless steel plate and | piece of thin N ckel

: I Il e ' ds a5Bi@Tmis with- 2@mauter
dla@?@hgf arégx?gunpnhg%ﬂ goéaﬂg?tg ? ?Alﬁu?tgﬁ 2-1. 3m’$1n and the

dia'ﬁgﬁf@*%\"?b@p troke AS i's 0.65-0.8mm [5] A direct

ch typ I di aphragm val ve as clained in Claim1l

t am4, . wherei t. - W :
14 s RefieRd Byp g aneiel e h a3, a3 Solg (L EHInT T Wnerein o
chani sm so that, 6 a valve stroke AS, i g adjuste .
mefay dEAPNYROTR 1S phasis I bed fé’@f‘adﬂlﬂﬂ@tﬁ‘f bgdy H@é‘i’%@“pﬁg'eces of
_afore-nentioned val ve stroke adjust megé WECU‘S\F" Erp .
thinastainlessosteeh plate anseh/mieessef e NigkelCofalhajay platg, and its

performed over 3000 to 10000 tines. 25 ,
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] A direct 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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