
Metal Diaphragm Valve    Field Of The Invention The present invention
relates to improvements in metal diaphragm valves for use  in semiconductor
manufacturing apparatus and others. 5 Background Of The Invention A
diaphragm valve of this type is known from unexamined Japanese patent
application laid-open under No. 8-105554, for example. As shown in FIGS. 4
and 5, the metal diaphragm valve 20 comprises a body 25  having a valve
seat 24 at a bottom face of a valve chamber 23 communicating with an 10
inflow path 21. and an outflow path 22, a metal diaphragm 26 having an
upwardly bending  central region and being provided in said body 25 in such
a manner that the valve chamber  23 is sealed in an airtight fashion,
driving means 27 that are operable to press the metal  diaphragm 26 against
valve seat 24 and to allow the metal diaphragm 26 to return  elastically to
its original shape and move away from valve seat 24 and a ring-shaped 15
groove 28 that is formed under the valve chamber 23 in communication with
said outflow  path 22. Owing to said ring-shaped groove 28 the metal
diaphragm valve 20 shown FIGS. 4  and 5 can allow a large quantity of fluid
to flow without needing to increase the diameter  of the valve seat 24 or
to raise the metal diaphragm from the seat 24 so greatly. In other 20
words, as compared to valves without a ring-shaped groove 28, the metal
diaphragm valve  20 has an increased Cv value. It is noted that Cv
indicates the ease with which fluid is  allowed to flow through the valve.
However, while the prior art metal diaphragm valve 20 has the ring-shaped
groove  28 communicating with the outflow path 22, the diameter D, of the
outflow path 22, 25 particularly the diameter of the vertical portion of
the outflow path 22 near the bottom of  the ring-shaped groove 28, is
smaller than the width of the ring-shaped groove 28, such  that the flow of
fluid is squeezed, increasing the flow resistance. Hence, the flow channel
as a whole, running from the valve chamber 23 to the outflow path 22 does
not allow fluid  to flow at a great flow rate. That is, the Cv value cannot
be increased further. 



30 The prior art metal diaphragm valve 20 has another problem. To increase
the  cross-sectional area of the flow path, two vertical holes 22a, 22b are
first bored side by  side and then the inside walls are smoothed. But this
method of processing outflow path  22 is labour intensive.  2  Furthermore,
because the horizontal width W1 at the bottom of the ring-shaped groove 28
is larger than the horizontal diameter D1 at the top of the outflow path
22, a  squeezing phenomenon occurs and the flow path resistance tends to
increase.  Summary Of The Invention 5 The present invention has been made
in view of the above problems, and it is an  object of the present
invention to provide a metal diaphragm valve that allows a large  quantity
of fluid to flow from the valve chamber to the outflow path without
difficulty. The metal diaphragm valve of the present invention comprises a
body provided  with a valve seat at a bottom face of a valve chamber
communicating with an inflow path  10 and an outflow path, a metal
diaphragm having an upwardly-bending central region which is provided in
the body in such a way that the valve chamber 23 is kept airtight,  driving
means for allowing the metal diaphragm to rest on the valve seat and for
allowing  the metal diaphragm to return elastically to its original shape
and move away from the  valve seat and a ring-shaped groove formed under
the valve chamber and communicating 15 with the outflow path, wherein the
diameter of the outflow path is made larger than the  width of the
ring-shaped groove, and the effective cross-sectional area of the regions
in  which the ring-shaped groove and the outflow path intersect each other
is made larger  than the transverse cross-sectional area of the outflow
path. Since the diameter of the outflow path is made larger than the width
of the ring- 20 shaped groove and the effective cross-sectional area of the
regions of intersection  between the ring-shaped groove and the outflow
path is made larger than the transverse  cross-sectional area of the
outflow path, the fluid is not squeezed when it flows from the  ring-shaped
groove to the outflow path, with the resistance of the flow path decreased.
This makes it easy for the fluid to flow all the way from the valve chamber
to the outflow 25 path and allows a large quantity of fluid to flow. In
other words the Cv value that  



indicates the ease of flowing of the fluid is increased. It is desirable
that the outflow path runs linearly, such that the outflow path and  the
ring-shaped groove in the depth-direction form a straight line. This allows
fluid from  the valve chamber to flow linearly from the ring-shaped groove
to the outflow path, such  30 that the flow of fluid in the flow path is
very smooth. The outflow path may be slanted at an acute angle in relation
to the depth direction  of the groove. 40  T 3  That way, the effective
cross-sectional area of the regions in which the ring-shaped  groove and
the outflow path intersect one another is increased such that the
resistance to  flow from the ring-shaped groove to the outflow path is
decreased. The aforesaid acute angle is preferably not greater than 45
degrees. This way, the  5 effective cross-sectional area of the regions
where the ring-shaped groove 5 and outflow  path 7 intersect one another is
increased in relation to the transverse cross-sectional area of  outflow
path 7 without increasing flow path resistance. The diameter of the outflow
path is preferably 1.5 to 2.5 times as large as the width  of the
ring-shaped groove, such that a substantial decrease in flow path
resistance can be 10 expected and it is easy to form an outflow path.
Furthermore, it is desirable that the top portion of the outflow path
communicating  with the ring-shaped groove is hemispherical in shape, such
that flow of fluid from the  ring-shaped groove to the outflow path can be
made smooth. It is also desirable that the ring-shaped groove and the
outflow path are connected  15 such that the bottom of the ring-shaped
groove is located near to the centre of the  hemispherical top portion of
the outflow path. Brief Description Of The Drawings FIG. 1 is a vertical,
sectional view of a metal diaphragm valve according to the  present
invention. 20 FIG 2. is an enlarged vertical, sectional view of the body.
FIG 3. is a perspective view of FIG. .2. 



FIG. 4 is a vertical, sectional view of a prior art metal diaphragm valve.
FIG. 5 is a top view of the prior art metal diaphragm valve.  Explanation
Of Reference Numerals 25 1 is a metal diaphragm valve; 2, a body; 3, a
metal diaphragm; 4, driving means; 5,  a ring-shaped groove; 6, an inflow
path; 7, an outflow path; 8, a valve chamber; 9, a valve  seat; 10, a step
section; 11, a bonnet; 12, a bonnet nut; 13, a stem; 14, a diaphragm press;
15, a spring; 16, an air cylinder; D, diameter; W, groove width; 8, acute
angle. Description Of The Preferred Embodiments 30 Now, the embodiments
will be explained with reference to the drawings. FIG. 1 is a vertical,
sectional view of a metal diaphragm valve according to the  present
invention. FIG. 2 is an enlarged vertical, sectional view of the body. FIG.
3 is a  perspective view of FIG. 2. 4  Referring to FIGS. 1 to 3, the
essential part of a metal diaphragm valve 1 comprises a body 2, a metal
diaphragm 3, driving means 4 and a ring-shaped groove 5.  The body 2 is
provided with a valve seat 9 at a bottom face of a valve chamber 8
communicating with an inflow path 6 and an outflow path 7 and is made of
such metal 5 material as stainless steel. The body 2 defines said valve
chamber 8 which is concave with  an open top, said inflow path 6 which is
open upwardly and communicates with said valve  chamber 8, said outflow
path .7 which is open upwardly and communicates with said valve  chamber 8,
a valve seat 9 made of a synthetic resin and fitted into the centre of the
bottom  face of the valve chamber 8 and a step section 10 formed on an
outer circumferential 10 surface of the valve chamber 8. Said inflow path 6
and outflow path 7 are circular in  section. The metal diaphragm 3 which is
provided in the body 2 in such a way that valve  chamber 8 is kept airtight
with an upwardly bending central region, is made of an elastic,  deformable
metal such as stainless steel and has the shape of a dish with its central
region 15 bending upwardly. The perimeter of the diaphragm is placed on the
step section 10 of the  body 2 and is pressed airtightly against said step
portion 10 by a lower end portion of a  bonnet 11 inserted into the valve
chamber 8 and a tapped bonnet nut 12 tightened on the  body 2. 



The valve is opened or closed as the central region of the metal diaphragm
3 rests  20 on or moves away from the valve seat 8. The bonnet 11 is formed
in a cylindrical shape, inserted in the valve chamber 8 of  the body 2 and
pressed and held in the body 2 by tightening-up the bonnet nut 12. The
driving means 4 press the metal diaphragm 3 to rest on the valve seat 9 and
allow the diaphragm to return by itself to its original shape to move away
from valve seat 9.  25 The driving means 4 operate pneumatically and
comprise a stem 13 provided in said bonnet 11 and movable up and down,.a
diaphragm press 14 provided thereunder to press the central  region of the
metal diaphragm 3, a spring 15 provided between the bonnet 11 and the stem
13 to urge said stem 13 downwards and an air cylinder 16 provided above the
bonnet 11 for  moving the stem 13 upwards. 30 The ring-shaped groove 5 is
formed below the valve chamber 8 and communicates  with the outflow path 7
and is cut out deep under the valve chamber 8 in the shape of a ring  to
communicate therewith. The diameter D of the outflow path 7 is made larger
than the width W of the ring- shaped groove 5. b ' r 5  The outflow path 7
is so formed that a top face 7a of a hemispherical top is  positioned above
a bottom face 5a of the ring-shaped groove 5 as shown in FIG. 2. As a
result of this, the effective cross-sectional area of the regions of the
intersection between  ring-shaped groove 5 and the outflow path 7 is made
larger than the transverse cross 5 sectional area of the outflow path 7. In
other words, as shown in FIG. 2, the ring-shaped groove 5 is connected to
the  outflow path 7 such that the bottom face 5a of the ring-shaped groove
5 is positioned near to  the centre of the hemispherical top portion of the
outflow path 7. The effective cross-sectional area of the regions where
ring-shaped groove 5 and 10 outflow path 7 intersect each other equals the
total of the area of region a2, the area of region  al and the area of the
bottom face region 5a in FIG. 2. In the embodiment shown in FIGS. 1 to 3,
the outflow path 7 is oriented at an acute  angle 0 in relation to the
ring-shaped groove 5. Said acute angle 0 is preferably not greater  



than 45 degrees. In this example, the angle is 18 degrees. If the acute
angle 0 is larger than 15 45 degrees, then the angle between ring-shaped
groove 5 and the outflow path 7 is large,  thus increasing the flow path
resistance. The diameter D of the outflow path 7 is preferably 1.5 to 2.5
times as large as width  W of the ring-shaped groove 5. In this embodiment,
the diameter D is about twice as large  as groove width W. If the diameter
D of the outflow path 7 is less than 1.5 times as large as 20 the width W
of the ring-shaped groove 5, then the flow path resistance is not expected
to  decrease greatly. If diameter D of the outflow path 7 is more than 2.5
times as large as the  width W, then it is difficult to form the outflow
path 7 in manufacture because its relation to  the inflow path 6 needs to
be considered. A joint section 7b of the outflow path 7, linking with the
ring-shaped groove 5, is 25 formed in the shape of a hemisphere so as to
make it smooth for fluid to flow from the ring- shaped groove 5 to the
outflow path 7. Next, the operation of the construction will be explained.
If the force of the air cylinder 16 of said driving means 4 is released,
then said spring  15 causes said stem 13 to move downwardly, and said
diaphragm press 14 elastically 30 deforms the central region of said metal
diaphragm 3 downwardly and presses said  diaphragm against the valve seat
9, whereby the valve is closed. On the other hand, if the air cylinder 16
of the driving means 4 is operated, then the  stem 13 and diaphragm press
14 are raised against the spring 15, and the metal diaphragm 9 6  3 returns
by itself to its original position and moves away from valve seat 9,
whereby the  valve is opened. As the diameter D of the outflow path 7 is
larger than the width W of the ring- shaped groove 5 and, in addition, the
effective cross-sectional area (the surface area of the  5 form shown in
hatching in FIG. 3) of the regions where the ring-shaped groove 5 and
outflow path 7 intersect one another is made larger than the transverse
cross-sectional area  (circular) of outflow path 7, the fluid flowing from
the ring-shaped groove 5 to the outflow  path 7 is. not squeezed in the
joint section between the ring-shaped groove 5 and the  outflow path 7, and
the flow path resistance is decreased. The fluid therefore flows easily . 



10 through the whole flow path from the valve chamber 8 to the outflow path
7 via the ring- shaped groove 5, and a large quantity of fluid is allowed
to flow, and Cv value is increased.  Example A metal diaphragm valve 3 was
produced to conduct an experiment. The  specification of the valve was: 15
mm in diameter of the metal diaphragm 3; 2 mm in the  15 width W of the
ring-shaped groove 5; 3.8 mm in the diameter D of the outflow path 7; and
18 degrees in the acute angle of the outflow path 7. The experiment showed
that when the  flow rate of fluid (a gas) was 50 litres/minute, the
pressure loss was 0.239 kg/cm2. When  the pressure on the inflow side was
0.1 kg/cm2, the flow rate was 30.9 litres/min., and the  Cv value was
0.252. The metal diaphragm valve 1 showed a much smaller pressure loss  20
and a. much higher Cv value than the prior art. In the above example, the
outflow path 7 was oriented at an acute angle 0 in  relation to the
ring-shaped groove 5. This is not limiting, and the outflow path 7 may be
positioned linearly in relation to the ring-shaped groove 5. That is, the
outflow path 7 may  run linearly in the same direction as the-depth
direction of the groove 5. 25 In the above example, the driving means 4 are
of the pneumatic type. This is not  limiting, and the driving means 4 may
be of the manual type, electromagnetic type,  hydraulic type or the like.
Effect of the invention As set forth above, the following excellent effects
can be achieved according to the  30 present invention. (1) The metal
diaphragm valve comprises a body, a metal diaphragm, driving means  and a
ring-shaped groove, and, because the diameter of the outflow path is made
larger  than the width of the ring-shaped groove and the effective
cross-sectional area of the  regions where the ring-shaped groove and the
outflow path intersect one another is made 7  larger than the transverse
cross-sectional area of the outflow path, fluid is allowed to flow  at a
great flow rate through the entire flow path from the valve chamber to the
outflow path.  (2) Since the present invention has the following
principal.features: (a) the diameter of  the outflow path is made larger
than the width of the ring-shaped groove, and (b) the 5 effective
cross-sectional area of the regions where the ring-shaped groove and the
outflow  



path intersect one another is made larger than the transverse
cross-sectional area of the  outflow path, the present invention is
applicable to existing facilities without difficulty,  thereby reducing
costs. 8  What is claimed is: 1. A metal diaphragm valve comprising a body
with a valve seat provided on a  bottom face of a valve chamber
communicating with an inflow path and an outflow path, a  metal diaphragm
with a n upwardly bending central region which is provided in the body in
such a way that the valve chamber is kept airtight, driving means for
pressing the metal.  diaphragm against the valve seat and allowing
thediaphragm to return, by itself, to its  original position to move away
from the valve seat and a ring-shaped groove formed below  the valve
chamber and communicating with the outflow path, wherein the diameter of a
circular outflow path is larger than the width of said ring-shaped groove,
and the effective  cross-sectional area of the regions where the
ring-shaped groove and the outflow.' path  intersect one another is larger
than the transverse cross-sectional area of the outflow  path. 2. The metal
diaphragm valve of claim 1, wherein the outflow path runs linearly in the
depth direction of the ring-shaped groove. 3. The metal diaphragm valve of
claim 1, wherein the outflow path is oriented at an  acute angle in
relation to the depth direction of the ring-shaped groove. 4. The metal
diaphragm valve of claim 2 or 3, wherein a top portion of the outflow  path
opening into the ring-shaped groove is hemispherical in shape. 5. The metal
diaphragm valve of claim 4, wherein a bottom face of the ring-shaped
groove is positioned near the centre of the hemispherical top portion of
the outflow path. 


