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DESCRIPTION
VALVE DEVICE, FLUID CONTROL DEVICE, AND MANUFACTURING

METHOD OF VALVE DEVICE

TECHNICAL FIELD
[0001] The present invention relates to a valve device, a fluid control device,

and a manufacturing method of the valve device.

BACKGROUND ART
[0002] JP2016-161022A discloses a valve device including a flow passage
block in which a flow passage is formed, a diaphragm that opens and closes
the flow passage, an actuator that pushes down the diaphragm via a
diaphragm holder, and a bonnet that joins the flow passage block and the

actuator.

SUMMARY OF INVENTION

[0003] However, with the valve device disclosed in JP2016-161022A, there
is a problem in that a flow rate of fluid flowing through the flow passage when
the diaphragm is fully opened is varied due to dimensional variations of
respective members forming the valve device. Thus, when the valve device is
to be assembled, it is required to adjust a Cv value related to the flow rate.
Here, in JIS standards, the Cv value is defined as a flow rate value expressing,
in US gallon/min, a flow rate of water when the water of 60 degrees Fahrenheit
flows at a pressure difference of 1 Psi in a specific operation range.

[0004] The present invention has been conceived in light of the

circumstances described above, and an object thereof is to provide a valve
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device capable of adjusting a Cv value during assembly, a fluid control device,
and a manufacturing method of the valve device.

[0005] According to an aspect of the present invention, provided is a valve
device including: a flow passage block in which a flow passage is formed; a
diaphragm configured to open and close the flow passage; a diaphragm holder
configured to hold the diaphragm; an actuator configured to push down the
diaphragm via the diaphragm holder; a tubular bonnet formed with an internal
thread on an inner circumferential surface, the tubular bonnet being
configured to join the flow passage block and the actuator; a tubular position
adjusting member threaded to the internal thread, the tubular position being
configured to come into contact with the diaphragm holder to adjust a valve
opening position of the diaphragm; and an annular lock nut configured to lock
the position adjusting member by being screwed into the internal thread.
[0006] According to another aspect of the present invention, provided is a
manufacturing method of the valve device for manufacturing the valve device
including: a diaphragm arranging step of arranging a diaphragm to a flow
passage block in which a flow passage is formed, the diaphragm being
configured to open and close the flow passage; a bonnet attaching step of
attaching a tubular bonnet to the flow passage block, the bonnet being formed
with an internal thread on an inner circumferential surface thereof; a
diaphragm-holder arranging step of arranging a diaphragm holder on the
bonnet so as to come into contact with the diaphragm; a
valve-opening-position adjusting step of adjusting a valve opening position of
the diaphragm via the diaphragm holder by threading a tubular position
adjusting member to the internal thread; a locking step of locking the position

adjusting member by screwing an annular lock nut to the internal thread; and
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an actuator attaching step of attaching an actuator to the bonnet, the actuator
being configured to push down the diaphragm via the diaphragm holder.

[0007] According to the aspect of the present invention, it is possible to

adjust a Cv value during assembly.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1 is a sectional view showing a valve device according to an
embodiment of the present invention.

FIG. 2 is a top view showing an adjusting screw and a first rotary jig for
rotating the adjusting screw.

FIG. 3 is a top view showing a lock nut.

FIG. 4 is a schematic view showing a second rotary jig for rotating the lock
nut, in which (a) is a schematic top view of the second rotary jig, and (b) is a
schematic sectional view of the second rotary jig.

FIG. 5 is a flow chart showing a manufacturing method of the valve device
for manufacturing the valve device.

FIG. 6 is a schematic view showing a state in which the adjusting screw is
locked by screwing the lock nut by the second rotary jig in a state in which
rotation of the adjusting screw is restricted by the first rotary jig.

FIG. 7 is a perspective view showing an example of a fluid control device
to which the valve device is applied.

FIG. 8 is a sectional view showing a relevant portion of the valve device
according to a first modification.

FIG. 9 is a schematic sectional view of a relevant portion of the valve

device according to a second modification.



DESCRIPTION OF EMBODIMENTS
[0009] In the following, an embodiment of the present invention
(hereinafter, referred to as "this embodiment") will be described with reference
to the attached drawings. In this description, the same reference signs are
given to the same components throughout the description.
[0010] A valve device 1 according to this embodiment will be described first
with reference to FIGs. 1 to 4.
[0011] FIG. 1 is a sectional view showing the valve device 1. FIG. 2 is a top
view showing an adjusting screw 8 and a first rotary jig 10 for rotating the
adjusting screw 8. FIG. 3 is a top view showing a lock nut 9. FIG. 4 is a
schematic view showing a second rotary jig 11 for rotating the lock nut 9, in
which (a) is a schematic top view of the second rotary jig 11, and (b) is a
schematic sectional view of the second rotary jig 11.
[0012] The valve device 1 according to this embodiment is provided in a
fluid control device (not shown) used for manufacture of a semiconductor.
The fluid control device is used for a thin film formation step for forming a
predetermined thin film on a substrate such as a semiconductor wafer, etc. by
an ALD (Atomic Layer Deposition) process.
[0013] As shown in FIG. 1, the valve device 1 is provided with a flow
passage block 2, a diaphragm 3, a diaphragm holder 4, an actuator 5 serving
as a driving portion, a bonnet 6, a spacer 7, and the adjusting screw 8 and the
lock nut 9 serving as position adjusting members. The valve device 1 is an
air-operated valve that opens the diaphragm 3 by introducing driving air
serving as driving fluid into the actuator 5.

[0014] The flow passage block 2 has, as a flow passage, a fluid inflow flow
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passage 21, a fluid outflow flow passage 22, and a recessed portion 23 for
receiving the bonnet 6. One end (an upper end in FIG. 1) of the fluid inflow
flow passage 21 is communicated with one end (the upper end in FIG. 1) of the
fluid outflow flow passage 22 through the recessed portion 23. A ring-shaped
valve seat 24 is provided on a peripheral edge of the one end of the fluid inflow
flow passage 21. The flow passage block 2 is provided with a circumferential
wall 231 forming the recessed portion 23. On the recessed portion 23, an
internal thread 232 that is to be threaded with the bonnet 6 is formed.

[0015] The diaphragm 3 is a valve body that opens and closes the fluid
inflow flow passage 21 by being separated away from the valve seat 24 or by
being pressed against the valve seat 24. The diaphragm 3 is a diaphragm
member that separates the flow passage side and the actuator 5 side. In
addition, the diaphragm 3 is formed to have an arc shape raised toward the
actuator 5 side (the upper side in FIG. 1) in a natural state, and is made of, for
example, a nickel alloy thin plate, etc. In general, the diaphragm 3 is held
against the valve seat 24 by the diaphragm holder 4.

[0016] The diaphragm holder 4 is a holding member for holding the
diaphragm 3 against the valve seat 24. The diaphragm holder 4 is
accommodated in the bonnet 6. In addition, the diaphragm holder 4 has: a
disc-shaped holder main body 41 serving as a guided portion; a disc-shaped
upper projecting portion 42 that projects from the holder main body 41 toward
the actuator 5 side (the upper side in FIG. 1) and that has a diameter that is
smaller than that of the holder main body 41; and a disc-shaped lower
projecting portion 43 serving as an insertion portion that projects from the
holder main body 41 toward the flow passage block 2 side (the lower side in

FIG. 1) and that has a diameter that is smaller than that of the holder main
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body 41 but larger than that of the upper projecting portion 42. The holder
main body 41, the upper projecting portion 42, and the lower projecting
portion 43 are formed coaxially.

[0017] The holder main body 41 is formed with an upper surface 411
serving as contact surface and a lower surface 412 serving as a movement
restricting surface on the opposite side from the upper surface 411. The
upper surface 411 is formed so as to be located at the outer side of the upper
projecting portion 42 and so as to face an end surface (a lower end surface in
FIG. 1) of the adjusting screw 8 on the flow passage block 2 side. The lower
surface 412 is formed so as to be located at the outer side of the lower
projecting portion 43 and so as to face an end surface (an upper end surface in
FIG. 1) of the spacer 7 on the actuator 5 side.

[0018] In addition, in this embodiment, the lower projecting portion 43 is
provided on the holder main body 41 by being fitted thereto. However, the
present invention is not limited thereto, and for example, the lower projecting
portion 43 may be formed integrally with the holder main body 41.

[0019] The actuator 5 causes the diaphragm 3 to be pressed against or
separated away from the valve seat 24 via the diaphragm holder 4
accommodated in the bonnet 6, and thereby, the fluid inflow flow passage 21 is
communicated with or shut off from the fluid outflow flow passage 22. The
actuator 5 has a case 51 that is provided above the bonnet 6, a piston 52 that
is slidably accommodated in the case 51, a coil spring 53 serving as a biasing
member that pushes the piston 52 against the flow passage block 2 side, and a
stem 54 that is moved in the axial direction (the vertical direction in FIG. 1)
cooperatively with the piston 52.

[0020] The case 51 is a frame member for accommodating the piston 52
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and the coil spring 53. The case 51 has a first case 511 serving as an upper
having a bottomed cylindrical shape and a second case 512 serving as a lower
case that is joined with the first case 511 by being threaded thereto. The
piston 52 is slidably accommodated in an accommodating space 513 that is
formed by joining the first case 511 and the second case 512. The coil spring
53 is accommodated above the piston 52.

[0021] The first case 511 has a cylindrical circumferential wall 511a and a
columnar top wall 511b that is provided on one end (the upper end in FIG. 1) of
the circumferential wall S11a. On an inner circumferential surface of other
end (lower end in FIG. 1) of the circumferential wall 511a, an internal thread
S511c that is threaded to the second case 512 is formed. At the center of the
top wall 511b, a stem guide hole 511d is formed so as to penetrate through in
the axial direction (the vertical direction in FIG. 1) of the stem 54. The driving
air is introduced into the actuator S from a driving-air supply control unit (not
shown) via the stem guide hole 511d.

[0022] In the top wall 511b, a ring-shaped groove 511e serving as a spring
accommodating chamber for accommodating the coil spring 53 is formed so as
to surround the stem guide hole 511d. The coil spring 53 is accommodated in
the ring-shaped groove 511e in a compressed state such that one end (the
upper end in FIG. 1) thereof is in contact with a bottom portion of the
ring-shaped groove 511e and other end (lower end in FIG. 1) thereof is in
contact with a first piston 521 of the piston 52, which will be described later.
[0023] In the circumferential wall 511a, a through hole 511f and a through
hole 511g for venting air are formed by penetrating through the
circumferential wall 511a in the radial direction so as not to interfere with the

internal thread S11c. The through hole 511g is located below the through
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hole 511f. In the top wall 511b, a pair of engagement holes 511h with which a
third rotary jig for rotating the actuator 5 is to be engaged are formed so as not
to interfere with the stem guide hole 511d.

[0024] The second case 512 has: a cylindrical circumferential wall 512a; a
disc-shaped bottom wall 512b provided on one end (lower end in FIG. 1) of the
circumferential wall 512a; and a cylindrical extended portion 514 that extends
from the bottom wall 512b toward the flow passage block 2 side (the lower side
in FIG. 1). On an outer circumferential surface of the circumferential wall
512a, an external thread 512c that is threaded to the internal thread 511c is
formed. In the circumferential wall 512a, a through hole 512d for venting air
is formed by penetrating through the circumferential wall 512a in the radial
direction so as not to interfere with the external thread 512c. The through
hole 511g of the first case 511 is communicated with the through hole 512d of
the second case 512.

[0025] In the bottom wall 512b and the extended portion 514, a through
hole 512e into which the stem 54 is inserted is formed. On an outer
circumferential surface of the extended portion 514, an external thread 515
that is threaded to the bonnet 6 is provided. The bottom wall 512b is formed
with a ring-shaped flat contact surface 512f that is located at the outer
circumferential side from the extended portion 514 so as to face the bonnet 6.
[0026] The piston 52 has the first piston 521 serving as an upper piston
and a second piston 522 serving as a lower that is located below the first piston
521 in FIG. 1.

[0027] A counter plate 55 that is located between the first piston 521 and
the second piston 522 is fixed on an inner circumferential surface of the first

case 511. A through hole through which the stem 54 is inserted is formed at



the center of the counter plate 55.

[0028] A first air introduction chamber 56 is formed between the second
piston 522 and the second case 512. A second air introduction chamber 57 is
formed between the first piston 521 and the counter plate 55.

[0029] One end (the upper end in FIG. 1) of the stem 54 is inserted into the
stem guide hole 511d of the first case 511. The stem 54 is formed with an
axial direction flow passage 54a, a first radial flow passage 54b, and a second
radial flow passage 54c for introducing the driving air into the first air
introduction chamber 56 and the second air introduction chamber 57. In
addition, in this embodiment, the stem 54 has a first shaft unit that extends
upwards from the center portion of the first piston 521 and a second shaft unit
that is formed separately from the first shaft unit and that extends in the
vertical direction from the center portion of the second piston 522. However,
the present invention is not limited thereto, and for example, the stem 54 may
have a shaft unit that is formed of the first shaft unit and the second shaft unit
in an integral form.

[0030] The axial direction flow passage 54a is communicated with the stem
guide hole 511d. The first radial flow passage 54b is formed on a tip end (a
lower end in FIG. 1) of the axial direction flow passage 54a, and thereby, the
axial direction flow passage 54a is communicated with the first air
introduction chamber 56. The second radial flow passage 54c is formed in
the vicinity of the center portion of the axial direction flow passage 54a, and
thereby, the axial direction flow passage 54a is communicated with the second
air introduction chamber 57.

[0031] A first communicating chamber 58 is formed between the first

piston 521 and the first case 511. The first communicating chamber 58 is
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communicated with the outside through the through hole 511f. A second
communicating chamber 59 is formed between the second piston 522 and the
counter plate 55. The second communicating chamber 59 is communicated
with the outside through the through hole 511g and the through hole 512d.
[0032] An O ring 12 is interposed between the stem guide hole 511d and
one end of the stem 54. An O ring 13 is interposed between the first piston
521 and the first case 511. An O ring 14 is interposed between the counter
plate 55 and the first case 511. An O ring 15 is interposed between the
counter plate 55 and the stem 54. An O ring 16 is interposed between the
second piston 522 and the second case 512. An O ring 17 is interposed
between the stem 54 and the through hole 512e.

[0033] The bonnet 6 is a cylindrical joint member that joins the flow
passage block 2 and the actuator 5. The diaphragm holder 4, the adjusting
screw 8, and the lock nut 9 are accommodated in the bonnet 6.

[0034] On an outer circumferential surface of the bonnet 6, an external
thread 61 that is threaded to the internal thread 232 of the recessed portion 23
of the flow passage block 2 is formed. With such a configuration, the bonnet 6
is attached to the flow passage block 2 by threading the internal thread 232
and the external thread 61 together. In addition, an outer circumferential
surface of the bonnet 6 is provided with a hexagonal projected portion 62 that
can be engaged with monkey wrench, etc. The hexagonal projected portion 62
is located on the actuator 5 side (in other words, above the external thread 61)
from the external thread 61.

[0035] An inner circumferential surface of the bonnet 6 located on the
actuator 5 side (above in FIG. 1) is formed with an internal thread 63. The

adjusting screw 8, the lock nut 9, and the extended portion 514 of the actuator
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5 are threaded to the internal thread 63 in this order.

[0036] An upper end of the bonnet 6 is formed with a ring-shaped flat
positioning surface 64 that faces the contact surface 512f of the actuator 5.
By threading the external thread 515 of the extended portion 514 and the
internal thread 63 of the bonnet 6, it is possible to screw the extended portion
514 of the actuator 5 into the inner circumferential surface of the bonnet 6
until the contact surface 512f and the positioning surface 64 are brought into
contact. With such a configuration, the actuator 5 is positioned by the
contact between the contact surface 512f and the positioning surface 64.
[0037] On a lower end of the bonnet 6 serving as an end portion located on
the flow passage block 2 side (downward in FIG. 1), a ring-shaped annular
portion 65 having the inner diameter that is smaller than the inner diameter of
the internal thread 63 is formed. The holder main body 41 of the diaphragm
holder 4 is guided in the vertical direction by an inner circumferential surface
of the annular portion 65. The bonnet 6 is formed such that the internal
thread 63 and the annular portion 65 do not overlap with each other in the
vertical direction.

[0038] The ring-shaped spacer 7 having the inner diameter that is smaller
than the inner diameter of the annular portion 65 is provided between the
lower end of the bonnet 6 and a bottom surface of the recessed portion 23 of
the flow passage block 2. An outer circumferential edge of the diaphragm 3 is
retained between the spacer 7 and the bottom surface of the recessed portion
23 and is fixed by screwing the bonnet 6 into the internal thread 232 of the
recessed portion 23. The lower projecting portion 43 of the diaphragm holder
4 that is brought into contact with the diaphragm 3 is inserted into an inner

circumferential side of the spacer 7.



- 12 -
[0039] The adjusting screw 8 is a cylindrical position adjusting member for
adjusting a valve opening position of the diaphragm 3 via the diaphragm
holder 4 correspondingly to a screwed amount the adjusting screw 8 with
respect to the internal thread 63 of the bonnet 6. Here, the valve opening
position of the diaphragm 3 refers to the position of the apex of the diaphragm
3. In addition, the adjusting screw 8 is provided along the vertical direction
between the lock nut 9 and the diaphragm holder 4. In this embodiment, the
stem 54 of the actuator 5 and the upper projecting portion 42 of the diaphragm
holder 4 are inserted in an inner circumferential side of the adjusting screw 8
so as to come into contact with each other. However, the present invention is
not limited thereto, and for example, either one of the stem 54 and the upper
projecting portion 42 may be inserted into the inner circumferential side of the
adjusting screw 8.

[0040] The adjusting screw 8 has: a cylindrical large-diameter portion 81
serving as a threaded portion that is threaded to the internal thread 63; and a
cylindrical small-diameter portion 82 that is located at the flow passage block
2 side (downward in FIG. 1) of the large-diameter portion 81 and that has the
outer diameter that is smaller than the outer diameter of the large-diameter
portion 81. The large-diameter portion 81 and the small-diameter portion 82
are formed coaxially.

[0041] On an outer circumferential surface of the large-diameter portion
81, an external thread 811 that is threaded to the internal thread 63 of the
bonnet 6 is formed. An end surface (an upper end surface in FIG. 1) of the
large-diameter portion 81 on the actuator 5 side is in contact with the lock nut
9.

[0042] The small-diameter portion 82 is provided such that a tip end (a
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lower end in FIG. 1) of the small-diameter portion 82 is inserted into the
annular portion 65 of the bonnet 6. An end surface (a lower end surface in
FIG. 1) of the small-diameter portion 82 on the flow passage block 2 side is in
contact with the upper surface 411 serving as contact surface of the holder
main body 41 of the diaphragm holder 4.

[0043] As shown in FIGs. 1 and 2, on an inner circumferential surface of
the adjusting screw 8, first engagement portions 83 to which the first rotary jig
10 for rotating the adjusting screw 8 is to be engaged are formed. As shown in
FIG. 2, the first engagement portions 83 are formed of six semicircular
recessed grooves 831 that are formed in the inner circumferential surface of
the adjusting screw 8 at predetermined intervals in a top view. The first
rotary jig 10 is a hexagonal wrench. Corner portions of the first rotary jig 10
can respectively be received in the six recessed grooves 831.

[0044] In this embodiment, the recessed grooves 831 are provided so as to
extend to the small-diameter portion 82 by penetrating through the
large-diameter portion 81 in the vertical direction. However, the present
invention is not limited thereto, and for example, the recessed grooves 831 may
be provided so as to penetrate only through the large-diameter portion 81 in
the vertical direction, or the large-diameter portion 81 may be provided only at
a part of the large-diameter portion 81 in the vertical direction.

[004 5] As the adjusting screw 8 is rotated in one direction (for example, in
the clockwise direction) by using the first rotary jig 10, the adjusting screw 8 is
moved toward the flow passage block 2 side (downward in FIG. 1) while being
screwed into the internal thread 63 of the bonnet 6. By doing so, the
diaphragm holder 4 is moved toward the flow passage block 2 side (downward

in FIG. 1) together with the adjusting screw 8. As the diaphragm 3 is pushed
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toward the flow passage block 2 side (downward in FIG. 1) by the movement of
the diaphragm holder 4, a gap formed between the apex of the diaphragm 3
and the valve seat 24 (in other words, the Cv value) is made smaller.

[0046] On the other hand, as the adjusting screw 8 is rotated in the other
direction (for example, in the counterclockwise direction) by using the first
rotary jig 10, the adjusting screw 8 is moved toward the actuator S side
(upward in FIG. 1) while being loosened with respect to the internal thread 63
of the bonnet 6. By doing so, the diaphragm holder 4 is moved toward the
actuator 5 side (upward in FIG. 1) by a restoring force of the diaphragm 3, and
thereby, the gap formed between the apex of the diaphragm 3 and the valve
seat 24 (in other words, the Cv value) is increased.

[0047] As described above, the adjusting screw 8 can adjust the Cv value at
the time of assembly of the valve device 1 by adjusting the valve opening
position of the diaphragm 3 via the diaphragm holder 4 correspondingly to the
screwed amount of the adjusting screw 8 with respect to the internal thread 63
of the bonnet 6. Therefore, when the valve device 1 is fully opened, it is
possible to suppress the variation in the flow rate of the fluid flowing through
the fluid inflow flow passage 21 and the fluid outflow flow passage 22.

[0048] Furthermore, the movement of the diaphragm holder 4 toward the
flow passage block 2 side (downward in FIG. 1) is restricted by the contact
between the lower surface 412 serving as a movement restricting surface of the
holder main body 41 and the upper surface of the spacer 7. With such a
configuration, it is possible to suppress both of excessive screwing of the
adjusting screw 8 into the internal thread 63 while making the gap formed
between the apex of the diaphragm 3 and the valve seat 24 (in other words, the

Cv value) smaller excessively and excessive pressing of the diaphragm 3
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against the valve seat 24 by the diaphragm holder 4

when the valve device 1 is closed.

[0049] The lock nut 9 is a ring-shaped lock member that locks the
adjusting screw 8 after the valve opening position of the diaphragm 3 has been
adjusted. In addition, the lock nut 9 is provided along the vertical direction
between the extended portion 514 of the actuator 5 and the adjusting screw 8.
In this embodiment, the stem 54 of the actuator 5 is inserted through the inner
circumferential side of the lock nut 9. However, the present invention is not
limited thereto, and for example, the upper projecting portion 42 of the
diaphragm holder 4 may be inserted through the lock nut 9, or the stem 54
and the upper projecting portion 42 may be inserted so as to come into contact
with each other.

[0050] On an outer circumferential surface of the lock nut 9, an external
thread 91 that is threaded to the internal thread 63 of the bonnet 6 is formed.
An end surface (a lower end surface in FIG. 1) of the lock nut 9 on the flow
passage block 2 side comes into contact with an end surface of the
large-diameter portion 81 of the adjusting screw 8.

[0051] As shown in FIG. 1, 3, and 4, in an end surface (an upper end
surface in FIG. 1) of the lock nut 9 on the actuator S side, second engagement
portions 92 with which the second rotary jig 11 for rotating the lock nut 9 is to
be engaged are formed. As shown in FIGs. 1 and 3, the second engagement
portions 92 are formed of a pair of engagement holes 921.

[0052] As shown in FIG. 4, the second rotary jig 11 has a cylindrical jig
main body 111, a hexagonal projected portion 112 that is provided on an outer
circumferential surface of the one end of the jig main body 111 and that can

engage with the hexagonal wrench, and a pair of projections 113 that project
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from other end of the jig main body 111 and that can engage with a pair of
engagement holes 921. Because the jig main body 111 of the second rotary jig
11 is formed with a through hole through which the first rotary jig 10 can be
inserted, it is possible to use the first rotary jig 10 by inserting it through an
inner circumferential side of the jig main body 111 of the second rotary jig 11.
[0053] The lock nut 9 is screwed into the internal thread 63 of the bonnet 6
by being rotated in one direction (for example, in the clockwise direction) by the
second rotary jig 11. By doing so, the lock nut 9 can lock the adjusting screw
8, and so, it is possible to suppress the variation in the Cv value due to the
loosening of the adjusting screw 8. Therefore, when the valve device 1 is fully
opened, it is possible to further suppress the variation in the flow rate of the
fluid flowing through the fluid inflow flow passage 21 and the fluid outflow flow
passage 22.

[0054] In addition, the first engagement portions 83 that engage with the
first rotary jig 10 are formed in a region of the adjusting screw 8 that does not
overlap with the lock nut 9 in a top view, and the second engagement portions
92 that engage with the second rotary jig 11 are formed in a region of the lock
nut 9 that overlaps with the adjusting screw 8 in a top view. With such a
configuration, the first rotary jig 10 can engage with the first engagement
portions 83 of the adjusting screw 8 without interfering with the lock nut 9,
and at the same time, the second rotary jig 11 through which the first rotary jig
10 is inserted can engage with the second engagement portions 92 of the lock
nut 9 (see FIG. 6).

[0055] In a state in which the rotation of the adjusting screw 8 is restricted
by the first rotary jig 10, the lock nut 9 is screwed by the second rotary jig 11 to

tighten and lock the adjusting screw 8 with a reliability. By doing so, the
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rotation (co-rotation) of the adjusting screw 8 caused by screwing the lock nut
9 can be suppressed, and therefore, it is possible to prevent the Cv value from
being changed after the adjustment. Therefore, when the valve device 1 is
fully opened, it is possible to further suppress the variation in the flow rate of
the fluid flowing through the fluid inflow flow passage 21 and the fluid outflow
flow passage 22.

[0056] The first engagement portions 83 of the adjusting screw 8 are
located at the radially inward side from the second engagement portions 92 of
the lock nut 9. With such a configuration, the first rotary jig 10 can engage
with the first engagement portions 83 that are located at the radially inward
side from the second engagement portions 92 by being inserted into the inner
circumferential side of the lock nut 9 formed between the pair of engagement
holes 921 (see FIG. 6).

[0057] As described above, it is possible to use the first rotary jig 10 and the
second rotary jig 11 by engaging them with the first engagement portions 83
and the second engagement portions 92, respectively, at the same time
without causing interference therebetween.

[0058] In this embodiment, the first engagement portions 83 and the
second engagement portions 92 are formed in the region of the adjusting screw
8 that does not overlap with the lock nut 9 in a top view and in the region of the
lock nut 9 that overlaps with the adjusting screw 8 in a top view, respectively.
However, the present invention is not limited thereto, and for example, the first
engagement portions 83 and the second engagement portions 92 may be
formed in the region of the adjusting screw 8 that overlaps with the lock nut 9
in a top view and in the region of the lock nut 9 that overlaps with the adjusting

screw 8 in a top view, respectively.
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[0059] Furthermore, in a state in which the contact surface 512f of the
actuator 5 and the positioning surface 64 of the bonnet 6 are in brought into
contact by the threading between the external thread 515 of the extended
portion 514 of the actuator 5 and the internal thread 63 of the bonnet 6, a
clearance is formed between the extended portion 514 and the lock nut 9.
With such a configuration, the contact between the extended portion 514 and
the lock nut 9 can be avoided, and therefore, it is possible to perform the
positioning of the actuator 5 with a high accuracy by causing the contact
surface 512f and the positioning surface 64 to come into contact. In addition,
it is possible to make the dimension of the valve device 1 in the vertical
direction constant.

[0060] Next, a manufacturing method of the valve device 1 for
manufacturing the valve device 1 will be described with reference to FIGs. 5
and 6.

[0061] FIG. 5 is a flow chart showing the manufacturing method of the
valve device 1 for manufacturing the valve device 1. FIG. 6 is a schematic
view showing a state in which the adjusting screw 8 is being locked by
screwing the lock nut 9 by using the second rotary jig 11 in a state in which the
rotation of the adjusting screw 8 is restricted by the first rotary jig 10.

[0062] As shown in FIG. 5, in Step S1, the diaphragm 3 is first arranged on
the flow passage block 2. Specifically, in Step S1, the diaphragm 3 is
arranged on the bottom surface of the recessed portion 23 of the flow passage
block 2 such that both of the fluid inflow flow passage 21 and the fluid outflow
flow passage 22 are covered by the diaphragm 3.

[0063] Next, in Step S2, the bonnet 6 is attached to the flow passage block

2. Specifically, Step S2 includes a spacer mounting step in which the spacer
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7 is mounted on the diaphragm 3 so as to cover the outer circumferential edge
of the diaphragm 3 and a bonnet screwing step in which the bonnet 6 is
screwed into the recessed portion 23 of the flow passage block 2 to fix the
spacer 7 and the outer circumferential edge of the diaphragm 3.

[0064] Next, in Step S3, the diaphragm holder 4 is arranged on the bonnet
6 so as to come into contact with the diaphragm 3. Next, in Step S4, the valve
opening position of the diaphragm 3 is adjusted via the diaphragm holder 4 by
threading the adjusting screw 8 to the internal thread 63 of the bonnet 6 by
using the first rotary jig 10. By doing so, it is possible to adjust the Cv value
during the assembly of the valve device 1.

[0065] Next, in Step S5, the adjusting screw 8 is locked by screwing the
lock nut 9 into the internal thread 63 of the bonnet 6 by using the second
rotary jig 11. Specifically, in Step S5, as shown in FIG. 6, in a state in which
the rotation of the adjusting screw 8 is restricted by the first rotary jig 10, the
adjusting screw 8 is tightened and locked with a reliability by screwing the lock
nut 9 by using the second rotary jig 11.

[0066] By doing so, the rotation (the co-rotation) of the adjusting screw 8
caused by screwing the lock nut 9 can be suppressed, and therefore, it is
possible to prevent the Cv value from being changed after the adjustment.
Therefore, when the valve device 1 is fully opened, it is possible to further
suppress the variation in the flow rate of the fluid flowing through the fluid
inflow flow passage 21 and the fluid outflow flow passage 22.

[0067] Finally, in Step S6, the actuator 5 is attached to the bonnet 6.
Specifically, in Step S6, the extended portion 514 of the actuator 5 in an
assembly state is screwed to the internal thread 63 of the bonnet 6 to cause the

contact surface 512f of the actuator 5 to come into contact with the positioning
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surface 64 of the bonnet 6, and thereby, it is possible to perform the
positioning of the actuator 5.

[0068] Next, operation of the valve device 1 will be described.

[0069] In a case in which the driving-air supply control unit supplies the
driving air to the actuator 5 of the valve device 1 via the stem guide hole 511d,
the driving air is introduced to the first air introduction chamber 56 via the
axial direction flow passage 54a and the first radial flow passage 54b and is
introduced to the second air introduction chamber 57 via the axial direction
flow passage 54a and the second radial flow passage S4c.

[0070] With such a configuration, the piston 52 is moved upward in FIG. 1
together with the stem 54 against the biasing force exerted by the coil spring
53 such that volumes of the first air introduction chamber 56 and the second
air introduction chamber 57 are increased. The diaphragm 3 is then moved
away from the valve seat 24 by moving upwards together with the diaphragm
holder 4 by its own restoring force. In other words, the diaphragm 3 opens
the fluid inflow flow passage 21 by the upward movement of the piston 52 and
the stem 54. Therefore, the fluid such as process gas, etc. is supplied to the
fluid outflow flow passage 22 from the fluid inflow flow passage 21 via a gap
formed between the valve seat 24 and the diaphragm 3.

[0071] On the other hand, in a case in which the driving-air supply control
unit is not supplying the driving air to the actuator 5 of the valve device 1 via
the stem guide hole 511d, the piston 52 is moved downward in FIG. 1 together
with the stem 54 by the biasing force exerted by the coil spring 53. The
diaphragm 3 is then pressed against the valve seat 24 via the diaphragm
holder 4 by the downward movement of the stem 54. In other words, the

diaphragm 3 closes the fluid inflow flow passage 21 by the movement of the
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piston 52, the stem 54, and the diaphragm holder 4. Therefore, the vaporized
fluid such as process gas, etc. is not supplied from the fluid inflow flow
passage 21 to the fluid outflow flow passage 22.

[0072] The volumes of the first air introduction chamber 56 and the second
air introduction chamber 57 are reduced along with the movement of the
piston 52 and the stem 54. At this time, the air in the first air introduction
chamber 56 is discharged to the driving-air supply control unit via the first
radial flow passage 54b, the axial direction flow passage 54a, and the stem
guide hole 511d, and the air in the second air introduction chamber 57 is
discharged to the driving-air supply control unit via the second radial flow
passage S4c, the axial direction flow passage 54a, and the stem guide hole
511d.

[0073] As described above, in the driving-air supply control unit, by
controlling the supply of the driving air to the actuator 5 of the valve device 1,
it is possible to switch the opened state and closed state of the diaphragm 3
with respect to the valve seat 24. Therefore, according to the valve device 1 as
described above, it is possible to control the supply of the fluid from the fluid
inflow flow passage 21 to the fluid outflow flow passage 22. In this
embodiment, the valve device 1 is a valve device of a constantly closed type
(normally closed type). However, the present invention is not limited thereto,
and for example, the valve device 1 may be a valve device of a constantly
opened type (normally opened type).

[0074] Next, an example of the fluid control device to which the valve device
1 according to this embodiment is applied will be described with reference to
FIG. 7.

[0075] FIG. 7 is a perspective view showing an example of the fluid control
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device to which the valve device 1 is applied.

[0076] The fluid control device shown in FIG. 7 is provided with a metallic
base plate BS that is arranged along the width directions W1 and W2 and that
is extended in the longitudinal directions G1 and G2. W1 refers to the front
side direction, W2 refers to the back side direction, G1 refers to the upstream
side direction, and G2 refers to the downstream side direction. Various fluid
apparatuses 991A to 991E are mounted on the base plate BS via a plurality of
flow passage blocks 992, and flow passages (not shown) through which the
fluid flows from the upstream side G1 toward the downstream side G2 are
respectively formed by the plurality of flow passage blocks 992.

[0077] In the above, "the fluid apparatus" is an apparatus that is used for
the fluid control device for controlling the flow of the fluid, and such an
apparatus includes a body that defines the fluid flow passages and has at least
two flow passage openings that open at a surface of the body. Specifically, the
open/close valves (two-way valves) 991A, regulators 991B, pressure gauges
991C, open/close valves (three-way valves) 991D, mass flow controllers 991E,
and so forth are included; however, the present invention is not limited
thereto. An introduction pipe 993 is connected to the flow passage opening of
the above-described flow passages (not shown) on the upstream side.

[0078] The valve device 1 according to this embodiment can be applied to
the various valve devices such as the open/close valves 991A and 991D, the

regulators 991B, and so forth described above.

[0079] Next, operational advantages according to this embodiment will be
described.
[0080] The valve device 1 according to this embodiment is provided with:

the flow passage block 2 in which the fluid inflow flow passage 21 is formed;
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the diaphragm 3 configured to open and close the fluid inflow flow passage 21;
the diaphragm holder 4 configured to hold the diaphragm 3; the actuator 5
configured to push down the diaphragm 3 via the diaphragm holder 4; the
cylindrical bonnet 6 formed with the internal thread 63 on the inner
circumferential surface, the bonnet 6 being configured to join the flow passage
block 2 and the actuator 5; the cylindrical adjusting screw 8 threaded to the
internal thread 63, the adjusting screw 8 being configured to come into contact
with the diaphragm holder 4 to adjust the valve opening position of the
diaphragm 3; and the annular lock nut 9 configured to lock the adjusting
screw 8 by being screwed into the internal thread 63.

[0081] The fluid control device according to this embodiment is the fluid
control device including the plurality of fluid apparatuses arranged from the
upstream side toward the downstream side, wherein the plurality of fluid
apparatuses includes the valve device 1 described above.

[0082] The manufacturing method of the valve device 1 for manufacturing
the valve device 1 according to this embodiment includes: a diaphragm
arranging step of arranging the diaphragm 3 to the flow passage block 2 in
which the fluid inflow flow passage 21 is formed, the diaphragm 3 being
configured to open and close the fluid inflow flow passage 21; a bonnet
attaching step of attaching the cylindrical bonnet 6 to the flow passage block 2,
the bonnet 6 being formed with the internal thread 63 on the inner
circumferential surface thereof, a diaphragm-holder arranging step of
arranging the diaphragm holder 4 on the bonnet 6 so as to come into contact
with the diaphragm 3; a valve-opening-position adjusting step of adjusting the
valve opening position of the diaphragm 3 via the diaphragm holder 4 by

threading the cylindrical adjusting screw 8 to the internal thread 63; a locking
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step of locking an adjusting screw by screwing the ring-shaped lock nut 9 to
the internal thread 63; and an actuator attaching step of attaching the
actuator S to the bonnet 6, the actuator 5 being configured to push down the
diaphragm 3 via the diaphragm holder 4.

[0083] According to such a configuration, the adjusting screw 8 can adjust
the adjusting screw 8 can adjust the Cv value at the time of assembly of the
valve device 1 by adjusting the valve opening position of the diaphragm 3 via
the diaphragm holder 4 in accordance with the screwed amount of the
adjusting screw 8 to the internal thread 63 of the bonnet 6. In addition,
because the adjusting screw 8 can be tightened and locked by screwing the
lock nut 9, it is possible to suppress the variation in the Cv value due to the
loosening of the adjusting screw 8. Therefore, when the valve device 1 is fully
opened, it is possible to further suppress the variation in the flow rate of the
fluid flowing through the fluid inflow flow passage 21 and the fluid outflow flow
passage 22.

[0084] In addition, in this embodiment, the first engagement portions 83
are formed in the region of the adjusting screw 8 that does not overlap with the
lock nut 9, the first engagement portions 83 being configured such that the
first rotary jig 10 is engaged with the first engagement portions 83, and the
second engagement portions 92 are formed in the lock nut 9, the second
engagement portions 92 being configured such that the second rotary jig 11 is
engaged with the second engagement portions 92.

[0085] According to such a configuration, the first rotary jig 10 can engage
with the first engagement portions 83 of the adjusting screw 8 without
interfering with the lock nut 9, and at the same time, the second rotary jig 11

can engage with the second engagement portions 92 of the lock nut 9.
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[0086] In addition, in this embodiment, the first engagement portions 83
are positioned at the radially inward side from the second engagement portions
92.

[0087] According to such a configuration, the first rotary jig 10 can engage
with the first engagement portions 83 that are located at the radially inward
side from the second engagement portions 92 by being inserted into the inner
circumferential side of the lock nut 9 formed between the pair of engagement
holes 921.

[0088] In addition, in this embodiment, the actuator 5 has the case 51, the
case 51 has: the cylindrical extended portion 514 provided so as to extend
toward the flow passage block 2 side, the extended portion 514 being formed
with the external thread 515 on the outer circumferential surface, and the
external thread 515 being configured to be threaded to the internal thread 63;
and the ring-shaped contact surface 512f located at the outer circumferential
side from the extended portion 514, the contact surface 512f facing the bonnet
6, the bonnet 6 is formed with the ring-shaped positioning surface 64 facing
the contact surface 512f, and the clearance is formed between the extended
portion 514 and the lock nut 9 in a state in which the contact surface 512f and
the positioning surface 64 are brought into contact by threading the external
thread 515 and the internal thread 63.

[0089] According to such a configuration, the contact between the extended
portion 514 and the lock nut 9 can be avoided, and therefore, it is possible to
perform the positioning of the actuator 5 with a high accuracy by causing the
contact surface 512f and the positioning surface 64 to come into contact. In
addition, it is possible to make the dimension of the valve device 1 in the

vertical direction constant.
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[0090] In addition, in this embodiment, the annular portion 65 is formed on
the lower end of the bonnet 6 located on the flow passage block 2 side, the
annular portion 65 having the inner diameter that is smaller than the inner
diameter of the internal thread 63, the ring-shaped spacer 7 is provided
between the lower end and the flow passage block 2, the spacer 7 having the
inner diameter that is smaller than the inner diameter of the annular portion
65, the diaphragm holder 4 has: the holder main body 41 having the lower
surface 412 facing the spacer 7, the holder main body 41 being configured to
be guided by the annular portion 65; the lower projecting portion 43
configured to be inserted into the inner circumferential side of the spacer 7,
the lower projecting portion 43 being located at the flow passage block 2 side
from the holder main body 41, and the movement of the diaphragm holder 4
toward the flow passage block 2 side is restricted by the contact between the
lower surface 412 of the holder main body 41 and the spacer 7.

[0091] According to such a configuration, it is possible to suppress
excessive screwing of the adjusting screw 8 into the internal thread 63 while
making the gap formed between the apex of the diaphragm 3 and the valve seat

24 (in other words, the Cv value) smaller excessively

[0092] In addition, in this embodiment, in the locking step, the adjusting
screw 8 is locked by threading the lock nut 9 to the internal thread 63 in a
state in which the rotation of the adjusting screw 8 is restricted.

[0093] According to such a configuration, the rotation (the co-rotation) of
the adjusting screw 8 caused by screwing the lock nut 9 can be suppressed,
and therefore, it is possible to prevent the Cv value from being changed after

the adjustment. Therefore, when the valve device 1 is fully opened, it is
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possible to further suppress the variation in the flow rate of the fluid flowing
through the fluid inflow flow passage 21 and the fluid outflow flow passage 22.
[0094]

[0095]

(First Modification)

Next, a valve device la according to a first modification will be described
with reference to FIG. 8. In this modification, the description of the
configurations that are the same as those in the above-described embodiment
is omitted, and the differences with respect to the embodiment described above
will be mainly described.

[0096] FIG. 8 is a sectional view showing a relevant portion of the valve
device la according to the first modification.

[0097] In the above-described embodiment, the screwed amount of the
adjusting screw 8 is restricted by the contact between the lower surface 412 of
the holder main body 41 and the spacer 7. However, the present invention is
not limited thereto, and for example, as shown in FIG. 8, the screwed amount
may be restricted by the contact between a middle diameter portion 84 serving
as a screwed amount restricting portion of the adjusting screw 8 and the
annular portion 65.

[0098] As shown in FIG. 8, in this modification, the adjusting screw 8 has,
in addition to the large-diameter portion 81 and the small-diameter portion 82,
the ring-shaped middle diameter portion 84 having the outer diameter that is
smaller than the outer diameter of the large-diameter portion 81, but larger
than the outer diameter of the small-diameter portion 82. The middle
diameter portion 84 is provided between the large-diameter portion 81 and the

small-diameter portion 82 along the vertical direction so as to face the annular
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portion 65 of the bonnet 6.

[0099] With the valve device la according to this modification, similarly to
the above-described embodiment, it is possible to suppress excessive screwing
of the adjusting screw 8 into the internal thread 63. In addition, it is possible
to make the ring-shaped spacer 7 to have the inner diameter that is same as
the inner diameter of the annular portion 65, and it is possible to omit the
lower projecting portion 43 of the diaphragm holder 4 in the above-described
embodiment, thereby achieving simplification of the configuration of the
diaphragm holder 4 (see FIG. 8).

[0100]

(Second Modification)

Next, a valve device 1b according to a second modification will be
described with reference to FIG. 9. In this modification, the description of the
configurations that are the same as those in the above-described embodiment
is omitted, and the differences with respect to the embodiment described above
will be mainly described.

[0101] FIG. 9 is a sectional view showing a relevant portion of the valve
device 1b according to the second modification.

[0102] In the above-described embodiment, the adjusting screw 8 and the
lock nut 9 are provided so as not be overlapped along the vertical direction.
However, the present invention is not limited thereto, and for example, as
shown in FIG. 9, the adjusting screw 8 and the lock nut 9 may be provided so
as to be overlapped along the vertical direction.

[0103] As shown in FIG. 9, in this modification, the first engagement
portions 83 are formed of a pair of engagement holes 831a that are formed in

an end surface of the adjusting screw 8 on the actuator 5 side. The second
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engagement portions 92 are formed of six semicircular recessed grooves 921a
that are formed in an inner circumferential surface of the lock nut 9 at
predetermined intervals in a top view. As described above, the first
engagement portions 83 and the second engagement portions 92 may not
necessarily be formed of the six semicircular recessed grooves 831 and the pair
of engagement holes 921, respectively.

[0104] With the valve device 1b according to this modification, by providing
the adjusting screw 8 and the lock nut 9 so as to be overlapped along the
vertical direction, it is possible to reduce the dimension of the bonnet 6
accommodating the adjusting screw 8 and the lock nut 9 in the vertical
direction. Therefore, it is possible to achieve reduction in the size of the valve
device 1.

[01035] This application claims priority based on Japanese Patent
Application N0.2019-141073 filed with the Japan Patent Office on July 31,

2019, the entire contents of which are incorporated into this specification.
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CLAIMS

1. A valve device comprising:

a flow passage block in which a flow passage is formed;

a diaphragm configured to open and close the flow passage;

a diaphragm holder configured to hold the diaphragm;

an actuator configured to push down the diaphragm via the diaphragm
holder;

a tubular bonnet formed with an internal thread on an inner
circumferential surface, the bonnet being configured to join the flow passage
block and the actuator;

a tubular position adjusting member threaded to the internal thread, the
position adjusting member being configured to come into contact with the
diaphragm holder to adjust a valve opening position of the diaphragm; and

an annular lock nut configured to lock the position adjusting member by

being screwed into the internal thread.

2. The valve device according to claim 1, wherein a first engagement
portion is formed in a region of the position adjusting member that does not
overlap with the lock nut, the first engagement portion being configured such
that a first rotary jig is engaged with the first engagement portion, and

a second engagement portion is formed in the lock nut, the second
engagement portion being configured such that a second rotary jig is engaged

with the second engagement portion.

3. The valve device according to claim 2, wherein the first engagement
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portion is located at radially inward side from the second engagement portion.

4.  The valve device according to any one of claims 1 to 3, wherein
the actuator has a case,
the case has:

a tubular extended portion provided so as to extend toward the flow
passage block side, the extended portion being formed with an external thread
on an outer circumferential surface, and the external thread being configured
to be threaded to the internal thread; and

an annular contact surface located at outer circumferential side
from the extended portion, the contact surface facing the bonnet,

the bonnet is formed with an annular positioning surface facing the
contact surface, and

a clearance is formed between the extended portion and the lock nut in a
state in which the contact surface and the positioning surface are brought into

contact by threading the external thread and the internal thread.

5. The valve device according to any one of claims 1 to 4, wherein

an annular portion is formed on an end portion of the bonnet located on
the flow passage block side, the annular portion having an inner diameter
smaller than an inner diameter of the internal thread,

an annular spacer is provided between the end portion and the flow
passage block, the spacer having an inner diameter smaller than the inner
diameter of the annular portion,

the diaphragm holder has:

a guided portion having a movement restricting surface facing the
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spacer, the guided portion being configured to be guided by the annular
portion; and
an insertion portion configured to be inserted into an inner
circumferential side of the spacer, the insertion portion being located at the
flow passage block side from the guided portion, and
movement of the diaphragm holder toward the flow passage block side is
restricted by contact between the movement restricting surface of the guided

portion and the spacer.

6. The valve device according to any one of claims 1 to 4, wherein
an annular portion is formed on an end portion of the bonnet on the flow
passage block side, the annular portion having an inner diameter smaller than
an inner diameter of the internal thread,
the position adjusting member has:
a threaded portion threaded to the internal thread; and
a screwed amount restricting portion located at the flow passage
block side from the threaded portion so as to face the annular portion, and
a screwed amount of the position adjusting member is restricted by
contact between the screwed amount restricting portion and the annular

portion.

7. A fluid control device comprising a plurality of fluid apparatuses
arranged from an upstream side toward a downstream side, wherein
the plurality of fluid apparatuses include the valve device according to

any one of claims 1 to 6.
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8. A manufacturing method of a valve device for manufacturing the
valve device, the manufacturing method comprising:

a diaphragm arranging step of arranging a diaphragm to a flow passage
block in which a flow passage is formed, the diaphragm being configured to
open and close the flow passage;

a bonnet attaching step of attaching a tubular bonnet to the flow passage
block, the bonnet being formed with an internal thread on an inner
circumferential surface thereof;

a diaphragm-holder arranging step of arranging a diaphragm holder on
the bonnet so as to come into contact with the diaphragm;

a valve-opening-position adjusting step of adjusting a valve opening
position of the diaphragm via the diaphragm holder by threading a tubular
position adjusting member to the internal thread,;

a locking step of locking the position adjusting member by screwing an
annular lock nut to the internal thread; and

an actuator attaching step of attaching an actuator to the bonnet, the
actuator being configured to push down the diaphragm via the diaphragm

holder.

9. The manufacturing method of the valve device according to claim 8,
wherein

in the locking step, the position adjusting member is locked by screwing

the lock nut into the internal thread in a state in which rotation of the position

adjusting member is restricted.



