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DIAPHRAGM VALVE 

TECHNICAL FIELD 

[ 0001 ] The present invention relates to a diaphragm valve , 
and more particularly , to a diaphragm valve of a type that is 
referred to as a " direct touch ” type . 

BACKGROUND ART 
[ 0002 ] A diaphragm valve disclosed in Patent Literature 1 
includes a valve body provided with a fluid channel , an 
annular valve seat provided on the peripheral edge of the 
fluid channel , a metal diaphragm that has a spherical surface 
and that is pressed against or separated from the valve seat 
to close or open the fluid channel , a diaphragm presser that 
has a lower end having a spherical surface and serving as a 
pressing surface and that presses the diaphragm , and an 
actuator that moves the diaphragm vertically . 

CITATION LIST 

optimized , and then , the radius of curvature of the pressing 
surface of the diaphragm presser is set to be equal to or 
slightly less than the radius of curvature of the diaphragm . 
[ 0009 ] In the present invention , it is revealed that , depend 
ing on SRb / SRa ( the ratio of the radius of curvature of the 
pressing surface of the diaphragm presser to the radius of 
curvature of the diaphragm ) , which has not conventionally 
been considered , stress applied onto the diaphragm varies . 
Additionally , in the present invention , the optimal value of 
SRb / SRa , which is in the range of 0 . 4 to 0 . 6 , is obtained . 
[ 0010 ] . This diaphragm valve is suitably used as a direct 
touch type metal diaphragm valve , which is mainly used in 
a gas supply system of semiconductor manufacturing equip 
ment , and the like . 
[ 0011 ] The diaphragm is made of metal and has the shape 
of a spherical shell in a natural state , which has a circular arc 
shape bulging upward . The diaphragm may be of a lami 
nated type , consisting of a plurality of layers . The radius of 
curvature of an inner surface ( the inner surface of the 
lowermost layer ( fluid - contacting side ) in the case where the 
plurality of the layers are provided ) of the diaphragm should 
be referred to as a radius of curvature of the diaphragm . 
[ 0012 ] The valve seat may be integrally formed with the 
valve body , or may be separately formed from the valve 
body . 
[ 0013 ] The diaphragm valve may be a manually operated 
valve in which vertical movement means is an open / close 
handle and the like , or may be an automatically operated 
valve in which the vertical movement means is an appro 
priate actuator . In the case of the automatically operated 
valve , the actuator may be operated by means of fluid 
pressure ( air pressure ) , or may be operated by means of an 
electromagnetic force . 
[ 0014 ] In the present description , the movement direction 
of a stem of the diaphragm valve is referred to as a vertical 
direction . This direction is however used for convenience , 
and in the actual attachment , not only the vertical direction 
is made the up - down direction , but also the vertical direction 
is made the horizontal direction , in some cases . 

Patent Literature 
[ 0003 ] Patent Literature 1 : Japanese Unexamined Utility 
Model Application Publication No . 2 - 29361 

SUMMARY OF INVENTION 
Technical Problem 

[ 0004 ] In the direct touch type diaphragm valve that 
repeats opening and closing operations , improvement of the 
durability of the diaphragm is an important issue to address . 
Patent Literature 1 aims to improve the durability of the 
diaphragm by optimizing the shape of the diaphragm and the 
shape of a portion that supports an outer peripheral edge 
portion of the diaphragm . 
[ 0005 ] However , the relationship between a radius of 
curvature of the pressing surface of the diaphragm presser 
and a radius of curvature of the diaphragm has not conven 
tionally been considered . 
[ 0006 ] It is an object of the present invention to provide a 
diaphragm valve that improves the durability of the dia 
phragm by focusing on the ratio of the radius of curvature of 
the pressing surface of the diaphragm presser to the radius 
of curvature of the diaphragm . 

Advantageous Effects of Invention 
[ 0015 ] In the diaphragm valve according to the present 
invention , SRb / SRa = 0 . 4 to 0 . 6 is satisfied wherein SRa 
represents a radius of curvature of the diaphragm and SRb 
represents a radius of curvature of the pressing surface of the 
diaphragm presser . This ensures a uniform stress , which 
prevents excessive stress from being applied locally onto the 
diaphragm . This results in extensive improvement of the 
durability of the diaphragm . 

Solution to Problem Soluti 

[ 0007 ] The diaphragm valve according to the present 
invention includes a valve body provided with a fluid 
channel , a valve seat provided on a peripheral edge of the 
fluid channel , a diaphragm that has a spherical surface and 
that is pressed against or separated from the valve seat to 
close or open the fluid channel , a diaphragm presser that has 
a lower end having a spherical surface and serving as a 
pressing surface and that presses the diaphragm , and an 
actuator that moves the diaphragm vertically . In this dia 
phragm valve , SRb / SRa = 0 . 4 to 0 . 6 is satisfied , wherein SRa 
represents a radius of curvature of the diaphragm and SRb 
represents a radius of curvature of the pressing surface of the 
diaphragm presser . 
10008 ] . Conventionally , the radius of curvature of the dia 
phragm and the radius of curvature of the pressing surface 
of the diaphragm presser have been determined in the order 
such that , first , the radius of curvature of the diaphragm is 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0016 ] FIG . 1 is a vertical cross - sectional view showing 
the entire structure of a diaphragm valve according to the 
present invention . 
[ 0017 ] FIG . 2 is an enlarged vertical cross - sectional view 
showing a characteristic part of the diaphragm valve accord 
ing to the present invention . 
[ 0018 ] FIG . 3 is a diagram showing an analytical result 
when SRb / SRa is less than 0 . 4 . 
[ 0019 ] FIG . 4 is a diagram showing an analytical result 
when SRb / SRa is greater than 0 . 6 . 
[ 0020 ] FIG . 5 is a diagram showing an analytical result 
when SRb / SRa is 0 . 5 . 
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[ 0021 ] FIG . 6 is a graph showing how the maximum stress 
at a center portion and the maximum stress at an edge 
portion vary when SRb / SRa varies in the case where the 
diameter of the diaphragm is 15 mm . 
0022 ] FIG . 7 is a graph showing how the maximum stress 
at the center portion and the maximum stress at the edge 
portion vary when SRb / SRa varies in the case where the 
diameter of the diaphragm is 20 mm . 
[ 0023 ] FIG . 8 is a graph showing how the maximum stress 
at the center portion and the maximum stress at the edge 
portion vary when SRb / SRa varies in the case where the 
diameter of the diaphragm is 26 mm . 

REFERENCE SIGNS LIST 
[ 0024 ] ( 1 ) : diaphragm valve 
[ 0025 ] ( 2 ) : valve body 
[ 0026 ] ( 2a ) : fluid inflow channel 
100271 ( 2b ) : fluid outflow channel 
[ 0028 ] ( 4 ) : valve seat 
[ 0029 ] ( 5 ) : diaphragm 
[ 0030 ] ( 6 ) : diaphragm presser 

DESCRIPTION OF EMBODIMENTS 
[ 0031 ] Embodiments of the present invention will now be 
described with reference to the drawings . In the following 
description , the “ upper ” and “ lower ” sides in FIG . 1 will be 
referred to as “ upper ” and “ lower ” , respectively . The “ right " 
and “ left ” sides in FIG . 1 will be referred to as “ right " and 
" left " , respectively . 
[ 0032 ] FIG . 1 shows a basic configuration of a diaphragm 
valve ( 1 ) according to the present invention . The diaphragm 
valve ( 1 ) includes : a block - like valve body ( 2 ) having a fluid 
inflow channel ( 2a ) , a fluid outflow channel ( 2b ) , and a 
depression ( 2c ) opening upward ; a cylindrical bonnet ( 3 ) 
extending upward and having a lower end portion that is 
screwed into an upper portion of the depression ( 2c ) of the 
body ( 2 ) ; an annular valve seat ( 4 ) provided on a peripheral 
edge of the fluid inflow channel ( 2a ) ; a diaphragm ( 5 ) that 
is pressed against or separated from the valve seat ( 4 ) to 
close or open the fluid inflow channel ( 2a ) ; a diaphragm 
presser ( 6 ) that presses a center portion of the diaphragm ( 5 ) ; 
a stem ( 7 ) that is inserted within the bonnet ( 3 ) so as to be 
movable vertically and that causes the diaphragm ( 5 ) to be 
pressed against or separated from the valve seat ( 4 ) via the 
diaphragm presser ( 6 ) ; a press adapter ( 8 ) that is placed 
between a lower end surface of the bonnet ( 3 ) and a bottom 
surface of the depression ( 2c ) of the valve body ( 2 ) and that 
holds the outer peripheral edge portion of the diaphragm ( 5 ) 
between the press adapter ( 8 ) and the bottom surface of the 
depression ( 2c ) of the valve body ( 2 ) ; a casing ( 9 ) having a 
top wall ( 9a ) and being screwed into the bonnet ( 3 ) ; and an 
actuator ( 10 ) that moves the stem ( 7 ) vertically . 
10033 ] The actuator ( 10 ) includes : a piston ( 11 ) integrally 
formed with the stem ( 7 ) ; a compression coil spring ( biasing 
member ) ( 12 ) that biases the piston ( 11 ) downward ; an 
operational air introduction chamber ( 13 ) provided on a 
lower surface of the piston ( 11 ) ; and an operational air 
introduction channel ( 7a ) that is provided so as to penetrate 
the stem ( 7 ) and that introduces operational air into the 
operational air introduction chamber ( 13 ) . 
[ 0034 ] In a channel open state shown in FIG . 1 , a fluid that 
has flowed in from the fluid inflow channel ( 2a ) flows into 
a space surrounded by the bottom surface of the depression 

( 2c ) of the valve body ( 2 ) and the diaphragm ( 5 ) , and flows 
out through the fluid outflow channel ( 2b ) to the outside . 
[ 0035 ] The diaphragm ( 5 ) has the shape of a spherical 
shell , having a circular arc shape bulging upward in a natural 
state . The diaphragm ( 5 ) , for example , is made of a nickel 
alloy thin sheet , which is cut out into the shape of a circle , 
and is formed into a spherical shell having the center portion 
bulging upward . 
[ 0036 ] In some cases , the diaphragm ( 5 ) is made of a 
stainless steel thin sheet , and is made of a layered product 
formed of a stainless steel thin sheet and a nickel - cobalt 
alloy thin sheet . 
[ 0037 ] The press adapter ( 8 ) has a lower surface ( 8a ) . The 
entire lower surface ( 8 ) is tapered or circular arc shaped , 
with a predetermined angle of inclination . The bottom 
surface ( 14 ) of the depression ( 2c ) of the body ( 2 ) has a 
circular flat portion ( 14a ) and an annular depressed portion 
( 146 ) which is contiguous to an outer periphery of the flat 
portion ( 14a ) and which is depressed relative to the flat 
portion ( 14a ) . 
[ 0038 ] . The press adapter ( 8 ) is fixed in a state of coming 
into contact with an upper surface of the outer peripheral 
edge portion of the diaphragm ( 5 ) , by the bonnet ( 3 ) being 
screwed into the valve body ( 2 ) . At this time , the diaphragm 
( 5 ) is held between the press adapter ( 8 ) and the bottom 
surface ( 14 ) of the depression ( 2c ) of the body ( 2 ) , in a state 
where the upper surface of the outer peripheral edge portion 
of the diaphragm ( 5 ) is in surface contact ( contact over a 
wide range ) with the tapered lower surface ( 8a ) of the press 
adapter ( 8 ) in which the diaphragm ( 5 ) hardly deforms from 
its spherical shell shape ( circular arc shape bulging upward ) , 
since the entire lower surface ( 8a ) of the press adapter ( 8 ) is 
tapered . In addition , since the outer peripheral edge portion 
of the bottom surface ( 14 ) of the depression ( 2c ) of the valve 
body ( 2 ) is provided with a depressed portion ( 14b ) , the 
outer peripheral edge portion of the diaphragm ( 5 ) is accom 
modated in the depressed portion ( 146 ) . Consequently , the 
outer peripheral edge portion of the diaphragm ( 5 ) is not 
subject to a deformation along the bottom surface ( 14 ) of the 
depression ( 2c ) of the body ( 2 ) , and the lower surface of the 
outer peripheral edge portion of the diaphragm ( 5 ) comes in 
line contact with the outer periphery ( diaphragm support 
portion ) ( 14c ) of the flat portion ( 14a ) of the bottom surface 
( 14 ) of the depression ( 2c ) . 
[ 0039 ] Conventionally , the radius of curvature of the dia 
phragm ( 5 ) and the radius of curvature of the pressing 
surface of the diaphragm presser ( 6 ) have been determined 
in the order such that , first , the radius of curvature of the 
diaphragm ( 5 ) is optimized , and then , the radius of curvature 
of the pressing surface of the diaphragm presser ( 6 ) is set to 
be equal to or slightly less than the radius of curvature of the 
diaphragm ( 5 ) . 
[ 0040 ] In the present invention , the relationship between 
SRb / SRa , where SRa represents the radius of curvature of 
the diaphragm ( 5 ) and SRb represents the radius of curvature 
of the pressing surface of the diaphragm presser ( 6 ) , and 
stress applied onto the diaphragm ( 5 ) is analyzed using a 
finite element method , whereby the radius of curvature of 
the diaphragm ( 5 ) and the radius of curvature of the pressing 
surface of the diaphragm presser ( 6 ) are determined . 
[ 0041 ] FIG . 3 to FIG . 5 show how the diaphragm ( 5 ) 
deforms when the diaphragm ( 5 ) is pressed by the dia 
phragm presser ( 6 ) in a closed state of the diaphragm valve 
( 1 ) . FIG . 3 shows the deformation of the diaphragm ( 5 ) 
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[ 0049 ] According to the above - described analytical results 
and durability test results , it is apparent that , regardless of 
the diameter of the diaphragm ( 5 ) , when SRb / SRa = 0 . 4 to 0 . 6 
is satisfied , stress applied onto the diaphragm ( 5 ) is uniform , 
excessive stress onto the diaphragm ( 5 ) is alleviated , and 
durability of the diaphragm ( 5 ) is greatly improved . 
[ 0050 ] In the above - described diaphragm valve , although 
the piston ( 11 ) , the compression coil spring ( biasing mem 
ber ) ( 12 ) , the operational air introduction chamber ( 13 ) , the 
operational air introduction channel ( 7a ) , and the like con 
stitute the actuator ( 10 ) that vertically moves the stem ( 7 ) 
that vertically moves the diaphragm presser ( 6 ) , the con 
figuration of the actuator is not limited to that shown in FIG . 

[ 0051 ] The above - described technical idea that satisfying 
SRb / SRa = 0 . 4 to 0 . 6 allows stress applied onto the dia 
phragm ( 5 ) to be uniform may be applicable to any dia 
phragm valve ( 1 ) regardless of the shape of each component 
of the diaphragm valve ( 1 ) . In particular , applying the 
above - described technical idea to the direct touch type metal 
diaphragm valve contributes to improvement in reliability of 
a gas supply system of semiconductor manufacturing equip 
ment , and the like . 

when SRb / SRa is less than 0 . 4 . FIG . 4 shows the deforma 
tion of the diaphragm ( 5 ) when SRb / SRa is greater than 0 . 6 . 
FIG . 5 shows the deformation of the diaphragm ( 5 ) when 
SRb / SRa is 0 . 5 . Stress distribution in each drawing is simply 
shown by marking a portion where the stress value is great 
with a circle . 
[ 0042 ] According to the analytical result shown in FIG . 3 , 
stress is maximum at the center portion of the diaphragm ( 5 ) , 
which is indicated by portion A shown in FIG . 3 , and the 
value is of the order of 1400 MPa . 
[ 0043 ] According to the analytical result shown in FIG . 4 , 
stress is maximum at the edge portion of the diaphragm ( 5 ) , 
which is indicated by portion B in FIG . 4 , and the value is 
of the order of 1100 MPa . 
[ 0044 ] According to the analytical result shown in FIG . 5 , 
the stress at the center portion and the edge portion of the 
diaphragm ( 5 ) is uniform , and the maximum stress value is 
of the order of 1000 MPa . 
[ 0045 ] FIG . 6 to FIG . 8 show how the maximum stress at 
the center portion of the diaphragm ( 5 ) and the maximum 
stress at the edge portion of the diaphragm ( 5 ) vary when 
SRb / SRa varies , on the basis of the results of computation 
of the stress applied on to the diaphragm ( 5 ) using the finite 
element method . 
10046 ] FIG . 6 shows the case where the diameter of the 
diaphragm ( 5 ) is 15 mm . FIG . 7 shows the case where the 
diameter of the diaphragm ( 5 ) is 20 mm . FIG . 8 shows the 
case where the diameter of the diaphragm ( 5 ) is 26 mm . 
[ 0047 ] In all of FIG . 6 to FIG . 8 , the maximum stress at the 
center portion has a tendency to decrease as SRb / SRa 
increases , and the maximum stress at the edge portion has a 
tendency to increase as SRb / SRa increases . Additionally , the 
maximum stress at the center portion exceeds 1000 MPa 
when SRb / SRa is less than 0 . 4 , the maximum stress at the 
edge portion exceeds 1000 MPa when SRb / SRa is greater 
than 0 . 6 , and the maximum stress at the edge portion and the 
maximum stress at the center portion are of the order , at 
most , of 1000 MPa when SRb / SRa = 0 . 4 to 0 . 6 . 
0048 ) . According to actually conducted durability tests , 
when SRb / SRa is of the order of 0 . 7 to 1 in the case of 
conventionally used diaphragm valves ) , breakage was 
caused around the edge portion of the diaphragm ( 5 ) . In 
addition , in the case of the diaphragm valves in which 
SRb / SRa is of the order of 0 . 5 , no breakage was caused 
through opening and closing operations over a million times , 
whereas breakage has been conventionally caused through 
opening and closing operations over several hundreds of 
thousands of times . Furthermore , when SRb / SRa is less than 
0 . 4 , a phenomenon occurs in which the diaphragm ( 5 ) 
breaks at the center portion at an early stage . 

INDUSTRIAL APPLICABILITY 
[ 0052 ] The present invention is suitable for a direct touch 
type metal diaphragm valve , which is used , for example , in 
a gas supply system of semiconductor manufacturing equip 
ment . Because the durability of the diaphragm is improved , 
the present invention contributes to improvement in perfor 
mance of the semiconductor manufacturing equipment , and 
the like . 

1 . A diaphragm valve comprising : 
a valve body provided with a fluid channel ; 
a valve seat provided on a peripheral edge of the fluid 

channel ; 
a diaphragm having a spherical surface and configured to 
be pressed against or separated from the valve seat to 
close or open the fluid channel ; 

a diaphragm presser having a lower end that has a 
spherical surface and serves as a pressing surface and 
configured to press the diaphragm ; and 

an actuator configured to move the diaphragm vertically , 
wherein SRb / SRa = 0 . 4 to 0 . 6 is satisfied , where SRa 
represents a radius of curvature of the diaphragm and 
SRb represents a radius of curvature of the pressing 
surface of the diaphragm presser . 

* * * * * 


