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An electromagnetic valve includes a valve casing, which has
avalve hole, a spool valve in the valve hole, first and second
output ports each communicating with the valve hole, first
and second pressure introduction holes, which respectively
communicate with the first and second output ports, first and
second pressure sensors, which is respectively fitted in the
first and second pressure introduction holes, sealing mem-
bers, which are arranged between the respective pressure
sensors and the pressure introduction holes, first and second
substrates, on which the corresponding first and second
pressure sensors are mounted, and a housing, which accom-
modates the first and second substrates, has the first and
second pressure introduction holes, and is attached to the
valve casing. The first and second substrates are arranged to
be opposed to each other in a state of being upright in a
direction perpendicular to the movement direction of the
spool valve.
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ELECTROMAGNETIC VALVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims all benefits accruing under
35 US.C. § 119 from Japanese Patent Application No.
2016-218136, filed Nov. 8, 2016 in the Japan Patent Office,
the content of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an electromagnetic
valve.
[0003] An electromagnetic valve includes a valve casing,

which has a valve hole, a spool valve, which is accommo-
dated in the valve hole in a reciprocally movable manner, a
supply port, a first output port, a second output port, and a
discharge port. The supply port, the first output port, the
second output port, and the discharge port communicate
with the valve hole. The spool valve reciprocates in the valve
hole to switch between a first switching position and a
second switching position. When the spool valve is located
at the first switching position, the supply port and the first
output port communicate with each other and the second
output port and the discharge port communicate with each
other. When the spool valve is located at the second switch-
ing position, the supply port and the second output port
communicate with each other and the first output port and
the discharge port communicate with each other.

[0004] For the electromagnetic valve, as disclosed in Japa-
nese Patent No. 4072756, for example, there is a method that
uses pressure sensors to detect the operating state of the
spool valve. In the electromagnetic valve of the aforemen-
tioned publication, a first pressure sensor and a second
pressure sensor are mounted on a single substrate. The first
pressure sensor is fitted in a first pressure introduction hole,
which communicates with the first output port. A first sealing
member is arranged between the first pressure sensor and the
first pressure introduction hole. The first sealing member
thus prevents leakage of fluid from between the first pressure
sensor and the first pressure introduction hole. The first
pressure sensor detects the pressure of the fluid output from
the first output port. Similarly, the second pressure sensor is
fitted in a second pressure introduction hole, which com-
municates with the second output port. A second sealing
member is arranged between the second pressure sensor and
the second pressure introduction hole. The second sealing
member thus prevents leakage of fluid from between the
second pressure sensor and the second pressure introduction
hole. The second pressure sensor detects the pressure of the
fluid output from the second output port.

[0005] In the electromagnetic valve of the aforementioned
publication, the single substrate, on which the first and
second pressure sensors are mounted, is arranged such that
the first pressure sensor and the second pressure sensor are
fitted in the first pressure introduction hole and the second
pressure introduction hole, respectively. Therefore, errors
exist in the distance between the first pressure sensor and the
second pressure sensor and in the distance between the first
pressure introduction hole and the second pressure introduc-
tion hole, the axis of each of the first and second pressure
sensors may be offset from the axis of the associated one of
the first and second pressure introduction holes. This lowers
the sealing performance of the first and second sealing
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members. Also, when the first pressure sensor and the
second pressure sensor are mounted on a single substrate,
the substrate has an enlarged planar size. This enlarges the
size of the electromagnetic valve in the planar direction of
the substrate. Additionally, improvement in the ease of
maintenance of the electromagnetic valve is desired.

SUMMARY OF THE INVENTION

[0006] Accordingly, it is an objective of the present inven-
tion to provide an electromagnetic valve that enhances the
sealing performance of a first sealing member and a second
sealing member, has a reduced size, and improves the ease
of maintenance.

[0007] To achieve the foregoing objective and in accor-
dance with one aspect of the present invention, an electro-
magnetic valve is provided that includes a valve casing, a
spool valve, a supply port, a first output port, a second output
port, a discharge port, a first pressure introduction hole, a
second pressure introduction hole, a first pressure sensor, a
second pressure sensor, a first sealing member, a second
sealing member, a first substrate, a second substrate, a
housing. The valve casing has a valve hole. The spool valve
is accommodated in the valve hole in a reciprocally movable
manner. The supply port, the first output port, the second
output port, and the discharge port each communicate with
the valve hole. The first pressure introduction hole commu-
nicates with the first output port. The second pressure
introduction hole communicates with the second output port.
The first pressure sensor is fitted in the first pressure intro-
duction hole and is configured to detect a pressure of a fluid
output from the first output port. The second pressure sensor
is fitted in the second pressure introduction hole and is
configured to detect a pressure of a fluid output from the
second output port. The first sealing member is arranged
between the first pressure sensor and an inner wall surface
of the first pressure introduction hole. The second sealing
member is arranged between the second pressure sensor and
an inner wall surface of the second pressure introduction
hole. The first pressure sensor is mounted on the first
substrate. The second pressure sensor is mounted on the
second substrate. The housing accommodates the first sub-
strate and the second substrate, has the first pressure intro-
duction hole and the second pressure introduction hole, and
is attached to the valve casing. The first substrate and the
second substrate are arranged to be opposed to each other in
a state of being upright in a direction perpendicular to a
movement direction of the spool valve.

[0008] Other aspects and advantages of the present inven-
tion will become apparent from the following description,
taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with objects and advan-
tages thereof, may best be understood by reference to the
following description of the presently preferred embodi-
ments together with the accompanying drawings in which:

[0010] FIG. 1 is a perspective view showing an electro-
magnetic valve according to one embodiment;

[0011] FIG. 2 is a plan view showing the electromagnetic
valve of FIG. 1;
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[0012] FIG. 3 is a cross-sectional view showing a state in
which the spool valve of the electromagnetic valve of FIG.
1 is located at the first switching position;

[0013] FIG. 4 is a cross-sectional view showing a state in
which the spool valve of the electromagnetic valve of FIG.
1 is located at the second switching position;

[0014] FIG. 51is an enlarged cross-sectional view showing
a section of the electromagnetic valve of FIG. 3;

[0015] FIG. 6 is a cross-sectional view showing the mov-
able range of the first cover member and the movable range
of the second cover member of the electromagnetic valve of
FIG. 1,

[0016] FIG. 7 is a perspective view showing an electro-
magnetic valve according to another embodiment;

[0017] FIG. 8 is an exploded perspective view showing
the electromagnetic valve of FIG. 7; and

[0018] FIG. 9 is a side view showing a state in which the
second cover member is operated using an operation mem-
ber of the electromagnetic valve of FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] An electromagnetic valve 10 according to one
embodiment will now be described with reference to FIGS.
1to 6.

[0020] With reference to FIGS. 1 and 2, the electromag-
netic valve 10 includes a valve casing 11, a first pilot valve
portion V1, and a second pilot valve portion V2. The valve
casing 11 is shaped substantially as a rectangular parallel-
epiped. The first pilot valve portion V1 is arranged at a first
end in the longitudinal direction of the valve casing 11. The
second pilot valve portion V2 is arranged at a second end in
the longitudinal direction of the valve casing 11.

[0021] As shown in FIG. 3, the valve casing 11 has a valve
body 12, which is shaped substantially as a rectangular
parallelepiped, a first piston body 13, and a second piston
body 14. The first piston body 13 and the second piston body
14 are joined to a first end and a second end in the
longitudinal direction of the valve body 12, respectively.
The valve body 12 has a valve hole 15. The valve hole 15
extends in the longitudinal direction of the valve body 12. A
spool valve 16 is accommodated in the valve hole 15 in a
reciprocally movable manner.

[0022] The valve body 12 has a supply port P, a first output
port A, a second output port B, a first discharge port R1, and
a second discharge port R2, each of which communicates
with the valve hole 15. The supply port P, the first output port
A, the second output port B, the first discharge port R1, and
the second discharge port R2 are aligned sequentially in the
order of the first discharge port R1, the first output port A,
the supply port P, the second output port B, and the second
discharge port R2 from the first end toward the second end
in the longitudinal direction of the valve body 12. The
electromagnetic valve 10 of the present embodiment
includes at least one discharge port. The supply port P, the
first output port A, the second output port B, the first
discharge port R1, and the second discharge port R2 each
have an inner end, which communicates with the valve hole
15, and an outer end, which opens in a side surface (the
bottom surface) of the valve body 12.

[0023] A first piston 17a is arranged at a first axial end of
the spool valve 16 in the axial direction. The valve casing 11
has a first piston chamber 18, in which the first piston 17a
is accommodated. The first piston chamber 184 is defined by
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a first end face in the longitudinal direction of the valve body
12 and a recess 13a of the first piston body 13. In the first
piston chamber 184, the first piston 17a defines a first pilot
pressure acting chamber 19a.

[0024] A second piston 175 is arranged at a second axial
end of the spool valve 16 in the axial direction. The valve
casing 11 has a second piston chamber 185, in which the
second piston 175 is accommodated. The second piston
chamber 185 is defined by a second end face in the longi-
tudinal direction of the valve body 12 and a recess 14a of the
second piston body 14. In the second piston chamber 185,
the second piston 175 defines a second pilot pressure acting
chamber 195.

[0025] The first pilot valve portion V1 includes a first
electromagnetic driving portion S1, which controls pilot
pressure. The first pilot valve portion V1 is a publicly known
electromagnetic valve that opens when the first electromag-
netic driving portion S1 is energized and closes when the
first electromagnetic driving portion S1 is de-energized. The
second pilot valve portion V2 includes a second electro-
magnetic driving portion S2, which controls pilot pressure.
The second pilot valve portion V2 is a publicly known
electromagnetic valve that opens when the second electro-
magnetic driving portion S2 is energized and closes when
the second electromagnetic driving portion S2 is de-ener-
gized. The electromagnetic valve 10 of the present embodi-
ment is a double-solenoid type, which has the first pilot
valve portion V1 and the second pilot valve portion V2.
[0026] When the first electromagnetic driving portion S1
is energized and the second electromagnetic driving portion
S2 is de-energized, the first pilot valve portion V1 opens and
the second pilot valve portion V2 closes. This supplies pilot
fluid to the first pilot pressure acting chamber 19a as the
pilot pressure. Meanwhile, the pilot fluid in the second pilot
pressure acting chamber 195 is discharged to the exterior
through a discharge passage (not shown). Then, the pilot
pressure of the pilot fluid that acts on the first piston 17«
presses the first piston 17a toward the second piston cham-
ber 185, thus moving the spool valve 16 toward the second
piston chamber 184. In this manner, the spool valve 16 is
switched to a first switching position, at which the supply
port P and the first output port A communicate with each
other and the second output port B and the second discharge
port R2 communicate with each other. As a result, com-
pressed air that is supplied from the supply port P as fluid is
output to an actuator (not shown) through the first output
port A.

[0027] Referring to FIG. 4, when the first electromagnetic
driving portion S1 is de-energized and the second electro-
magnetic driving portion S2 is energized, the first pilot valve
portion V1 closes and the second pilot valve portion V2
opens. This supplies pilot fluid to the second pilot pressure
acting chamber 196 and the pilot fluid in the first pilot
pressure acting chamber 19¢ is discharged to the exterior
through a discharge passage (not shown). Then, the pilot
pressure of the pilot fluid that acts on the second piston 175
presses the second piston 175 toward the first piston cham-
ber 184, thus moving the spool valve 16 toward the first
piston chamber 18a. In this manner, the spool valve 16 is
switched to a second switching position, at which the supply
port P and the second output port B communicate with each
other and the first output port A and the first discharge port
R1 communicate with each other. As a result, the com-
pressed air that is supplied from the supply port P is output
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to the actuator through the second output port B. In this
manner, the spool valve 16 is reciprocated by the pilot fluid
that is selectively supplied to and discharged from each of
the first pilot pressure acting chamber 19a and the second
pilot pressure acting chamber 195.

[0028] As shown in FIG. 5, the valve body 12 has a first
communication hole 21a, which communicates with the
valve hole 15. The first communication hole 21a is arranged
to be opposed to the first output port A with the valve hole
15 in between. The first communication hole 21a commu-
nicates with the first output port A through the valve hole 15.
The first communication hole 21a has an inner end, which
communicates with the valve hole 15, and an outer end,
which opens in an upper surface 12a of the valve body 12.
The upper surface 124 is the surface opposite to the bottom
surface of the valve body 12 (which is the surface in which
the outer ends of the ports P, A, B, R1, and R2 open). When
the spool valve 16 is switched to the first switching position
and the supply port P and the first output port A communi-
cate with each other, the compressed air that flows from the
supply port P to the valve hole 15 flows into the first
communication hole 21a.

[0029] The valve body 12 has a second communication
hole 215, which communicates with the valve hole 15. The
second communication hole 215 is arranged to be opposed
to the second output port B with the valve hole 15 in
between. The second communication hole 215 communi-
cates with the second output port B through the valve hole
15. The second communication hole 215 has an inner end,
which communicates with the valve hole 15, and an outer
end, which opens in the upper surface 12a of the valve body
12. When the spool valve 16 is switched to the second
switching position and the supply port P and the second
output port B communicate with each other, the compressed
air that flows from the supply port P to the valve hole 15
flows into the second communication hole 215.

[0030] A plate-shaped spacer 23 is attached to the upper
surface 12a of the valve body 12 through a plate-shaped
gasket 22. The spacer 23 has a first through-hole 234, which
communicates with the first communication hole 21a. The
compressed air that flows in the first communication hole
21a flows into the first through-hole 23a. The spacer 23 has
a second through-hole 2354, which communicates with the
second communication hole 215. The compressed air that
flows in the second communication hole 215 flows into the
second through-hole 235. The gasket 22 prevents leakage of
the compressed air from between the upper surface 12a of
the valve body 12 and the spacer 23.

[0031] A housing 24, which is shaped substantially as a
rectangular parallelepiped, is attached to the opposite side of
the spacer 23 from the valve body 12. The housing 24 is thus
attached to the upper surface 12a of the valve body 12 with
the spacer 23 and the gasket 22 in between. A first substrate
26a, on which a first pressure sensor 25a is mounted, and a
second substrate 265, on which a second pressure sensor 255
is mounted, are accommodated in the housing 24.

[0032] The housing 24 includes a main body 27, which is
shaped substantially as a rectangular parallelepiped. The
main body 27 has a first end face 27a and a second end face
27b at the opposite ends in the movement direction of the
spool valve (the axial direction of the spool valve 16
indicated by arrow X1 in FIG. 5). A first accommodating
recess 28a, in which the first substrate 26a is accommo-
dated, is formed in the first end face 27a. The first substrate
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26a is accommodated in the first accommodating recess 28a
in a state of being upright in a direction perpendicular to the
movement direction of the spool valve 16.

[0033] A bottom surface 29a of the first accommodating
recess 28a extends in the direction perpendicular to the
movement direction of the spool valve 16. A first pressure
introduction hole 30q, in which the first pressure sensor 25a
is fitted, opens in the bottom surface 29a of the first
accommodating recess 28a. That is, the housing 24 has the
first pressure introduction hole 30a. The first pressure intro-
duction hole 304 extends in the movement direction of the
spool valve 16.

[0034] A second accommodating recess 284, in which the
second substrate 265 is accommodated, is formed in the
second end face 275 of the main body 27. The second
substrate 265 is accommodated in the second accommodat-
ing recess 285 in a state of being upright in the direction
perpendicular to the movement direction of the spool valve
16. That is, the first substrate 26a and the second substrate
26b are arranged to be opposed to each other in a state of
being upright in the direction perpendicular to the movement
direction of the spool valve 16.

[0035] A bottom surface 295 of the second accommodat-
ing recess 285 extends in the direction perpendicular to the
movement direction of the spool valve 16. A second pressure
introduction hole 305, in which the second pressure sensor
255 is fitted, opens in the bottom surface 295 of the second
accommodating recess 28b. That is, the housing 24 has the
second pressure introduction hole 3054. The second pressure
introduction hole 305 extends in the movement direction of
the spool valve 16.

[0036] A partition wall 24¢, which separates the first
pressure introduction hole 30a and the second pressure
introduction hole 3056 from each other, is arranged in the
housing 24. The first pressure sensor 254 projects toward the
second substrate 265 and the second pressure sensor 256
projects toward the first substrate 26a. The first pressure
sensor 25a and the second pressure sensor 255, which are
arranged on the opposite sides of the partition wall 24¢, are
aligned in the movement direction of the spool valve 16 and
are opposed to a first surface and a second surface, respec-
tively, of the partition wall 24c.

[0037] The partition wall 24¢ extends in the direction
perpendicular to the movement direction of the spool valve
16. The partition wall 24¢ has an end section that contacts
the spacer 23. The spacer 23 has an outer surface on the side
opposite to the surface of the spacer 23 that contacts the
valve body 12. The end section of the partition wall 24¢
contacts a section of the outer surface of the spacer 23
between the first through-hole 234 and the second through-
hole 235 in the movement direction of the spool valve 16.
[0038] In the housing 24, a first introduction passage 31a
is formed between the partition wall 24¢ and the first
accommodating recess 28a. The first introduction passage
31a allows communication between the first through-hole
23a of the spacer 23 and an inner end (the end opposite to
the outer end that opens in the first accommodating recess
28a) of the first pressure introduction hole 30a. The first
output port A and the first pressure introduction hole 30a
thus communicate with each other through the first commu-
nication hole 21a, the first through-hole 234, and the first
introduction passage 31a.

[0039] An annular first sealing member 32q is arranged
between the first pressure sensor 25¢ and an inner wall
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surface of the first pressure introduction hole 30a. The first
sealing member 32a is made of rubber. The first pressure
sensor 25a has a detecting portion 251a, the distal end of
which is located on the side of the first sealing member 32a
that corresponds to the first introduction passage 31a (more
specifically, on the side corresponding to the communicating
portion between the first pressure introduction hole 30a and
the first introduction passage 31a). The first sealing member
32a seals the gap between the first pressure sensor 25a and
the inner wall surface of the first pressure introduction hole
30a in a state of being pressed and flattened between the first
pressure sensor 25a and the inner wall surface of the first
pressure introduction hole 30a. When the spool valve 16 is
switched to the first switching position, compressed air
flows from the valve hole 15 into the first pressure intro-
duction hole 30q through the first communication hole 214,
the first through-hole 234, and the first introduction passage
31a. The first sealing member 32a prevents leakage of the
compressed air into the first accommodating recess 28a
through the gap between the first pressure sensor 25q and the
inner wall surface of the first pressure introduction hole 30a.

[0040] When the spool valve 16 is at the first switching
position, the detecting portion 251a of the first pressure
sensor 25a detects the pressure of the compressed air that
flows from the valve hole 15 into the first pressure intro-
duction hole 30q through the first communication hole 214,
the first through-hole 234, and the first introduction passage
31a. The pressure of the compressed air that flows from the
valve hole 15 into the first pressure introduction hole 30a
through the first communication hole 214, the first through-
hole 23a, and the first introduction passage 31a is equal to
the pressure of the compressed air that is output from the
first output port A. Therefore, the detecting portion 251a of
the first pressure sensor 25a detects the pressure of the
compressed air that is output from the first output port A.

[0041] In the housing 24, a second introduction passage
3154 is formed between the partition wall 24¢ and the second
accommodating recess 285. The second introduction pas-
sage 315 allows communication between the second
through-hole 235 of the spacer 23 and an inner end (the end
opposite to the outer end that opens in the second accom-
modating recess 28b) of the second pressure introduction
hole 305. The second output port B and the second pressure
introduction hole 304 thus communicate with each other
through the second communication hole 215, the second
through-hole 235, and the second introduction passage 3164.

[0042] An annular second sealing member 325 is arranged
between the second pressure sensor 256 and an inner wall
surface of the second pressure introduction hole 305. The
second sealing member 325 is made of rubber. The second
pressure sensor 255 has a detecting portion 2515, the distal
end of which is located of the second sealing member 325
that corresponds to the second introduction passage 314
(more specifically, on the side corresponding to the com-
municating portion between the second pressure introduc-
tion hole 305 and the second introduction passage 315). The
second sealing member 325 seals the gap between the
second pressure sensor 256 and the inner wall surface of the
second pressure introduction hole 3056 in a state of being
pressed and flattened between the second pressure sensor
25b and the inner wall surface of the second pressure
introduction hole 305. When the spool valve 16 is switched
to the second switching position, compressed air flows from
the valve hole 15 into the second pressure introduction hole
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3054 through the second communication hole 215, the second
through-hole 235, and the second introduction passage 3164.
The second sealing member 325 prevents leakage of the
compressed air into the second accommodating recess 285
through the gap between the second pressure sensor 256 and
the inner wall surface of the second pressure introduction
hole 305.

[0043] When the spool valve 16 is at the second switching
position, the detecting portion 2515 of the second pressure
sensor 255 detects the pressure of the compressed air that
flows from the valve hole 15 into the second pressure
introduction hole 304 through the second communication
hole 215, the second through-hole 235, and the second
introduction passage 31b. The pressure of the compressed
air that flows from the valve hole 15 into the second pressure
introduction hole 304 through the second communication
hole 215, the second through-hole 235, and the second
introduction passage 315 is equal to the pressure of the
compressed air that is output from the second output port B.
Therefore, the detecting portion 2515 of the second pressure
sensor 255 detects the pressure of the compressed air that is
output from the second output port B.

[0044] The housing 24 has a first adapter 33a and a second
adapter 335, which are attached to the main body 27. The
first adapter 33a closes the opening of the first accommo-
dating recess 28a. The second adapter 335 closes the open-
ing of the second accommodating recess 28b. The first
adapter 33a and the second adapter 335 are attached to the
main body 27 by means of a spring pin 34a and a spring pin
345, respectively.

[0045] The first adapter 33a has an opening that opens
toward the first substrate 26a. A peripheral edge 331a of the
opening contacts the first substrate 26a. This prevents the
first substrate 26a from projecting from the opening of the
first accommodating recess 28a. The second adapter 335 has
an opening that opens toward the second substrate 265. A
peripheral edge 3315 of the opening contacts the second
substrate 265. This prevents the second substrate 265 from
projecting from the opening of the second accommodating
recess 28b.

[0046] In a state in which the first pressure sensor 25a is
fitted in the first pressure introduction hole 30a, movement
of the first pressure sensor 25a and the first substrate 264 in
the direction perpendicular to the movement direction of the
spool valve 16 is permitted in the range of elastic deforma-
tion of the first sealing member 32a. In a state in which the
second pressure sensor 2554 is fitted in the second pressure
introduction hole 305, movement of the second pressure
sensor 255 and the second substrate 265 in the direction
perpendicular to the movement direction of the spool valve
16 is permitted in the range of elastic deformation of the
second sealing member 325.

[0047] With reference to FIGS. 1 and 2, the housing 24 is
attached to the valve body 12 by means of two attachment
screws 24a. As illustrated in FIG. 2, the attachment screws
24a are arranged between the first substrate 26a and the
second substrate 265.

[0048] As shown in FIGS. 3 and 4, the first piston body 13
has a first manual shaft 354, which is manually operated to
control supply/discharge of the pilot fluid to and from the
first pilot pressure acting chamber 19a. The first manual
shaft 354 extends in the direction perpendicular to the
movement direction of the spool valve 16. A manual-
operation portion 351a of the first manual shaft 35a is
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located beside the housing 24 in the movement direction of
the spool valve 16 and projects from the first piston body 13.
The manual-operation portion 351qa is separated from the
housing 24 (close to the first pilot valve portion V1) in the
movement direction of the spool valve 16.

[0049] The second piston body 14 has a second manual
shaft 355, which is manually operated to control supply/
discharge of the pilot fluid to and from the second pilot
pressure acting chamber 196. The second manual shaft 356
extends in the direction perpendicular to the movement
direction of the spool valve 16. A manual-operation portion
351b of the second manual shaft 355 is located beside the
housing 24 in the movement direction of the spool valve 16
and projects from the second piston body 14. The manual-
operation portion 3515 is separated from the housing 24
(close to the second pilot valve portion V2) in the movement
direction of the spool valve 16.

[0050] The electromagnetic valve 10 includes a first cover
member 36a, which covers the manual-operation portion
351a of the first manual shaft 35a. Referring to FIG. 1, the
first cover member 364 is attached to the first piston body 13
by means of a hinge pin 37a.

[0051] As shown in FIG. 6, the first cover member 36a is
pivotal about the axis of the hinge pin 374 with respect to the
first piston body 13 as indicated by the long dashed double-
short dashed lines. A distal end 3614 of the pivotal portion
of the first cover member 36a, which pivots about the hinge
pin 37a, is located on the side of the hinge pin 37a that
corresponds to the housing 24.

[0052] The first adapter 33a has an outer side surface 38a,
which faces the first cover member 36a. The outer side
surface 38a has a first surface section 381a, an inclined
surface section 3824, and a second surface section 383a. The
first surface section 381a extends in the direction perpen-
dicular to the movement direction of the spool valve 16 and
is located at a position farther from the spacer 23 than the
inclined surface section 3824q and the second surface section
383a. The inclined surface section 382« is formed to be
continuous with the end of the first surface section 3814 that
is closer to the spacer 23 and extends to become progres-
sively separated from the first cover member 364 toward the
spacer 23. The second surface section 383a is formed to be
continuous with the end of the inclined surface section 3824
that is closer to the spacer 23 and extends in the direction
perpendicular to the movement direction of the spool valve
16.

[0053] The first surface section 381a is located at a
position separated from the movable range of the first cover
member 36a so as not to contact the distal end section 361a
of the first cover member 36a, which pivots. An imaginary
plane L1 is defined by imaginarily extending the first surface
section 381a toward the spacer 23 in the direction perpen-
dicular to the movement direction of the spool valve 16. The
imaginary plane [.1 overlaps with the movable range of the
distal end section 361a. Since the inclined surface section
382a is inclined to become separated from the first cover
member 36a, the inclined surface section 382a and the
second surface section 383a are located at positions farther
from the first cover member 36¢ than the imaginary plane
L1. In this manner, the inclined surface section 3824 and the
second surface section 383a do not contact the distal end
section 361a of the first cover member 36a when the first
cover member 36a pivots. As a result, the outer side surface
38a of the first adapter 33a has the inclined surface section
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382a and the second surface section 383a, each of which
functions as an escape portion that prevents the outer side
surface 38a from contacting the first cover member 36a
when the first cover member 364 pivots.

[0054] As shown in FIGS. 3 and 4, the electromagnetic
valve 10 includes a second cover member 365, which covers
the manual-operation portion 3516 of the second manual
shaft 355. Referring to FIG. 1, the second cover member 365
is attached to the second piston body 14 by means of a hinge
pin 375.

[0055] With reference to FIG. 6, the second cover member
364 is pivotal about the axis of the hinge pin 37b with
respect to the second piston body 14 as indicated by the long
dashed double-short dashed lines. A distal end 3615 of the
pivotal portion of the second cover member 365, which
pivots about the axis of the hinge pin 375, is located on the
side of the hinge pin 375 that corresponds to the housing 24.
[0056] The second adapter 335 has an outer side surface
385, which faces the second cover member 365. The outer
side surface 385 has a first surface section 3815, an inclined
surface section 3825, and a second surface section 3835. The
first surface section 3815 extends in the direction perpen-
dicular to the movement direction of the spool valve 16 and
is located at a position farther from the spacer 23 than the
inclined surface section 3825 and the second surface section
383b. The inclined surface section 38256 is formed to be
continuous with the end of the first surface section 3815 that
is closer to the spacer 23 and extends to become progres-
sively separated from the second cover member 365 toward
the spacer 23. The second surface section 3835 is formed to
be continuous with the end of the inclined surface section
3825 that is closer to the spacer 23 and extends in the
direction perpendicular to the movement direction of the
spool valve 16.

[0057] The first surface section 38154 is located at a
position separated from the movable range of the second
cover member 365 so as not to contact the distal end section
3615 of the second cover member 365, which pivots. An
imaginary plane [.2 is defined by imaginarily extending the
first surface section 3815 toward the spacer 23 in the
direction perpendicular to the movement direction of the
spool valve 16. The imaginary plane [.2 overlaps with the
movable range of the distal end section 3615. Since the
inclined surface section 3825 is inclined to become sepa-
rated from the second cover member 365, the inclined
surface section 3825 and the second surface section 3835 are
located at positions farther from the second cover member
3654 than the imaginary plane [.2. In this manner, the inclined
surface section 3825 and the second surface section 3835 do
not contact the distal end section 3615 of the second cover
member 365 when the second cover member 365 pivots. As
a result, the outer side surface 384 of the second adapter 335
has the inclined surface section 3825 and the second surface
section 3835, each of which functions as an escape portion
that prevents the outer side surface 385 from contacting the
second cover member 365 when the second cover member
36b pivots.

[0058] The operation of the present embodiment will now
be described.

[0059] The first pressure sensor 254 is mounted on the first
substrate 26a. The second pressure sensor 255 is mounted on
the second substrate 265. When the first pressure sensor 25a
and the second pressure sensor 25b are fitted in the first
pressure introduction hole 30a and the second pressure
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introduction hole 304, respectively, the first sealing member
32a and the second sealing member 324 are elastically
deformed. This facilitates the alignment of the axes of the
first pressure sensor 25a and the second pressure sensor 255
with the axes the first pressure introduction hole 304 and the
second pressure introduction hole 305.

[0060] The above described-embodiment achieves the fol-
lowing advantages.

[0061] (1) The first pressure sensor 254 is mounted on the
first substrate 26a and the second pressure sensor 25b is
mounted on the second substrate 265. When the first pres-
sure sensor 25a and the second pressure sensor 255 are fitted
in the first pressure introduction hole 30a and the second
pressure introduction hole 305, respectively, the first sealing
member 32a and the second sealing member 325 are elas-
tically deformed. This facilitates alignment of the axes of the
first pressure sensor 25a and the second pressure sensor 255
with the axes of the first pressure introduction hole 30a and
the second pressure introduction hole 305, respectively. As
a result, desirable sealing performance is ensured for the first
sealing member 32a and the second sealing member 325.
Also, the first substrate 26a and the second substrate 265 are
arranged to be opposed to each other in a state of being
upright in the direction perpendicular to the movement
direction of the spool valve 16. This reduces the size of the
electromagnetic valve 10 in the planar direction of the first
substrate 26a and the second substrate 265, compared to, for
example, a case in which the first substrate 26a and the
second substrate 265 are arranged in the same plane. Further,
the housing 24 is detachably attached to the valve body 12.
To perform maintenance of the electromagnetic valve 10, the
housing 24 is detached from the valve body 12 by removing
the two attachment screws 24a. As a result, for example, the
housing 24, which accommodates the first pressure sensor
25a and the second pressure sensor 255, and the valve casing
11, which accommodates the spool valve 16, can be replaced
as separate units. This improves the ease of maintenance.
[0062] (2) The first pressure sensor 25a projects toward
the second substrate 265 and the second pressure sensor 256
projects toward the first substrate 26a. The two attachment
screws 24a are arranged between the first substrate 264 and
the second substrate 265. This configuration reduces the size
of the electromagnetic valve 10 compared to, for example,
a case in which one of the two attachment screws 24aq is
arranged on the opposite side of the first substrate 26a from
the first pressure sensor 25a and the other one of the
attachment screws 24q is arranged on the opposite side of
the second substrate 265 from the second pressure sensor
25b. Also, it is unnecessary to shape the first and second
substrates 26a, 265 in a complicated manner to prevent the
contact with the corresponding attachment screws 24a. The
shapes of the first and second substrates 26a, 265 are thus
simplified.

[0063] (3) The outer side surface 38a of the first adapter
334a has the inclined surface section 3824 and the second
surface section 3834, each of which functions as the escape
portion that prevents the outer side surface 38a from con-
tacting the first cover member 36a when the first cover
member 364 pivots. The outer side surface 3856 of the second
adapter 335 has the inclined surface section 3826 and the
second surface section 3835, each of which functions as the
escape portion that prevents the outer side surface 386 from
contacting the second cover member 365 when the second
cover member 365 pivots. The size of the electromagnetic
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valve 10 is thus reduced. Also, it is easy to create the space
for operating the first cover member 36a and the space for
operating the second cover member 36b. This improves the
ease of operation.

[0064] The above-described embodiment may be modified
as follows.
[0065] As illustrated in FIGS. 7 and 8, the electromagnetic

valve 10 may include an operation member 40, which is
used to operate the first cover member 364 and the second
cover member 365. The operation member 40 is shaped, for
example, substantially as a rectangular parallelepiped and is
attached to the upper end face of the housing 24, which is the
end face opposite to the surface that contacts the spacer 23.
The operation member 40 has a rectangular plate-shaped
main body 404, two engagement pieces 405, and a catching
portion 40¢. The main body 40a is mounted on the upper end
face of the housing 24. The engagement pieces 405 project
from the opposite longitudinal-side edges of the main body
40a toward the housing (the spacer 23). The catching portion
40c¢ projects from one of the short-side edges of the main
body 404 toward the housing 24. A distal end of each of the
engagement pieces 405 is shaped like a hook. The housing
24 has grooves 241, with each of which the distal end of the
corresponding one of the engagement pieces 405 is engage-
able. By engaging the distal end of each engagement piece
405 with the corresponding groove 241, the operation mem-
ber 40 is attached to the housing 24. The first cover member
36a and the second cover member 365 have an engagement
portion 362a and an engagement portion 3625, respectively,
each of which is capable of catching the catching portion
40c. Atag 41 can be attached to the outer surface of the main
body 40a opposite to the inner surface, which faces the
housing 24. The operation member 40 thus functions as a
display plate of the electromagnetic valve 10.

[0066] With reference to FIG. 9, to operate the first cover
member 364 and the second cover member 365, the opera-
tion member 40 is detached from the housing 24 by the
operator. The catching portion 40c¢ is then engaged with
either the engagement portion 362a or the engagement
portion 36256 before operating the operation member 40 to
pivot the corresponding one of the first cover member 36a
and the second cover member 365. In this manner, even
when the space for operating the first or second cover
member 36a, 365 cannot be created, the first or second cover
member 36a, 3656 can be operated using the operation
member 40. This facilitates operation of the first and second
cover members 36a, 36b.

[0067] In the illustrated embodiments, for example, one of
the two attachment screws 24a may be arranged on the
opposite side of the first substrate 26a from the first pressure
sensor 254, and the other one of the attachment screws 24a
may be arranged on the opposite side of the second pressure
sensor 25b from the second pressure sensor 255.

[0068] In the illustrated embodiments, the outer side sur-
face 38a, 3856 of each of the first and second adapters 33a,
335 may extend toward the spacer 23 in the same manner as
the imaginary planes L1, L2 represented in FIG. 6. In other
words, the outer side surface 38a, 385 of each of the first and
second adapters 33a, 335 does not necessarily have to have
the inclined surface section 382a, 3825 or the second surface
section 383a, 3835, which functions as the escape portion
that prevents the outer side surface 384, 385 from contacting
the corresponding first or second cover member 36a, 365
when the first or second cover member 36a, 365 pivots. In
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this case, both the first cover member 36a and the second
cover member 365 must be separated from the housing 24
such that, when the first or second cover member 36a, 365
pivots, the first or second cover member 36a, 365 does not
interfere with the outer side surface 38a, 3856 of the corre-
sponding one of the first and second adapters 33a, 335.
[0069] In the illustrated embodiments, the first cover
member 36a and the second cover member 365 may be
omitted.

[0070] Inthe illustrated embodiments, the electromagnetic
valve 10 may be a single-solenoid type in which a single
pilot valve portion is mounted. In this case, a single piston,
a single piston chamber, a single pilot pressure acting
chamber, a single manual shaft, and a single cover member
are arranged on a single side of the electromagnetic valve
10.

1. An electromagnetic valve comprising:

a valve casing, which has a valve hole;

a spool valve, which is accommodated in the valve hole
in a reciprocally movable manner;

a supply port, a first output port, a second output port, and
a discharge port, which each communicate with the
valve hole;

a first pressure introduction hole, which communicates
with the first output port;

a second pressure introduction hole, which communicates
with the second output port;

a first pressure sensor, which is fitted in the first pressure
introduction hole and is configured to detect a pressure
of a fluid output from the first output port;

a second pressure sensor, which is fitted in the second
pressure introduction hole and is configured to detect a
pressure of a fluid output from the second output port;

a first sealing member, which is arranged between the first
pressure sensor and an inner wall surface of the first
pressure introduction hole;

a second sealing member, which is arranged between the
second pressure sensor and an inner wall surface of the
second pressure introduction hole;

a first substrate, on which the first pressure sensor is
mounted;

a second substrate, on which the second pressure sensor
is mounted; and

ahousing, which accommodates the first substrate and the
second substrate, has the first pressure introduction
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hole and the second pressure introduction hole, and is
attached to the valve casing,

wherein the first substrate and the second substrate are
arranged to be opposed to each other in a state of being
upright in a direction perpendicular to a movement
direction of the spool valve.

2. The electromagnetic valve according to claim 1, further
comprising an attachment screw for attaching the housing to
the valve casing, wherein

the first pressure sensor projects toward the second sub-
strate,

the second pressure sensor projects toward the first sub-
strate, and

the attachment screw is arranged between the first sub-
strate and the second substrate.

3. The electromagnetic valve according to claim 1,

wherein

a piston is arranged at an axial end of the spool valve;

the valve casing has a piston chamber in which the piston
is accommodated,

the piston defines a pilot pressure acting chamber in the
piston chamber,

the spool valve is reciprocated by a pilot fluid that is
selectively supplied to and discharged from the pilot
pressure acting chamber,

a manual shaft, which is manually operated to control
supply/discharge of the pilot fluid to and from the pilot
pressure acting chamber, is arranged in the valve cas-
ing,

the manual shaft has a manual-operation portion, which is
located beside the housing in the movement direction
of the spool valve,

a cover member, which covers the manual-operation
portion, is pivotal about a hinge pin with respect to the
valve casing, and

an outer side surface of the housing that faces the cover
member has an escape portion, which prevents the
outer side surface from contacting the cover member
when the cover member pivots.

4. The electromagnetic valve according to claim 3, further

comprising an operation member, which is used to operate
the cover member.



