[DESCRIPTION]

[Title of Invention]

ACTUATOR AND VALVE DEVICE
[Technical Field]

[0001]

The present disclosure relates to an actuator and a valve device for use in
semiconductor manufacturing equipment and the like.

[Background Art]

[0002]

In the valve device disclosed in Patent Literature 1, which is opened and closed by
an operating fluid, an O-ring is provided between a piston and a partition in order to
maintain a sealing property of a pressure chamber.

[Citation List]

[Patent Document]

[0003]

[Patent Literature 1] Japanese Patent No. 6170635
[Summary of Invention]

[Technical Problem]

[0004]

However, in the valve device of Patent Literature 1, since the sealing property of the
O-ring is generated only in a direction perpendicular to the vertical direction, when the
valve device is used in a high-temperature environment for a long period of time,
lubricating oil evaporates, the O-ring is degraded due to heat, and the O-ring is worn due
to sliding, and accordingly the sealing property of the O-ring deteriorates.

[0005]

Therefore, one of the objects of the present disclosure is to provide an actuator and a
valve device capable of suppressing the deterioration in the sealing property of the O-ring
even if used in a high-temperature environment for a long period of time.

[Solution to Problem]

[0006]

In order to attain the above object, an actuator according to one embodiment of the
present invention includes a casing including a first pressing portion; a drive member
including a second pressing portion, the drive member being provided in the casing, the
drive member forming a pressure chamber along with the casing, the drive member being
driven by an operating fluid flowing from outside; and a sealing member disposed to be

sandwiched between the casing and the drive member in a direction perpendicular to a



moving direction of the drive member, the sealing member having a ring-shape and
sealing the pressure chamber. The first pressing portion and the second pressing portion
face each other in the moving direction of the drive member. The sealing member is
positioned between the first pressing portion and the second pressing portion. The second
pressing portion moves toward and away from the first pressing portion as the drive
member moves, and when the second pressing portion is positioned close to the first
pressing portion, the sealing member is configured to be sandwiched between the first
pressing portion and the second pressing portion.

[0007]

Under a state where the second pressing portion is positioned close to the first
pressing portion, and the sealing member is sandwiched between the first pressing portion
and the second pressing portion, pressure of the operating fluid may be applied to the
sealing member.

[0008]

The drive member may include a piston. The casing may include a bonnet and an
actuator cap connected to the bonnet. The sealing member may be disposed to be
sandwiched between the bonnet and the piston in a direction perpendicular to a moving
direction of the piston. An outer end portion of the piston may function as the second
pressing portion. An end portion of the actuator cap may function as the first pressing
portion. The sealing member may be configured to be sandwiched between the end
portion of the actuator cap and the outer end portion of the piston.

[0009]

A valve device according to one embodiment of the present invention includes a body
having a flowing passage; and the above actuator attached to the body and configured to
open and close the flowing passage.

[Advantageous Effects of Invention]

[0010]

The present invention provides the actuator and the valve device capable of
suppressing the deterioration in the sealing property of the O-ring even if used in a high-
temperature environment for a long period of time.

[Brief Description of Drawings]

[0011]

[Fig. 1] Fig. 1 is a partial cross-sectional view of a valve device in a closed state
according to one embodiment.

[Fig. 2] Fig. 2 is a partial cross-sectional view of the valve device in an open state.

[Fig. 3] Fig. 3(a) is an enlarged view of one portion of the valve device shown in Fig.



1, surrounded by a dotted line L1, and Fig. 3(b) is an enlarged view of one portion of the
valve device shown in Fig. 2, surrounded by a dotted line L2.
[Description of Embodiment]

[0012]

The valve device according to one embodiment in the present disclosure will be
described with reference to the drawings.

[0013]

Fig. 1 shows a partial cross-sectional view of a valve device 1 in a closed state
according to the present embodiment. The valve device 1 according to the present
embodiment is a diaphragm valve device.

[0014]

The valve device 1 is, for example, a diaphragm valve device, and includes a body 2
and an actuator 3. In the description below, the side of the actuator 3 in the valve device
1 is designated as an upper side, while the side of the body 2 in the valve device 1 is
designated as a lower side.

[0015]

The body 2 has an inflow passage 2a, an outflow passage 2b, and a valve chamber
not illustrated, and the valve chamber not illustrated is equipped with a diaphragm serving
as a valve element.

[0016]

The actuator 3 includes a bonnet 5, an actuator cap 6, a diaphragm retainer 7, a stem
8, a piston 9, a compression coil spring 10, and O-rings 4A to 4C.

[0017]

The bonnet 5 has a substantially cylindrical shape, and has a lower portion 5A, an
intermediate portion 5B, and an upper portion 5C. The bonnet 5 is fixed to the body 2
by inserting the lower portion 5A into the body 2 and screwing the lower portion 5A into
the body 2. The lower portion 5A has a first through hole 5d.

[0018]

The intermediate portion 5B is positioned on an upper side of the lower portion 5A,
and the intermediate portion 5B has a hexagonal prismatic shape. The intermediate
portion 5B has a second through hole 5e.  An inner diameter of the second through hole
Se is smaller than an inner diameter of the first through hole 5d. A protruding portion
SF extending inward into the second through hole 5e is provided at an upper end portion
of the intermediate portion 5B. In the second through hole 5e, an inner diameter of the
protruding portion 5F is smaller than an inner diameter of the remaining portion.

[0019]



The upper portion 5C is positioned on an upper side of the intermediate portion 5B,
and is provided so as to extend outward beyond the intermediate portion SB. The upper
portion 5C has a third through hole 5g. An inner diameter of the third through hole 5g
is larger than the inner diameters of the first through hole 5d and the second through hole
Se.

[0020]

The actuator cap 6 has a substantially lidded cylindrical shape, and has an outer
cylinder portion 6A, an upper lid portion 6B, and an inner cylinder portion 6C. The
actuator cap 6 is fixed to the bonnet 5 by screwing a lower end portion of the outer
cylinder portion 6A onto the upper portion 5C of the bonnet 5. A lower end portion 6A1
of the outer cylinder portion 6A is spaced apart from an upper surface of the intermediate
portion 5B.

[0021]

The upper lid portion 6B is provided so as to cover the upper end of the outer cylinder
portion 6A. The upper lid portion 6B has a screw hole 6d into which a pipe fitting not
illustrated is screwed. The inner cylinder portion 6C is connected to an inner end portion
of the upper lid portion 6B. An axial length of the inner cylinder portion 6C is shorter
than an axial length of the outer cylinder portion 6A. In other words, a lower end of the
inner cylinder portion 6C is positioned above a lower end of the outer cylinder portion
OA.

[0022]

The inner cylinder portion 6C has a fourth through hole 6e communicating with the
screw hole 6d. A lower portion of the fourth through hole 6e is wider in diameter than
an upper portion. In other words, the inner cylinder portion 6C has an inner step portion
6F on an inner peripheral surface thereof. In the fourth through hole 6e, a portion below
the inner step portion 6F is wider in diameter than a portion above the inner step portion
OF.

[0023]

The bonnet 5 and the actuator cap 6 form a housing space 6g which accommodates
the piston 9 and the compression coil spring 10. An air hole 6h which communicates
the outside and the housing space 6g is formed in the outer cylinder portion 6A and the
upper lid portion 6B of the actuator cap 6. The bonnet 5 and the actuator cap 6
correspond to a casing of an actuator.

[0024]

The diaphragm retainer 7 is provided on an upper side of the diaphragm not
illustrated provided in the body 2, and is supported by the lower portion 5A of the bonnet



5 so as to be movable in the vertical direction.

[0025]

The stem 8 is supported by the intermediate portion 5B of the bonnet 5 so as to be
movable in the vertical direction, and is configured to open and close the inflow passage
2a and the outflow passage 2b by moving toward and away from the diaphragm not
illustrated. The stem 8 has a columnar portion 8A and a stem lower portion 8B. The
columnar portion 8A extends throughout an entire vertical length of the intermediate
portion 5B.  The stem lower portion 8B has a bottomed columnar shape, and is fixed to
the columnar portion 8 A by screwing an inner peripheral portion of the stem lower portion
8B onto a lower end portion of the columnar portion 8A. The stem lower portion 8B is
provided so as to cover an outside of the lower end portion of the columnar portion 8A.
An outer diameter of the stem lower portion 8B is slightly smaller than the inner diameter
of the second through hole 5e. An upper end portion 8C of the stem lower portion 8B
and the protruding portion 5F of the intermediate portion 5B face each other in the vertical
direction (the moving direction of the piston 9).

[0026]

The piston 9 is configured integrally with the stem 8 and provided on an upper side
of the stem 8, and is supported by the bonnet 5 and the actuator cap 6 so as to be movable
in the vertical direction. The piston 9 has a base 9A, a lateral protruding portion 9B, and
an upper protruding portion 9C. The base 9A has a substantially cylindrical shape, and
is configured integrally with the stem 8 on a lower surface. The stem 8 and the piston 9
correspond to a drive member.

[0027]

The lateral protruding portion 9B has a circular, substantially dish-like shape, and
protrudes in a direction perpendicular to an axis of the base 9A from a lower end portion
of the base 9A. The lateral protruding portion 9B has a bottom portion 9B1 and a side
wall portion 9B2. The bottom portion 9B1 has a disk shape, and is provided so as to
radially spread from the base 9A toward the upper portion SC. The side wall portion
9B2 has a ring shape, and is provided inside an outer end portion 9B3 of the bottom
portion 9B1. The outer end portion 9B3 of the bottom portion 9B1 and the lower end
portion 6A1 of the outer cylinder portion 6A face each other in the vertical direction (the
moving direction of the piston 9). An end surface of the outer end portion 9B3 is spaced
apart from an inner peripheral surface of the upper portion 5C.

[0028]

The upper protruding portion 9C has a substantially cylindrical shape, and protrudes

upward from an upper surface of the base 9A. An upper portion of the upper protruding



portion 9C is smaller in diameter than a lower portion of the upper protruding portion 9C.
In other words, the upper protruding portion 9C has an outer step portion 9D on an outer
peripheral surface thereof. The outer step portion 9D and the inner step portion 6F face
each other in the vertical direction (the moving direction of the piston 9).

[0029]

A lower surface of the bottom portion 9B1 of the piston 9 and an upper surface of the
intermediate portion 5B of the bonnet 5 define a pressure chamber 9e. The base 9A and
the upper protruding portion 9C of the piston 9 have an operating fluid inlet passage 9f
extending from an upper end thereof to the pressure chamber 9e.

[0030]

The compression coil spring 10 is disposed between a lower surface of the upper lid
portion 6B of the actuator cap 6 and an upper surface of the bottom portion 9B1 of the
piston 9, and constantly biases the piston 9 downward.

[0031]

The O-ring 4A is disposed so as to be sandwiched between the intermediate portion
5B of the bonnet 5 and the stem 8 in a direction perpendicular to the vertical direction,
and is positioned between the protruding portion S5F of the intermediate portion 5B and
the upper end portion 8C of the stem lower portion 8B. The O-ring 4B is disposed so as
to be sandwiched between the upper portion 5SC of the bonnet 5 and the side wall portion
9B2 of the piston 9 in the direction perpendicular to the vertical direction, and is
positioned between the lower end portion 6A1 of the outer cylinder portion 6A and the
outer end portion 9B3 of the bottom portion 9B1. The O-ring 4C is disposed so as to be
sandwiched between the inner cylinder portion 6C of the actuator cap 6 and the upper
protruding portion 9C of the piston 9 in the direction perpendicular to the vertical
direction, and is positioned between the inner step portion 6F of the inner cylinder portion
6C and the outer step portion 9D of the upper protruding portion 9C.

[0032]

The O-rings 4A to 4C seal the pressure chamber 9e. The O-rings 4A to 4C
correspond to ring-shaped sealing members, respectively. The protruding portion S5F of
the intermediate portion 5B, the lower end portion 6A1 of the outer cylinder portion 6A,
and the inner step portion 6F of the inner cylinder portion 6C correspond to first pressing
portions, respectively. The upper end portion 8C of the stem lower portion 8B, the outer
end portion 9B3 of the bottom portion 9B1, and the outer step portion 9D of the upper
protruding portion 9C correspond to second pressing portions, respectively.

[0033]

The opening and closing operation of the valve device 1 according to the present



embodiment will be described, next.

[0034]

Fig. 2 is a partial cross-sectional view of the valve device 1 in an open state.

[0035]

As shown in Fig. 1, in the valve device 1 in the closed state, no operating fluid flows
into the pressure chamber 9e, the stem 8 and the piston 9 are at a bottom dead center
(positioned closer to the body 2), due to the biasing force of the compression coil spring
10, and the diaphragm not illustrated is pressed by the diaphragm retainer 7, and thereby
the valve device 1 is in the closed state. In other words, in the normal state (the state
where a driving fluid is not supplied), the valve device 1 is in the closed state.

[0036]

Next, the valve device 1 is brought into the state where an operating fluid flows from
an operating fluid supply source not illustrated to the valve device 1. A driving fluid is
thereby supplied to the valve device 1. The driving fluid flows into the pressure
chamber 9e, via an air tube and a pipe fitting not illustrated, through the operating fluid
inlet passage 9f. When the operating fluid flows into the pressure chamber 9e, the piston
9 rises against the biasing force of the compression coil spring 10. As shown in Fig. 2,
the stem 8 thereby moves to a top dead center (to separate from the body 2), the diaphragm
retainer 7 moves upward due to the elastic force of the diaphragm not illustrated and the
pressure of the fluid (gas), and the inflow passage 2a and the outflow passage 2b
communicate with each other, and thereby the valve 1 becomes in the open state.

[0037]

In order to shift the valve device 1 from the open state to the closed state, a three-
way valve device not illustrated is switched to allow the operating fluid to discharge from
the actuator 3 of the valve device 1 to the outside. This discharges the driving fluid
inside the pressure chamber 9¢ to the outside via the operating fluid inlet passage 9f. As
a result, the stem 8 and the piston 9 move to the bottom dead center due to the biasing
force of the compression coil spring 10, and thereby the valve device 1 becomes in the
closed state (Fig. 1).

[0038]

Fig. 3(a) is an enlarged view of one portion of the valve device 1 shown in Fig. 1,
surrounded by the dotted line L1, and Fig. 3(b) is an enlarged view of one portion of the
valve device 1 shown in Fig. 2, surrounded by the dotted line L2.

[0039]

As shown in Fig. 3(a), when the valve device 1 is in the closed state, the piston 9 is

positioned at the bottom dead center, and the distance between the lower end portion 6A 1



of the outer cylinder portion 6A and the outer end portion 9B3 of the bottom portion 9B1
is larger than the vertical width (wire diameter) of the O-ring 4B. In other words, the
lower end portion 6A1 of the outer cylinder portion 6A and the outer end portion 9B3 of
the bottom portion 9B1 are spaced apart from the O-ring 4B, respectively.

[0040]

As shown in Fig. 3(b), when the valve device 1 is in the open state, the piston 9 is
positioned at the top dead center, and the distance between the lower end portion 6A1 of
the outer cylinder portion 6A and the outer end portion 9B3 of the bottom portion 9B1 is
smaller than the vertical width (wire diameter) of the O-ring 4B. In other words, the
lower end portion 6A1 of the outer cylinder portion 6A and the outer end portion 9B3 of
the bottom portion 9B1 are in contact with the O-ring 4B and press against the O-ring 4B,
respectively.

[0041]

Accordingly, even if lubricating oil evaporates, the O-ring 4B is degraded due to heat,
and the O-ring 4B is worn due to sliding when the valve device 1 is used in a high-
temperature environment for a long period of time, the O-ring 4B is sandwiched between
the lower end portion 6Alof the outer cylinder portion 6A and the outer end portion 9B3
of the bottom portion 9B1 when the pressure chamber 9e is supplied with the operating
fluid. Asaresult, the O-ring 4B is deformed in the direction perpendicular to the vertical
direction due to the elasticity, thereby suppressing the deterioration in the sealing property
of the O-ring 4B.

[0042]

As shown in Fig. 1, when the valve device 1 is in the closed state, the piston 9 is
positioned at the bottom dead center, the distance between the protruding portion 5F of
the intermediate portion 5B and the upper end portion 8C of the stem lower portion 8B is
larger than the vertical width (wire diameter) of the O-ring 4A, and the distance between
the inner step portion 6F of the inner cylinder portion 6C and the outer step portion 9D of
the upper protruding portion 9C is larger than the vertical width (wire diameter) of the O-
ring 4C. In other words, the protruding portion S5F of the intermediate portion 5B and
the upper end portion 8C of the stem lower portion 8B are spaced apart from the O-ring
4A, respectively, and the inner step portion 6F of the inner cylinder portion 6C and the
outer step portion 9D of the upper protruding portion 9C are spaced apart from the O-ring
4C, respectively.

[0043]

As shown in Fig. 2, when the valve device 1 is in the open state, the piston 9 is
positioned at the top dead center, the distance between the protruding portion 5F of the



intermediate portion 5B and the upper end portion 8C of the stem lower portion 8B is
smaller than the vertical width (wire diameter) of the O-ring 4A, and the distance between
the inner step portion 6F of the inner cylinder portion 6C and the outer step portion 9D of
the upper protruding portion 9C is smaller than the vertical width (wire diameter) of the
O-ring 4C. In other words, the protruding portion 5F of the intermediate portion 5B and
the upper end portion 8C of the stem lower portion 8B are in contact with the O-ring 4A
and press against the O-ring 4A, respectively, while the inner step portion 6F of the inner
cylinder portion 6C and the outer step portion 9D of the upper protruding portion 9C are
in contact with the O-ring 4C and press against the O-ring 4C, respectively.

[0044]

Accordingly, when the pressure chamber 9e is supplied with the operating fluid, the
O-ring 4A is sandwiched between the protruding portion 5F of the intermediate portion
5B and the upper end portion 8C of the stem lower portion 8B, while the O-ring 4C is
sandwiched between the inner step portion 6F of the inner cylinder portion 6C and the
outer step portion 9D of the upper protruding portion 9C. As a result, the O-rings 4A,
4C are deformed in the direction perpendicular to the vertical direction due to the
elasticity, thereby suppressing the deterioration in the sealing properties of the O-rings
4A, 4C.

[0045]

As shown in Fig. 3(b), the pressure of the operating fluid is applied upward to the O-
ring 4B under the state where the O-ring 4B is sandwiched between the lower end portion
6A1 of the outer cylinder portion 6A and the outer end portion 9B3 of the bottom portion
9B1. The O-ring 4B is deformed in the direction perpendicular to the vertical direction
due to the elasticity also when subjected to the pressure of the operating fluid as described
above, thereby further suppressing the deterioration in the sealing property of the O-ring
4B.

[0046]

The upper portion of the O-ring 4B is pressed by the lower end portion 6A1 of the
outer cylinder portion 6A of the actuator cap 6. As described above, the existing
configuration allows the O-ring 4B to be pressed, and accordingly the actuator 3 in the
present embodiment is easily provided.

[0047]

The present disclosure is not limited to the above-described embodiment. A person
skilled in the art may make various additions and changes within the scope of the present
disclosure.

[0048]



For example, the stem lower portion 8B, which is screwed and connected to the
columnar portion 8A in the above-described embodiment, may be connected by fitting,
or may be connected using a C-ring. Alternatively, the stem lower portion 8B may be
connected to the cylindrical portion 8 A using welding or set screws.

[Reference Signs List]

[0049]

l: valve device

2: body

3: actuator

4At0 4C: O-ring

5: bonnet

SF: protruding portion
6: actuator cap

6A1: lower end portion
6F: inner step portion
8: stem

8C: upper end portion
9: piston

9B3: outer end portion
9D: outer step portion
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[Claims]
[Claim 1]

An actuator comprising;:

a casing including a first pressing portion;

a drive member including a second pressing portion, the drive member being
provided in the casing, the drive member forming a pressure chamber along with the
casing, the drive member being driven by an operating fluid flowing from outside; and

a sealing member disposed to be sandwiched between the casing and the drive
member in a direction perpendicular to a moving direction of the drive member, the
sealing member having a ring-shape and sealing the pressure chamber,

wherein the first pressing portion and the second pressing portion face each other in
the moving direction of the drive member,

the sealing member is positioned between the first pressing portion and the second
pressing portion, and

the second pressing portion moves toward and away from the first pressing portion
as the drive member moves, and when the second pressing portion is positioned close to
the first pressing portion, the sealing member is configured to be sandwiched between the
first pressing portion and the second pressing portion.

[Claim 2]

The actuator according to claim 1, wherein under a state where the second pressing
portion is positioned close to the first pressing portion, and the sealing member is
sandwiched between the first pressing portion and the second pressing portion, pressure
of the operating fluid is applied to the sealing member.

[Claim 3]

The actuator according to claim 1 or 2, wherein

the drive member includes a piston,

the casing includes a bonnet and an actuator cap connected to the bonnet,

the sealing member is disposed to be sandwiched between the bonnet and the piston
in a direction perpendicular to a moving direction of the piston,

an outer end portion of the piston functions as the second pressing portion,

an end portion of the actuator cap functions as the first pressing portion, and

the sealing member is configured to be sandwiched between the end portion of the
actuator cap and the outer end portion of the piston.

[Claim 4]
A valve device comprising:

a body having a flowing passage; and
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the actuator according to any one of claims 1 to 3, the actuator attached to the body

and configured to open and close the flowing passage.
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