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Description

Title of the Invention SWITCHING VALVE

Technical Field

[0001] The present invention relates to a switching
valve used for a fluid control device mounted in, for
example, an analyzer system for analyzing constituents of

a fluid such as gas.

Background Art

[0002] Patent Literature 1 shows in Fig. 4 (Fig. 6 in
the present description) and in Fig. 8 (Fig. 7 in the
present description) a known steam selector. The steam
selector is roughly composed of a module body (33), a valve
spindle (86), a valve body (58), and a piston (59).
[0003] In such a switching valve, the valve spindle
(86) 1is moved up and down by the piston (59). When the
valve spindle (86) is pushed down, a seal plug (99)
disposed in the valve element formed at the lower portion
of the valve spindle comes into close contact with a
front-side valve seat (104) of a left-side valve to enter
a closed state in which a fluid cannot get into a fluid
control chamber (50). When the valve spindle (86) is
pushed up, a back-side seal plug (98) comes into close
contact with a back-side valve seat to enter an open state
in which a fluid inside the fluid control chamber (50) is
sent to the control chamber (50) on the right, passes

through a flow passage (26), and is discharged outside the
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switching valve.

[0004] Arranging multiple steam selectors with such
a structure and sending a large number of types of gases
being switched swiftly to an analysis device allow an

efficient analysis.

Citation List
[0005] Patent Literature

Patent Literature 1: U.S. Patent No. 6,619,321

Summary of Invention

Technical Problem

[0006] As shown in Fig. 7, Patent Literature 1
discloses a switching valve in which the front-side seal
plug (99) and the back-side seal plug (98) are attached
to the valve element of the valve spindle (86) by caulking.
[0007] The valve spindle with this structure requires
caulking at two locations while being centered at the time
of manufacturing the wvalve spindle. At this time,
caulking must be done after a long valve spindle 1is
machined into a required shape. In addition, each
caulking must be done while centering is performed.
Therefore, the machining is difficult, and in addition,
performing this operation on the valve element located at
the distal end portion of a long valve stem of the valve
spindle causes the centering operation to become more
difficult.

[0008] When the centering of the two seal plugs is not

performed sufficiently, uneven wear, which is the cause
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of a leak of the fluid, 1is caused at either of the seal
plugs when the seal plug is brought into close contact with
the valve seat. As a result, the life of the seal plug
shortens and the valve spindle must be replaced
frequently.

[0009] In addition, because there is no structure
having a function of guiding the valve element when the
valve spindle is moved up and down by the piston, moving
the valve spindle up and down generates runouts of the
valve stem of the valve spindle, which encourages uneven
wear of the seal plug disposed at the distal end of the
valve spindle.

[0010] An object of the present invention is to change
the structure of the valve seat and a valve contact portion
corresponding to the seal plug, to facilitate the
manufacture of the switching valve, to reduce cost, and

to increase the life of the switching wvalve.

Solution to Problem

[0011] The present invention (1) relates to a
switching valve including: a valve body having a control
space for controlling a fluid; a valve element that moves
within the control space to control the fluid; and a
counter plate that prevents the fluid from flowing upward
out of the control space, the switching wvalve
characterized in that the valve element is provided with
a lower contact portion that comes into contact with a
lower valve seat disposed at the valve body when the valve

is closed and with an upper contact portion that comes into
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contact with an upper valve seat disposed at the counter
plate when the valve is open, the counter plate has a first
recess that is open downward and a second recess that is
open toward the first recess and has a smaller horizontal
cross—-sectional area than that of the first recess, and
the upper valve seat is press-fitted into the second
recess.

[0012] In the conventional switching valve disclosed
in Patent Literature 1, the lower contact portion and the
upper contact portion are attached to the valve element
by caulking, and therefore, there exists a problem that
the valve contact portions must be centered with respect
to each other.

[0013] To reduce time and effort required for
centering the lower and upper contact portions, the
present invention (1) has such a configuration that the
upper valve seat is press-fitted into the counter plate,
and the position of the caulking member is changed from
the valve element side to the counter plate side whereby
the axis of the valve stem and the axis of the upper valve
seat are aligned with each other.

[0014] Because the upper valve seat is configured such
that a member of the upper valve seat is press-fitted into
the recess formed at the counter plate side, which
configuration allows relatively easy machining,
fabrication with a high level of accuracy of machining is
possible and reducing runout is possible.

[0015] With this configuration, adjustment of runout

of the valve element can be accomplished by merely
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adjusting the lower contact portion, which leads to cost
reduction associated with the manufacturing of the valve
spindle. Further, because uneven wear of the valve
contact portion does not occur, the life of the switching
valve is increased.

[0016] The present invention (2) relates to a
switching valve described in the present invention (1),
wherein an intermediate portion between the lower contact
portion and the upper contact portion is provided with a
guide portion, and a side surface of the first recess is
circumscribed on the guide portion.

[0017] The guide portion provided at the intermediate
portion between lower contact portion and the upper
contact portion in accordance with the present invention
(2) is in contact with an inner wall of the first recess
of the counter plate.

[0018] The guide portion of the valve element is guided
along the inner wall of the first recess of the counter
plate fixed to the valve body, whereby the valve element
moves. Because of this configuration, runout of the axis
of the valve spindle is reduced and uneven wear of the upper
contact portion is prevented, which leads to a further
increase of the life of the switching valve.

[0019] The present invention (3) relates to a
switching valve described in the present invention (2),
wherein a gap is provided between the side surface of the
first recess and a side surface of the guide portion.
[0020] The shape of the horizontal cross section of

the first recess is a circle, and the shape of the
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horizontal cross section of the guide portion is a polygon.
The circle of the horizontal cross section of the first
recess is circumscribed on the polygon of the horizontal
cross section of the guide portion. Into the vent space
located above the control space, the fluid flows through
the gap between the circle and the side of the polygon while
the valve element moves. In the case of an open state in
which the upper valve seat and the upper contact portion
do not contact with each other, the control space is in

communication with the vent space.

Advantageous Effects of Invention

[0021] With this switching valve, manufacturing
thereof is possible while runout of the valve seat and the
valve element being reduced, and therefore, manufacturing
thereof is facilitated and the cost is reduced. In addition,
because uneven wear of the valve contact portion can be
prevented, the life of the switching wvalve can be

increased.

Brief Description of Drawings
[0022] Fig. 1 is a longitudinal sectional view showing
an embodiment of a switching valve module in which a
switching valve in accordance with the present invention
is mounted, which shows a state when the valve is closed.
Fig. 2 is a longitudinal sectional view showing an
embodiment of the switching wvalve module in which the
switching valve in accordance with the present invention

is mounted, which shows a state when the valve is open.
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Fig.

3 is a longitudinal sectional view showing an

embodiment of the valve body of the switching wvalve in

accordance with the present invention.

Fig.

4 is a longitudinal sectional view showing an

embodiment of an upper valve seat and a counter plate of

the switching valve in accordance with the present

invention

Fig. 5 is a horizontal sectional view showing a guide

portion and the counter plate of the switching valve in

accordance with the present invention.

Fig.

6 1is a longitudinal sectional view of a

conventional switching wvalve.

Fig.

7 is a longitudinal sectional view of a valve

spindle for use in a conventional switching valve.

Description of Embodiments

[0023]

The embodiments of the present invention will

be hereinafter described in detail by example with

reference to the accompanying drawings. The dimensions,

materials, shapes, and relative arrangements, and the 1like,

of the components described in the embodiments, and

manufacturing conditions thereof are not given for the

purpose of restricting the scope of the present invention,

but are merely examples for illustration, unless specified

otherwise.

[0024]

As shown in Fig.

1, the switching valve module

(10), to which a switching valve in accordance with the

present invention is mounted, consists of a valve body (11)

and a base

(50) .
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[0025] The valve body (11) includes a valve spindle
(20), a counter plate (30), an actuator body (44), apiston
(40), a cylindrical body portion (41), a spring (43), a
lid (61), and a bolt (62). In addition, the wvalve body
includes O-rings. Each of the area between the components
which is needed for sealing is sealed with the O-ring. 1In
the drawings, the O-ring is shown as a black ellipse with
no reference numbers.

[0026] The base (50) includes an analyzer gas inlet
(51), a driver gas inlet (58), a vent line (53), and an
analyzer gas outlet (57), each of which has an opening.
In addition, the base (50) includes therein an analyzer
gas inflow passage (52), a vent line communicating passage
(54), a driver gas inflow passage (59), an analyzer gas
migration passage (55), and an analyzer gas outflow
passage (56). Arrows shown in the drawings indicate the
direction in which gases flow. The left side of Fig. 1 is
referred to as “left”, and the right side of Fig. 1 is
referred to as “right”.

[0027] As shown in Fig. 3, each of left and right
portions of the valve body (11) is providedwith, beginning
at the bottom, a control space (31), a vent space (60),
and a drive space (42). In the control space (31), the
counter plate (30) is accommodated and is fixed to the
valve body (11).

[0028] In the vent space (60), the actuator body (44)
is accommodated and is fixed to the valve body (11). In
the drive space (42), the cylindrical body portion (41)

of the actuator body (44) is accommodated and is fixed to
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the valve body (11). Inside the cylindrical body portion
(41), the piston (40) is movably accommodated.

[0029] The valve body (11) has an upper end surface
that is covered with a 1lid (61) so as to close the drive
space (42). The 1lid (61l) is fixed to the valve body (11)
with bolts (62).

[0030] Each of the counter plate (30), the actuator
body (44), the piston (40), and the 1id (61) has a through
hole (34) that is concentric with each other. The valve
spindle (20) has a valve stem (21) that penetrates the
through holes (34) of the counter plate (30), the actuator
body (44), the piston (40), and the 1lid (61).

[0031] The valve spindle (20) consists of the valve
stem (21) and a valve element (22). The valve element (22)
is provided with, beginning at the top, an upper contact
portion (25), a guide portion (23), and a lower contact
portion (24). The lower contact portion (24) is a member
(a disc-shaped seal member) that is separate from the upper
contact portion (25), and is fixed by caulking.

[0032] The axial length of the valve spindle (20) may
be adjusted such that the upper end surface of the valve
stem (21) does not protrude upward from the 1id (61) when
the switching valve is in a closed state and that the upper
end surface of the valve stem (21) protrudes upward from
the 1id (61) when the switching valve is in an open state.
With this configuration, whether the switching valve is
in the closed state or in the open state can be visually
confirmed.

[0033] As shown in Fig. 4 in an enlarged manner, the
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counter plate (30) is provided with: a first recess (32)
that is open downward; and a second recess (33) that is
open toward the first recess (32) and has a smaller
horizontal cross-sectional area than that of the first
recess (32).

[0034] Into the second recess (33) of the counter plate
(30), an upper valve seat (35) is press-fitted.

[0035] The press-fitted upper valve seat (35) has an
annular shape, and is provided with, at a middle portion
thereof, a through hole into which the valve spindle (20)
is to be inserted.

[0036] The switching valve module (10) in which the
switching valve is mounted is normally in a closed state.
To be more specific, the piston (40) that is urged by the
spring (43) moves the valve spindle (20) downward and the
lower contact portion (24) comes into close contact with
a lower valve seat (12) formed at a lower portion of the
valve body (11), whereby inflow of the analyzer gas coming
from the analyzer gas inflow passage (52) is interrupted
to achieve the closed state.

[0037] As a step of sending the analyzer gas from the
analyzer gas inlet (51) through the switching valve module
(10) to an analysis device, there are two cases, which are:
a case where the vent line (53) is first connected to a
vacuum pump or the like (not shown), and with this
configuration an inside gas is evacuated; and a case where
a part of the vent line is open to the air. The vent line
(53) communicates with the vent space (60) via the wvent

line communicating passage (54). In the case of
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evacuation to be conducted, the gas inside the vent space
(60) is evacuated. 1In the case of being open to the air,
the condition through the vent space (60) is the same as
that in the air.

[0038] In the switching valve at the left, the analyzer
gas outlet (57) also serves as a vent line.

[0039] Next, the driver gas is sent from the driver
gas inlet (58) through the driver gas inflow passage (59)
to the drive space (63), whereby internal pressure of the
drive space (63) is increased to push up the piston (40).
[0040] With an elevation of the piston (40), the valve
spindle (20) fixed to the piston (40) moves upward. The
lower contact portion (24) moves away from the lower valve
seat (12) whereby the analyzer gas fills up the control
space (31). The upper contact portion (25) comes into
close contact with the upper valve seat (35) to stop the
outflow of the analyzer gas to the vent space (60). Fig.
2 shows a state in which the upper contact portion (25)
is in close contact with the upper valve seat (35).
[0041] Because the analyzer gas is continuously sent
further, the analyzer gas passes through the control space
(31) and the analyzer gas migration passage (55) to enter
the adjacent control space (31), passes through the
analyzer gas outflow passage (56), and flows out from the
analyzer gas outlet (57) to be sent to the analysis device.
[0042] Fig. 4 shows the counter plate (30) and the
upper valve seat (35) being separated fromeach other. The
counter plate (30) is provided with a first recess (32)

and a second recess (33) that are both open downward, and

11



10

15

20

25

the upper valve seat (35) is press-fitted into the second
recess (33).

The second recess (33) and the upper valve seat (35)
are formed with great accuracy through machine work and
the like, and therefore the upper valve seat (35) has
almost no runout.

[0043] Fig. 5A shows the counter plate (30) and the
guide portion (23) in horizontal cross section. 1In this
example, the cross section of the guide portion (23) is
a regular hexagon, but it is not limited to a regular
polygon. Because the vertexes of the regular polygon
serve as guides for guiding the side surface of the first
recess (32), the horizontal deviation of the axis of the
valve element (22) is suppressed even when the valve
spindle (20) moves vertically, which contributes to the
further suppression of the runout.

[0044] As shown in Fig. 5B which shows another
embodiment, the horizontal cross section of the guide
portion (23) is not a polygon, but a circle in which a
recessed portion (groove) or a hole may be provided at any
location. The gap thus formed may be configured in any
shape or structure as long as it serves as a flow passage
for communicating with the vent space (60), which is an
upper space above the control space (31), the first recess
(32), and the counter plate (30). As such, the gap may
be provided with a recess at the counter plate (30) side.
[0045] In order to avoid the pressure to be applied
to only a portion of the valve element (22), it is

preferable that the groove or the like provided in the

12
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guide portion (23) or the counter plate (30) for
communication is configured such that the pressure is
applied evenly to the entire valve element (22).

[0046] The shapes shown Fig. 5A and Fig. 5B are merely
examples, and therefore the shape of the horizontal cross
section is not limited to these shapes.

[0047] As described above, the guide portion (23)
serves as a component to prevent runout of the valve
element (22), and at the same time, in the case where the
vent line (53) is evacuated, it is possible to evacuate,
before the analyzer gas being passed, a gas not only in
the vent space (60), which is an upper space located above
the control space (31), the first recess (32), and the
counter plate (30), but also in the analyzer gas migration
passage (55).

[0048] In addition, it is possible to facilitate
switching gases to be passed among many types of gases by
using a plurality of the switching valve modules (10),
including the switching valves 1in accordance with the

present invention, being connected to one another.

Reference Signs List

[0049] 10: switching valve module
11: valve body

12: lower valve seat

20: valve spindle

21: valve stem

22: valve element

23: guide portion

13
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24:
25:
30:
31:
32:
33:
34:
35:
40:
41:
42 :
43:
44:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:

lower contact portion

upper contact portion
counter plate

control space

first recess

second recess

through hole

upper valve seat

piston

cylindrical body portion
drive space

spring

actuator body

base

analyzer gas inlet

analyzer gas inflow passage
vent line

vent line communicating passage
analyzer gas migration passage
analyzer gas outflow passage
analyzer gas outlet

driver gas inlet

driver gas inflow passage
vent space

1id

bolt

drive space

14
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Claims

1. A switching valve comprising:

a valve body having a control space for controlling
a fluid;

avalve element configured to move within the control
space to control the fluid; and

a counter plate configured to prevent the fluid from
flowing upward out of the control space,

the switching valve characterized in that the valve
element is provided with a lower contact portion
configured to come into contact with a lower valve seat
disposed at the valve body when the valve is closed and
with an upper contact portion configured to come into
contact with an upper valve seat disposed at the counter
plate when the valve 1is open,

the counter plate has a first recess that is open
downward and a second recess that is open toward the first
recess and has a smaller horizontal cross—-sectional area
than that of the first recess, and

the upper valve seat is press-fitted into the second

recess.

2. The switching valve according to claim 1, wherein
an intermediate portion between the lower contact portion
and the upper contact portion is provided with a guide
portion, and a side surface of the first recess 1is

circumscribed on the guide portion.

15



3. The switching valve according to claim 2, wherein
a gap 1is provided between the side surface of the first

recess and a side surface of the guide portion.
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