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DESCRIPTION

CONTROLLER

Technical Field

[0001] The present invention relates to a controller
capable of controlling a flow rate of a fluid, and more
particularly to a controller suitable for using a high-
pressure fluid.

Background Art

[0002] In the field of semiconductor manufacturing, in
order to prevent generation of particles, a diaphragm
valve that opens and closes a flow passage by deforming a
metal diaphragm is suitably used as a controller.

[0003] A diaphragm valve suitable for using a high-
pressure fluid is disclosed by Patent Literature 1, which
includes: a valve body in which a fluid passage is
provided; a diaphragm configured to close and open the
fluid passage by coming into contact with and separating
from an annular valve seat provided to the valve body,
respectively; a valve stem configured to change a position
thereof, thereby deforming the diaphragm in closing and
opening directions; a drive device configured to move the
position of the wvalve stem; and a power transmission
device disposed between a working shaft of the drive
device and the valve stem, and configured to amplify a
force acting on the working shaft and to transmit a

resultant force thus amplified to the valve stem.
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[0004] A controller disclosed by Patent Literature 1
is an on-off valve that provides either of open and closed
states, and cannot control the flow rate of the fluid.
As a diaphragm valve that controls the flow rate of the
fluid, Patent Literature 2 discloses a controller that
uses piezoelectric elements for an actuator, which enables
control of the flow rate of the fluid. However, the
actuator using the piezoelectric elements cannot obtain a
thrust force required for closing and stopping the valve,
and therefore is unsuitable for a valve in which a high-
pressure fluid is used.
Citation List
Patent Literature
[0005] Patent Literature 1: Japanese Patent No. 3338972
Patent Literature 2: Japanese Unexamined Patent
Application Publication JP-A-H7-310842
Summary of Invention
Technical Problem
[0006] The controllers disclosed by Patent Literatures
1 and 2 are both unsuitable for use in controlling the
flow rate of a high-pressure fluid, and there have
hitherto been no controllers available which are capable
of controlling the flow rate of the high-pressure fluid.
In addition, conventional controllers configured to
control the flow rate of the fluid are large-sized, and
therefore there has been a demand for size reduction
thereof.
[0007] An object of the present invention is to provide

a small-sized controller capable of controlling the flow
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rate of a high-pressure fluid with higher precision.
Solution to Problem

[0008] The controller in accordance with the present
invention is a controller including: a valve body in which
a fluid passage is provided; a diaphragm configured to
close and open the fluid passage by coming into contact
with and separating from an annular valve seat provided
to the valve body, respectively; a valve stem configured
to change a position thereof, thereby deforming the
diaphragm in closing and opening directions; and a drive
device configured to move the position of the valve stem;
wherein, between a working shaft of the drive device and
the valve stem, a power transmission device configured to
amplify a force acting on the working shaft and to
transmit a resultant force thus amplified to the wvalve
stem is provided, the diaphragm is made of metal and is
deformable to either state among: a fully closed state in
which the fluid passage is fully closed; a fully open
state in which the fluid passage is fully open; and a
partially open state 1in which the fluid passage 1is
partially open, and, in the partially open state in which
the fluid passage is partially open, on a basis of a flow
rate of a fluid that flows through the fluid passage, the
drive device makes an adjustment to a position of the
working shaft such that the flow rate 1is constant.

[0009] The drive device 1is, for example, a pneumatic
cylinder device, which is preferably controlled by an
electropneumatic regulator that controls air pressure

steplessly in proportion to an electric signal.



10

15

20

25

[0010] For example, the power transmission device
includes: a casing; a first roller-receiving member that
is cone-shaped and is integrally formed with the working
shaft; a second roller-receiving member that is integrally
formed with the valve stem; a pair of roller supports
disposed between both of the first and second roller-
receiving members; a pair of rolling rollers that are in
contact with a tapered surface formed on the first roller-
receiving member; and a pair of pressing rollers that are
in contact with a roller receiving surface of the second
roller-receiving member, in which each of the roller
supports is configured to be supported on the casing so
as to swing about a shaft that is deviated from an axis
of the pressing roller toward an axis of the first roller-
receiving member (an example of the power transmission
device of an amplification type). By employing the
amplification type, thrust force can be reduced whereby
size reduction of the controller can be achieved.

[0011] This controller may be wused for various
purposes, and in particular, may be suitably used when a
high-pressure fluid is used as the fluid and controlling
a minute stroke is required.

[0012] Conventional controllers using power
transmission devices of an amplification type have been
used for performing opening/closing operations, and have
not been capable of adjusting the opening degree of the
diaphragms on the basis of the flow rate of fluids used.
In the case where the flow rate of the high-pressure fluid

is to be controlled, there arises a need to control the
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amount of valve stem movement minutely. Conventional
controllers that use piezoelectric elements have not been
capable of performing such a control. However, by using
the power transmission device of an amplification type,
it becomes possible not only to cause the valve stem to
move against high pressure but also to control the amount
of valve stem movement minutely because, even in the case
of a small stroke, the resolution can be increased. In
addition, by combining this power transmission device and
the drive device that adjusts the position of the working
shaft on the basis of the flow rate of the fluid flowing
through the fluid passage, it becomes possible to control
the flow rate of the high-pressure fluid with higher
precision. This enables a high precision controller (flow
rate adjustment valve for a high-pressure fluid) to be
obtained, which has not been conventionally realized.

[0013] It is preferable that the drive device 1is a
pneumatic cylinder device and comprises: a cylinder having
a recess that is open at one end side of the cylinder; a
bonnet configured to close an opening of the cylinder; a
piston disposed in the recess of the cylinder; a rod fixed
to a distal end side of the piston and configured to press
the working shaft; and a diaphragm having a center portion
fixed to the piston, a peripheral edge portion fixed
between the cylinder and the bonnet, and a turn portion
between the center portion and the peripheral edge portion
both of which are fixed, in which compressed air supplied
between the bonnet and the diaphragm is caused to press

the piston via the diaphragm, thereby moving the rod.
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[0014] By combining the power transmission device that
is of an amplification type and the drive device that uses
a diaphragm having a turn portion, it becomes possible to
optimize the opening degree of the diaphragm configured
to close and open the fluid passage to be in a range that
is not greater than 0.6 mm.

[0015] It is preferable that the fluid passage has: a
central passage that has an opening surrounded by the
valve seat and that is opposed to a center portion of the
diaphragm; and an outside passage that has an opening on
a radially outside of the valve seat and that is opposed
to a vicinity of an outer peripheral edge portion of the
diaphragm, in which the outside passage constitutes an
inlet passage of the fluid and the central passage
constitutes an outlet passage of the fluid.

[0016] That 1s, conventionally, the central passage
has been used as an inlet passage and the outside passage
has been used as an outlet passage, whereas, for the
present invention, the outside passage is used as an inlet
passage and the central passage 1s used as an outlet
passage whereby, even when a high-pressure fluid is used,
the fluid passage is prevented from abruptly changing its
state to be open.

[0017] It is preferable that the central passage has a
diameter that 1s not greater than a diameter of the
outside passage.

(0018] Conventionally, the central passage and the
outside passage each have had a large diameter so as to

increase the flow rate, and the diameter of the central
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passage has been substantially the same as the diameter
of the outside passage. By contrast, decreasing the
diameter of the central passage, which 1is an outlet
passage, allows a Cv value to be 0.035, for example.
Thus, it is possible to obtain a controller having a
diaphragm stroke of 0.002 to 0.2 mm and a Cv value of
0.0005 to 0.035, which has not been conventionally
realized.
Advantageous Effects of Invention
[0019] With the controller in accordance with the
present invention, using the power transmission device of
an amplification type not only enables the valve stem to
move against high pressure but also enables the
controlling of the amount of valve stem movement minutely.
By combining this power transmission device and the drive
device configured to adjust the position of the working
shaft on the basis of the flow rate of the fluid flowing
through the fluid passage, 1t is possible to control the
flow rate of the high-pressure fluid with higher
precision. In addition, the present invention enables
size reduction of the controller.
Brief Description of Drawings
[0020] FIG. 1 is a longitudinal sectional view of a
controller 1in accordance with one embodiment of the
present invention, showing a state in which a fluid
passage 1is open.

FIG. 2 shows a state in which the fluid passage 1is
closed by a valve stem being moved from the state shown

in FIG. 1.



10

15

20

25

FIG. 3 shows principal components of FIG. 1 in an
enlarged manner.
FIG. 4 shows the principal components of FIG. 2 in
an enlarged manner.
FIG. 5 1s a longitudinal sectional view showing a
drive device in detail.
Reference Signs List
[0021] 1: controller
2: valve main portion
3: drive device
4: power transmission device
11: valve body
12: first fluid passage
12b: central passage
13: second fluid passage
13b: outside passage
14: diaphragm
15: valve stem
21: cylinder
2la: recess
22: bonnet
23: piston
25: diaphragm
25a: turn portion
26: rod
Description of Embodiments
[0022] In the following description, the upper and
lower sides and the left and right sides of the

accompanied drawings are referred to as upper and lower
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sides (the vertical direction) and left and right sides,
respectively. The terms, upper and lower sides and left
and right sides, are used herein for convenience’s sake.
In installing a controller, the controller may be placed
upside down, or the controller may be placed with the

upper and lower sides directed horizontally, in some

cases.
[0023] FIG. 1 and FIG. 2 show the controller in
accordance with the present invention. A controller 1

includes: a valve main portion 2; a drive device 3; and a
power transmission device 4 disposed between the valve
main portion 2 and the drive device 3.

[0024] The valve main portion 2 has: a valve body 11
in which first and second fluid passages 12, 13 are
formed; a diaphragm 14 configured to open and close
communication between the fluid passages 12, 13; a valve
stem 15 configured to cause the diaphragm 14 to deform in
an opening direction or a closing direction; and a bonnet
16 attached to the valve body 11 with a nut 17.

[0025] The valve body 11 is made of SUS316L stainless
steel and has a recess l1lla that is open upward. The first
fluid passage 12 consists of: a large-diameter passage
12a that is open leftward; and a central passage 12b that
is contigqguous with a right end portion of the large-
diameter passage 1l2a, has a diameter smaller than that of
the large-diameter passage 12a, and 1is open toward a
center portion of a bottom surface of the recess lla. The
second fluid passage 13 consists of: a large-diameter

passage 13a that is open rightward; and an outside passage
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13b that is contiguous with a left end portion of the
large-diameter passage 13a, has a diameter smaller than
that of the large-diameter passage 13a, and is open toward
a right portion of the bottom surface of the recess 1lla.
[0026] A fluid flows in from the large-diameter passage
13a of the second fluid passage 13 and flows out from the
large-diameter passage 12a of the first fluid passage 12.
[0027] The valve body 11 is provided with an annular
valve seat 18 so as to surround an opening of the central
passage 12b of the first fluid passage 12. Because the
valve seat 18 protrudes upward, the valve seat 18 in the
valve body 11 has, on an outer periphery thereof, an
annular passage 11b that 1s in communication with the
outside passage 13b of the second fluid passage 13.

[0028] The diaphragm 14 is made of metal and has the
shape of a spherical shell, with a circular arc portion
thereof bulging upward in a natural state. The diaphragm
14 has a peripheral edge portion that is supported on a
protruding outer peripheral edge portion of the bottom
surface of the recess 1lla of the valve body 11, which is
pressed against a press adaptor 19 from above, whereby
the diaphragm 14 is fixed to the wvalve body 11. The
diaphragm 14 has a center portion that is pressed downward
by a disc 20 fixed at a lower end portion of the valve
stem 15. By adjusting the position of the disc 20
vertically, the diaphragm 14 is maintained at an open
position with a predetermined opening degree. In the
present embodiment, the controller 1 is of a normally-

open type, and when the drive device 3 1is caused to

10
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operate, the controller 1 is designed so that a closed
state 1is obtained in which the center portion of the

diaphragm 14 is pressed forcefully against the valve seat

18.
[0029] For example, the diaphragm 14 is made of a sheet
alloy of nickel. The sheet alloy is cut out into a

circular shape, so as to form the diaphragm 14 having the
shape of a spherical shell, with the center portion
thereof bulging upward. The diaphragm 14 may be made of
a thin sheet of stainless steel or may be composed of a
layered body including: a thin sheet of stainless steel;
and a sheet alloy of nickel and cobalt, in some cases.
[0030] The valve body 11 may be heated with a heater
in order to prevent freezing and the like, and the length
of the valve stem 15 is set so as not to exert an influence
of the heating on the drive device 3.

[0031] The drive device 3 1is a pneumatic cylinder
device, and as shown in FIG. 5, includes: a cylinder 21
having a recess 2la that 1s open upward; a bonnet 22
having a recess 22a that is open downward so as to be
opposed to the recess 2la of the cylinder 21, and butting
against the cylinder 21 to be fixed by means of a bolt
(not shown); a piston 23 disposed inside both of the
recess 2la of the cylinder 21 and the recess 22a of the
bonnet 22 in a vertically movable manner; and a diaphragm
25 having an edge portion (inner peripheral edge portion)
of a central through hole thereof, which portion is fixed
on an upper surface of the piston 23 by a retainer 24,

and having an outer peripheral edge portion that is fixed

11
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between the bonnet 22 and the piston 23.

[0032] The piston 23 is formed of strip steel, and
consists of: a top wall 23a having a through hole at a
center portion thereof; and a peripheral wall 23b having
a hollow cylindrical shape. On a lower surface (distal
end side) of the top wall 23a of the piston 23, a rod 26
that moves integrally with the piston 23 is fixed. The
rod 26 has a hollow cylindrical shape, consisting of a
bottom wall 26a and a peripheral wall 26b. The rod 26 is
inserted into a through hole 21c provided at a bottom wall
21lb of the cylinder 21, and the bottom wall 26a has a
lower portion that protrudes downward from a lower surface
of the cylinder 21.

[0033] Between the bottom wall 21b of the cylinder 21
and the piston 23, a compression coil spring 27 1is
disposed to urge the piston 23 upward.

[0034] A guide 28 having a solid cylindrical shape and
configured to guide the rod 26 1is inserted into the
through hole at the center of the top wall 23a of the
piston 23 and the central through hole of the diaphragm
25 and is disposed so as to be located in the peripheral
wall 26b of the rod 26, and the guide 28 is fixed to the
bonnet 22 by means of a screw 29. Between an outer
peripheral surface of the guide 28 and an inner peripheral

surface of the peripheral wall 26b of the rod 26, a gap

is formed. Inside the gap, a plain bearing 30 is
disposed.
[0035] Between both of the fixed portions (between the

inner peripheral edge portion and the outer peripheral

12
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edge portion) of the diaphragm 25, a turn portion 25a is
provided. The turn portion 25a moves between an inner
periphery of the cylinder 21 and an outer periphery of
the piston 23, along with movement of the piston 23,
whereby smooth movement of the piston 23 is enabled while
the sealing performance is secured.

[0036] The bonnet 22 is provided with a compressed-air
introduction passage 31. Compressed air that serves as a
drive source is supplied to a space between the bonnet 22
and the diaphragm 25 via the compressed-air introduction
passage 31. The compressed air presses the piston 23 via
the diaphragm 25 whereby the piston 23 is moved integrally
with the rod 26 that is fixed to the distal end side of
the piston 23.

[0037] The power transmission device 4 has an
amplifying mechanism 42 accommodated in a casing 41. The
amplifying mechanism 42 includes: a working shaft 43
caused to move vertically by the drive device 3; a first
roller-receiving member 44 that 1s cone-shaped and is
integrally formed with the working shaft 43 at a lower
end portion thereof; a second roller-receiving member 45
that is supported on an upper surface of the valve stem
15 and 1s configured to move vertically and integrally
with the wvalve stem 15; a pair of roller supports 46
disposed between the first and second roller-receiving
members 44, 45; a pair of rolling rollers 47 that are
rollably supported on the roller supports 46 and are in
contact with a tapered surface 44a formed on the first

roller-receiving member 44; and a pair of pressing rollers
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48 that are rollably supported on the roller supports 46
and are 1in contact with a horizontal roller receiving
surface 45a of the second roller-receiving member 45.
[0038] FEach of the roller supports 46 is configured to
swing about an eccentric shaft 49 supported on the casing
41 such that the eccentric shaft 49 has an axis that is
deviated from an axis of the pressing roller 48 toward an
axis of the first roller-receiving member 44,

[0039] In this power transmission device 4, when a
force acting on the working shaft 43 is F, and the half
angle of the tapered surface 44a of the first roller-
receiving member 44 is o, a force is exerted on the rolling
roller 47 in the right angle direction with respect to
the tapered surface 44, and a force G exerted on either
one of the front or rear rolling rollers 47 is expressed
as G=F+2Sina.

[0040] The force G exerted on the rolling roller 47 is
transmitted to the second roller-receiving member 45 via
the roller support 46 and the pressing roller 48.

[0041] When a distance between an axis of the eccentric
shaft 49 and an axis of the rolling roller 47 is C, an
angle formed by: a line that connects the axis of the
rolling roller 47 and the axis of the eccentric shaft 49;
and the tapered surface 44a of the first roller-receiving
member 44 is y, a horizontal distance between the axis of
the pressing roller 48 and the axis of the eccentric shaft
49 is &, and a downward force with which either one of
the right and left pressing rollers 48 presses the

corresponding second roller-receiving member 45 is N,
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Nx3=GxCosyxC is satisfied. Therefore, a downward force
with which both of the right and left pressing rollers 48
presses the second roller-receiving member 45, that is, a
downward force pressing the valve stem 15 is
2N=FxCosyxC+Sina+d. By providing o, vy, &, and C with
appropriate values, a force acting on the working shaft
43 with an arbitrary amplifying factor (CosyxC+Sina+d)
can be amplified and transmitted to the valve stem 15.
[0042] For example, when «o=40°, vy=25°, C=12.5, and
d=1.5, the amplifying factor is about 12 times, which
means the diaphragm 14 can be pressed with a large force
of the order of about 12 times. For instance, when the
pressure is of the order of 20 MPa, a force of 300 kgf is
required, but the flow rate can be controlled with one-
twelfth of the force. Therefore, even when a high-
pressure fluid is wused, the controller 1 prevents the
situation that the diaphragm 14 is lifted by the fluid
and that the fluid with an amount exceeding a
predetermined value flows in and flows out.

[0043] In the above description, out of FIG. 1 and FIG.
2, FIG. 1 shows an open state where the amount of downward
protrusion of the rod 26 from the lower surface of the
cylinder 21 is relatively small, and along with this,
because the working shaft 43 is located at an upper
position, the upper end portions of the roller supports
46 come closer to each other, and the second roller-
receiving member 45 is located at an upper position. FIG.
2 shows a closed state where the amount of downward

protrusion of the rod 26 from the lower surface of the
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cylinder 21 is relatively large, and along with this,
because the working shaft 43 1is located at a lower
position, the upper end portions of the roller supports
46 are farther away from each other, and the second
roller-receiving member 45 is located at a lower position.
A comparison between FIG. 1 and FIG. 2 as described above
reveals that the amounts of the strokes (movements) of
the valve stem 15 and the disc 20 may be made minute as
compared to the large stroke of the working shaft 43.
[0044] FIG. 3 and FIG. 4 show principal components of
FIG. 1 and FIG. 2 in an enlarged manner, with FIG. 3
showing an open state which is corresponding to FIG. 1
whereas FIG. 4 showing a <closed state which 1is
corresponding to FIG. 2. In FIG. 1 and FIG. 2, although
the vertical movement of the rod 26 of the drive device 3
and the change in the state of the power transmission
device 4 are clearly shown, it 1is difficult to tell the
difference between the open and closed states. However,
in FIG. 3 and FIG. 4 which are enlarged indications, it
is possible to see the change between: a state shown in
FIG. 3 where the valve stem 15 and the disc 20 are
relatively at an upper position and the diaphragm 14
deforms so as to open the opening of the central passage
12b of the first fluid passage 12; and a state shown in
FIG. 4 where the wvalve stem 15 and the disc 20 are
relatively at a lower position and the diaphragm 14
deforms so as to close the opening of the central passage
12b of the first fluid passage 12.

[0045] In the open state, a fluid flows through the

16
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large-diameter passage 13a of the second fluid passage
13, the outside passage 13b of the second fluid passage
13, and the annular passage 1llb on the outer periphery of
the wvalve seat 18, flows 1into a space between the
diaphragm 14 and the bottom surface of the recess lla of
the wvalve body 11, and then flows through the central
passage 12b of the first fluid passage 12 and the large-
diameter passage 12a of the first fluid passage 12 to flow
out to the outside. The flow rate of the fluid is fed
back via an electropneumatic regulator (not shown) to be
controlled as follows: when the flow rate increases, the
valve stem 15 and the disc 20 move downward that is a
direction to decrease the flow rate; and when the flow
rate decreases, the valve stem 15 and the disc 20 move
upward that 1s a direction to increase the flow rate.
This allows an appropriate flow rate to be maintained.

[0046] Here, it should be noted +that in the
conventional controller, the first fluid passage 12 is
used as an inlet passage and the second fluid passage 13
is used as an outlet passage, whereas in the controller 1
described above, the second fluid passage 13 is used as
an inlet passage and the first fluid passage 12 1s used
as an outlet passage. Due to these configurations, the
conventional controller becomes unable to adjust the flow
rate to a predetermined value, Dbecause when a high
pressure 1is applied to the center portion (small area
portion) of the diaphragm 14, to which the opening of the
central passage 12b of the first fluid passage 12 1is

opposed, to cause an open state, a high-pressure fluid
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flows rapidly into an outer periphery portion (large area
portion) of the diaphragm 14, to which an opening of the
outside passage 13b of the second fluid passage 13 1is
opposed via the annular passage 1llb, to cause the fluid
passage to be open abruptly; whereas with the controller
1 described above, because the outer periphery portion
(large area portion) of the diaphragm 14 normally receives
pressure to adjust the flow rate, even when a high-
pressure fluid is used, the controller 1 prevents the
situation in which the fluid passage is caused to be open
abruptly and the fluid rapidly flows in whereby the
controller 1 fails to adjust the flow rate at a
predetermined value, from arising.

[0047] When the pressure of the fluid is high, a small
amount of vertical movement of the valve stem 15 and the
disc 20 changes the flow rate greatly. However, with the
controller 1 described above, the amplifying mechanism 42
provided in the power transmission device 4 causes the
valve stem 15 to move against high pressure with a large
force set according to an amplifying factor thereby
pressing the diaphragm 14 downward, and causes the amount
of vertical movement of the valve stem 15 and the disc 20
to decrease to 1/amplifying factor of the wvertical
movement amount of the rod 26 of the drive device 3,
whereby control with higher precision becomes possible.
[0048] Thus, by using the power transmission device 4
of an amplification type and the drive device 3 which is
a pneumatic cylinder device, it becomes possible to

control the flow rate of the high-pressure fluid with

18
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higher precision, and to reduce the size of the

controller.,

Industrial Applicability

{0049] In accordance with the present invention, it is
possible to obtain a controller which is suitable for
using a high-pressure fluid and which is configured to
control the flow rate of such a fluid, and the present
invention thus contributes to precision improvement in

the field of manufacturing using the high-pressure fluid.
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CLAIMS

il A controller comprising: a valve body in which a
fluid passage is provided; a diaphragm configured to close
and open the fluid passage by coming into contact with
and separating from an annular valve seat provided to the
valve body, respectively; a valve stem configured to
change a position thereof, thereby deforming the diaphragm
in closing and opening directions; and a drive device
configured to move the position of the valve stem;
wherein,
between a working shaft of the drive device and the
valve stem, a power transmission device configured to
amplify a force acting on the working shaft and to
transmit a resultant force thus amplified to the valve
stem is provided,
the diaphragm is made of metal and is deformable to
either state among:
a fully cleosed state in which the fluid passage
is fully closed;
a fully open state in which the fluid passage is
fully open; and
a partially open state in which the fluid passage
is partially open, and,
in the partially open state in which the fluid
passage is partially open, on a basis of a flow rate of a
fluid that flows through the fluid passage, the drive
device makes an adjustment to a position of the working

shaft such that the flow rate is constant.
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2. The controller according to claim 1, wherein the
drive device is a pneumatic cylinder device and comprises:

a cylinder having a recess that i1s open at one end
side of the cylinder;

a bonnet configured to c¢lose an opening of the
cylinder;

a piston disposed in the recess of the cylinder;

a rod fixed to a distal end side of the piston and
configured to press the working shaft; and

a diaphragm having a center portion fixed to the
piston, a peripheral edge portion fixed between the
cylinder and the bonnet, and a turn portion between the
center portion and the peripheral edge portion both of
which are fixed,

in which compressed air supplied between the bonnet
and the diaphragm is caused to press the piston via the

diaphragm, thereby moving the rod.

3. The controller according to claim 1 or 2, wherein

the fluid passage has: a central passage that has an
opening surrounded by the valve seat and that is opposed
to a center portion of the diaphragm; and an outside
passage that has an opening on a radially outside of the
valve seat and that is opposed to a vicinity of an outer
peripheral edge portion of the diaphragm, and

the outside passage constitutes an inlet passage of
the fluid and the central passage constitutes an outlet

passage of the fluid.

21



4. The controller according to claim 3, wherein the
central passage has a diameter that is not greater than a

diameter of the outside passage.
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