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(54) Three-way switching valve

(57) A compact pilot-operated three-way switching
valve changes a flow of a fluid introduced into an inlet
port T1 such that the fluid is caused to flow into a first
outlet port T2 or a second outlet port T3. Pressures in
pressure-regulating chambers above pistons 8, 9 are
selectively guided into a passage 36 by a pilot valve hav-
ing a pilot valve element 18, plugs 15, 17 including re-
spective valve seats 14, 16, and a spring 19. The pas-
sage 36 leads one of the pressures to the first outlet port
T2 or the second outlet port T3 via a check valve having
valve seats 32, 33, and a valve element 35. The check
valve causes a very small amount of fluid permitted to
flow so as to keep main valves open and closed, respec-
tively, to flow to the downstream side of an open one of
the main valves, whereby internal leakage of fluid is pre-
vented.
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Description

[0001] This invention relates to a three-way switching
valve, according to the preamble part of claim 1, partic-
ularly to a pilot-operated three-way switching valve for
switching a flow path of a fluid by electromagnetic oper-
ation.
[0002] In a known three-way switching valve the al-
ternating opening and closing valve operations are car-
ried out by actuating valve elements by a solenoid or a
motor, or by using the difference between fluid pres-
sures. Some known solenoid-operated three-way
switching valves have two solenoids for actuating two
valve elements alternately. Other known types use pres-
sure differences between pressures on the discharge
side and the suction side of a pump for a valve element
or a portion for actuating the valve element, and other
conventional three-way switching valves generate the
differential pressure by connecting a capillary tube to the
suction side of a pump.
[0003] A three-way switching valve known e.g. from
JP-A-4-312276, has one solenoid only, and no external
tube, so as to make the valve mechanism compact in
size. The solenoid and two valve elements arranged on
the same axis and use a diaphragm pilot mechanism.
When the solenoid is deenergized, a pilot valve element
closes a pilot valve hole by spring force, whereby a valve
element on the solenoid side is closed, and a valve el-
ement on an opposite side of the solenoid is opened.
Inversely, when the solenoid is energized, the pilot valve
element is opened whereby a pressure in a diaphragm
chamber is relieved to the downstream side of the valve
to be opened, to thereby open the valve element on the
solenoid side and at the same time close the valve ele-
ment on the opposite side of the solenoid by the supplied
fluid pressure. This known three-way switching valve
performs with insufficient durability when used for very
high fluid pressure, since the diaphragm is employed in
the pilot mechanism. To open and close the two valve
elements in an interlocked fashion, a drive shaft extends
through a partition wall that separates two outlet pas-
sages. This causes leakage through a portion slidably
holding the drive shaft.
[0004] It is an object of the present invention to pro-
vide a pilot-operated three-way switching valve having
a valve mechanism compact in size, being capable of
handling high-pressure fluid, and being free from inter-
nal fluid leakage.
[0005] To achieve the above object, the present in-
vention provides a pilot-operated three-way switching
valve according to claim 1.
[0006] The check valve on the downstream side of the
pilot valve, used for selectively relieving pressure in the
pressure-regulating chambers for the pistons to a low-
pressure side, is caused to communicate with the down-
stream side of an open one of the main valves. Due to
this configuration, a very small amount of a fluid permit-
ted to flow to keep the main valves open and closed,

respectively, is caused to flow to the downstream side
of the open one of the main valves via the pilot valve
and the check valve, which prevents internal leakage of
the fluid within the three-way switching valve. The pres-
sure-regulating chamber above the piston of the open
main valve has a secondary pressure lower than a pri-
mary pressure by the amount of a pressure loss caused
by the flow of the fluid through the main valve, and hence
the differential pressure of the fluid causes the main
valve to maintain its opening operation. Further, since
only a small differential pressure between the primary
pressure and the secondary pressure is applied to the
pilot valve, only a very small solenoid force is required
for actuating the pilot valve element. This makes it pos-
sible to make the solenoid compact in size.
[0007] Embodiments of the present invention will be
described with reference to the drawings. In the draw-
ings is:

Fig. 1 two interrelated cross-sections of a first em-
bodiment of a solenoid actuated three-way
switching valve, with the solenoid OFF,

Fig. 2 tow interrelated cross-sections of the three-
way switching valve of Fig. 1 with the solenoid
ON,

Fig. 3 a time chart showing operating conditions of
the three-way switching valve of Figs 1 and 2,

Fig. 4 cross-section of a second embodiment of a
three-way switching valve,

Fig. 5 two cross-sections taken along lines B-B and
C-C of Fig. 4,

Fig. 6 two interrelated cross-sections of a third em-
bodiment of a three-way switching valve,

Fig. 7 two interrelated cross-sections of a fourth em-
bodiment of a three-way switching valve.

[0008] The three-way switching valve of Figs 1 and 2
has a body 1 having two cylinder bores 2, 3 accommo-
dating two parallel main valves. The body 1 has a central
inlet port T1 communicating with both cylinder bores 2,
3. First and second outlet ports T2, T3 are formed at
respective locations downward in the cylinder bores 2,
3.
[0009] The cylinder bores 2, 3 contain integrally
formed main valve seats 4, 5 between the inlet port T1
and the first and second outlet ports T2, T3. Main valve
elements 6, 7 can move from the inlet port T1 side to
and away from the main valve seats 4, 5. The main valve
elements 6, 7 are integrally formed with pistons 8, 9 sl-
idably arranged in the cylinder bores 2, 3, respectively.
The pistons 8, 9 have larger pressure-receiving areas
the main valve elements 6, 7. A pressure regulating
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chamber 8a, 9a is provided in the bores 2, 3 above each
piston.
[0010] The main valve elements 6, 7 carry seal rings
10, 11, e.g. secured by crimping and washers. The pis-
tons 8, 9 carry combinations of tension rings and piston
rings 12, 13 in peripheral grooves. This allows only a
very small amount of fluid to flow from the inlet port T1
into each of the pressure-regulating chambers 8, 9
above the pistons 8, 9, past the piston rings 12, 13. The
upward movement of the piston 8 in the cylinder bore 2
is limited by a C shaped snap ring fitted into the wall of
the cylinder bore 2.
[0011] Above the piston 9 a three-way valve is ar-
ranged comprising a plug 15 including a valve seat 14
whose valve hole communicates via a passage 15a with
the pressure-regulating chamber 8a above the right-
side piston 8, a plug 17 including a valve seat 16 whose
valve hole communicates with the pressure-regulating
chamber 9a, a needle-shaped pilot valve element 18
both ends of which are opposed to the valve seats 14,
16 such that the both ends can open and close the valve
holes of the valve seats 14, 16, and a spring 19 urging
the pilot valve element 18 in a direction towards the
valve seat 14.
[0012] The cylinder bore 2 is closed by a cap 20. In
the upper opening of the cylinder bore 3 a solenoid is
provided for actuating the pilot valve. The solenoid has
a core 21 integrally formed with the body 1 such that the
core 21 also serves as a lid for closing the upper opening
of the bore 3. The core 21 has an upper half thereof fitted
in a sleeve 22. The sleeve 22 contains a plunger 23, and
isclosed by a cap 24. A solenoid coil 25 is arranged on
the outer periphery of the sleeve 22 and surrounded by
a yoke 26.
[0013] The core 21 and the plunger 23 are formed with
an axial and central through hole. The through hole in
the plunger 23 has a stepped portion at an intermediate
part thereof such that an upper part of the through hole
has a larger diameter than the lower part. The larger di-
ameter part accommodates a holder 27 and a spring 28
for urging the holder 27 in a direction to abut at the
stepped portion. A shaft 29 is disposed in the lower
smaller diameter part of the through hole in the plunger
23 and the through hole in the core 21. The shaft 29
upper end is brought into abutment with the holder 27.
The shaft 29 lower end is brought into abutment with a
shaft 30 extending through the valve hole of the valve
seat 14. The shaft 30 is rigidly fixed to the pilot valve
element 18.
[0014] A space containing the pilot valve element 18
communicates with a check valve shown in the upper
cross-section of the body 1. The check valve includes a
passage 31 extending between the first and the second
outlet ports T2, T3. A valve seat 32 is integrally formed
with the body 1 on the first outlet port side of the passage
31. On the second outlet port side of the passage 31 is
arranged a plug 34 that forms a valve seat 33. A space
in the passage 31 between the valve seat 32 and valve

seat 33 communicates via a passage 36 indicated by a
dotted line with the space containing the pilot valve el-
ement 18. A valve element 35 is arranged such that it
can be seated on either of the valve seats 32, 33.
[0015] When the solenoid coil 25 is deenergized (so-
lenoid OFF), with no fluid introduced into the inlet port
T1, the pilot valve element 18 is pushed upward by the
spring 19 in Figs. 1 and 2, and is seated on the valve
seat 14. An upper portion of the pilot valve is closed,
and a lower portion is opened. The pressure-regulating
chamber 8a is closed by the pilot valve, while the pres-
sure-regulating chamber 9a communicates with the
check valve via the pilot valve and the passage 36. Al-
though the main valve elements 6, 7 and the pistons 8,
9 may assume arbitrary positions, it is assumed that the
main valve elements 6, 7 are seated on the main valve
seats 4, 5, respectively, e.g. due to their own weight.
Further, the valve element 35 of the check valve is in a
position taken when previously the supply of the fluid
was stopped.
[0016] When fluid is introduced into the inlet port T1
(solenoid still OFF), the pressure rises in the pressure-
regulating chambers 8a, 9a. The pressure-regulating
chamber 8a remains closed by the pilot valve, while the
pressure-regulating chamber 9a communicates with the
first and second outlet ports T2, T3 via the pilot valve
and the check valve. The pressure in the pressure-reg-
ulating chamber 8a becomes high, whereas the pres-
sure in the pressure-regulating chamber 9a becomes
low since more fluid flows out to the first or second outlet
port T2, T3 than fluid flows in from the inlet port T1. The
piston 8 has a larger pressure-receiving area than the
main valve element 6. The piston 8 and the main valve
element 6 both are pushed downward by the difference
between pressures applied to the piston 8 and the main
valve element 6 the state in Fig. 1. Further, since the
pressure on the side of the main valve element 7 is high
and the pressure within the pressure-regulating cham-
ber 9a is low, the piston 9 and the main valve element
7 are pushed upward, and (Fig. 1) the main valve in the
cylinder bore 3 is opened. As a result, in the check valve,
the pressure in the first outlet port T2 becomes low, and
the pressure in the second outlet port T3 becomes high,
so that the valve element 35 of the check valve is seated
on the right-side valve seat 32 on the low-pressure side,
to block communication between the first and second
outlet ports T2, T3. Thus, the check valve is brought to
the state illustrated in Fig. 1.
[0017] Next, when the solenoid is turned ON, first, the
plunger 23 is pulled and attracted by the core 21, the
holder 27 is pushed down toward the stepped portion in
the plunger 23 by the urging force of the spring 28. The
holder 27 pushes the shaft 29 and the shaft 30 rigidly
fixed to the pilot valve element 18 downward. Conse-
quently, the pilot valve element 18 is pushed downward
against the force of the spring 19 and is seated on the
lower valve seat 16. Thereafter, the pilot valve element
18 is held in the state seated on the lower valve seat 16,
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by the urging force of the spring 28 within the plunger
23. The upper portion of the pilot valve opens, and the
lower portion closes. The pressure-regulating chamber
8a communicates via the pilot valve, the passage 36,
and the check valve with the second outlet port T3. The
fluid flow from the inlet port T1 to the second outlet port
T3 causes a pressure loss. The pressure in the second
outlet port T3 becomes lower than the pressure at the
inlet port T1, and reduces the pressure in the pressure-
regulating chamber 8a to the pressure at the second
outlet port T3. The pressure in the pressure-regulating
chamber 9a cannot be relieved, but is increased to push
the piston 9 downward. This closes the left-side main
valve element 7 to reduce the pressure in the second
outlet port T3 so that the pressure within the pressure-
regulating chamber 8a is now sharply reduced. This
causes the right-side piston 8 to move upward by the
difference between the pressure in the pressure-regu-
lating chamber 8a and the pressure at the inlet port T1,
whereby the right-side main valve element 6 is opened.
Simultaneously, since the pressure in the first outlet port
T2 becomes high, and the pressure in the second outlet
port T3 becomes low, the valve element 35 of the check
valve is seated on the left-side valve seat 33 on the low-
pressure side, and a route is cleared for relieving the
pressure from the pressure-regulating chamber 8a to
the first outlet port T2 on a side where the check valve
is opened. As a result, the three-way switching valve is
brought to the state illustrated in Fig. 2.
[0018] For a better understanding of Fig. 3, it is as-
sumed here that in a closed fluid circuit, the inlet port T1
is connected to the discharge side of a pump, while the
first and second outlet ports T2, T3 are connected to the
suction side of the pump. In FIG. 3, the pressure of a
fluid introduced into the inlet port T1 is represented by
a primary pressure, the pressure in the pressure-regu-
lating chamber 9a is represented by a left-side piston
pressure, the pressure in the second outlet port T3 on
the downstream side of the left-side main valve is rep-
resented by a left-side secondary pressure, the pres-
sure in the pressure-regulating chamber 8a is repre-
sented by a right-side piston pressure, the pressure in
the first outlet port T2 on the downstream side of the
right-side main valve is represented by a right-side sec-
ondary pressure, the pressure in the central chamber
accommodating the valve element 35 within the check
valve is represented by a check valve pressure, and the
pressure in a central chamber accommodating the pilot
valve element 18 is represented by a pilot valve pres-
sure. The ordinate of the diagram represents pressure
changes, and the abscissa represents time.
[0019] First, let it be assumed that at a time t0, the
pump is started, and the solenoid is turned ON. The pri-
mary pressure increases. The pressure-regulating
chamber 9a is closed by the pilot valve actuated by the
solenoid, and the left-side piston pressure as well is in-
creased similarly. Both of the primary pressure and the
left-side piston pressure become stable at their highest

pressure levels.
[0020] If during the pressure increase the second out-
let port T3 on the closed chamber side is under suction
by the pump, the left-side secondary pressure has its
residual pressure decreased. Further, the right-side pis-
ton pressure, the right-side secondary pressure, the
check valve pressure, and the pilot valve pressure are
each increased to a level obtained by subtracting a pres-
sure loss caused by flow of the fluid passing through the
right-side main valve from the primary pressure.
[0021] When the solenoid is turned OFF at time t1,
although the primary pressure is not changed, the pres-
sure-regulating chamber 9a communicates with the
second outlet port T3, whereby the left-side piston pres-
sure attempts to be equal to the secondary pressure of
the second outlet port T3, and hence is decreased. At
the same time, since the pressure-regulating chamber
8a is closed by the pilot valve, the right-side piston pres-
sure is increased attempting to become equal to the pri-
mary pressure.
[0022] At time t2, when the left-side piston pressure
becomes equal to the secondary pressure of the second
outlet port T3, and the right-side piston pressure be-
comes equal to the primary pressure, the right-side main
valve is closed, and the left-side main valve is opened.
This inverts the secondary pressure of the first outlet
port T2 and the secondary pressure of the second outlet
port T3, and hence the valve element 35 of the check
valve is moved from left to right. At this time, since the
first outlet port T2 and the second outlet port T3 tempo-
rarily communicate via the passage 31 accommodating
the valve element 35, the check valve pressure and the
pilot valve pressure are reduced (time t3) during switch-
ing operation of the check valve, and return to the sec-
ondary pressure of the open left-side main valve again
(time t4). During switching operation of the check valve
(t2 to t4), the left-side secondary pressure is increased
to the pressure obtained by subtracting the pressure
loss from the primary pressure, and the right-side sec-
ondary pressure is reduced to the suction pressure of
the pump.
[0023] At a time t5, when the solenoid is turned ON
again, first, the left-side piston pressure is increased to
the primary pressure, and the right-side piston pressure
is reduced to the secondary pressure of the right-side
main valve. Now, when the right-side main valve is
opened, and the left-side main valve is closed, during a
time period t6 to t8 over which switching operation of the
check valve is carried out, the left-side secondary pres-
sure is reduced to the suction pressure of the pump, and
the right-side secondary pressure is increased to the
level obtained by subtracting the pressure loss from the
primary pressure. The check valve pressure and the pi-
lot valve pressure are temporarily reduced, respectively.
[0024] At a time t9, when the pump is stopped, and
the solenoid is turned OFF, the primary pressure, the
left-side piston pressure, the right-side piston pressure,
the right-side secondary pressure, the check valve pres-
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sure, and the pilot valve pressure are reduced, and the
left-side secondary pressure is increased, whereby all
the pressures become equal to each other.
[0025] The three-way switching valve of Figs 4, 5 is
of a type in which the solenoid and the pilot valve are
inserted in the body 1 from a lateral side to reduce the
overall height of the valve. The cylinder bores 2, 3 are
closed by caps 20, 20a. The body 1 has a lateral inser-
tion hole for the solenoid and the pilot valve. The plug
15 of the pilot valve is inserted into the insertion hole
and has the valve seat 14. Another valve seat 16a is
integrally formed with the body 1 and leads into a valve
hole communicating with the cylinder bore 3. The pilot
valve element 18 and the spring 19 are disposed be-
tween the valve seats 14, 16a. The plug 15 is formed
such that the valve hole of the valve seat 14 on the so-
lenoid side communicates with the cylinder bore 2. The
solenoid is screwed into an inlet of the insertion hole by
a connecting member 37 forming part of the magnetic
circuit. A space accommodating the pilot valve element
18 communicates with a passage 36 to communicate
with a space between valve seats 32, 33 of a check
valve.
[0026] When the solenoid is OFF, the pressure-regu-
lating chamber 8a above the right-side piston 8 is closed
by the pilot valve, and the pressure-regulating chamber
9a above the left-side piston 9 communicates with the
check valve for relieving the fluid pressure via the pilot
valve and the passage 36 to the low-pressure side. Ac-
cordingly, the right-side piston 8 seats the main valve
element 6 on the main valve seat 4, while the left-side
piston 9 lifts the main valve element 7 from the main
valve seat 5. As a result, the main valve between the
inlet port T1 and the first outlet port T2 is closed, and
the main valve between the inlet port T1 and the second
outlet port T3 is opened. In the check valve, the valve
element 35 is seated on the valve seat 33 which is lo-
cated on a side where the pressure is reduced due to
closing one main valve by the differential pressure be-
tween the first and second outlet ports T2, T3. Thus, the
pilot valve and the second outlet port T3 on the down-
stream side of the open main valve communicate via the
check valve.
[0027] When the solenoid is ON, the pilot valve inverts
the respective pressures in the pressure-regulating
chambers 8a, 9a to open the right-side main valve and
to close the left-side main valve. This inverts the pres-
sures of the first and second outlet ports T2, T3 in mag-
nitude, so that the check valve closes a side communi-
cating with the second outlet port T3, and applies a pres-
sure reduced by the amount of a pressure loss caused
by flow of the fluid through the right-side main valve to
the pressure-regulating chamber 8a above the right-
side piston 8 integrally formed with the right-side main
valve, thereby keeping the right-side main valve open,
and the left-side main valve closed.
[0028] In the three-way switching valve of Fig. 6 the
solenoid and the pilot valve are laterally (in lying posi-

tion) arranged on top of the body 1 in a manner bridging
over the two cylinder bores 2, 3. The pilot valve is con-
tained in the solenoid.
[0029] The solenoid core 2 is 1 fitted in one end of the
sleeve 22, and the plunger 23 inserted into the sleeve
22. The core 21 has an axial valve hole forming the valve
seat 14 of the pilot valve. The valve hole communicates
via a connecting member 38 with the pressure-regulat-
ing chamber 8a above a right-side piston 8. The other
end of the sleeve 22 contains one end of a connecting
member 39 having a valve hole forming the valve seat
16 of the pilot valve. The other end of the connecting
member 39 is fitted in an upper opening of the left-side
cylinder bore 3. The connecting member 39 connects
the valve hole of the valve seat 16 with the pressure-
regulating chamber 9a. Further, the connecting member
39 includes a passage 40 communicating with a space
within the sleeve 22 having the plunger 23 loosely fitted
therein. The passage 40 communicates via the passage
36 with the check valve.
[0030] The plunger 23 has pilot valve elements 18a,
18b arranged along the axis thereof. The pilot valve el-
ement 18a has a flange on an opposite side of a needle
facing the valve seat 14, and the spring 19 is arranged
between the flange and the core 21. The pilot valve el-
ement 18b has a flange on an opposite side of a needle
facing the valve seat 16. The flange is held in the plunger
23. Therefore, when a solenoid coil 25 is deenergized,
the plunger 23 and the pilot valve elements 18a, 18b are
urged leftward by the spring 19, whereby the pilot valve
causes the pressure-regulating chamber 8a to commu-
nicate with the check valve, and closes the pressure-
regulating chamber 9a. When the solenoid coil 25 is en-
ergized, the plunger 23 is attracted by the core 21
against the urging force of the spring 19, and the pilot
valve elements 18a, 18b are urged rightward in a man-
ner interlocked with the attracting operation to close the
pressure-regulating chamber 8a and to connect the
pressure-regulating chamber 9a to the check valve.
[0031] The valve operation is substantially similar to
that described for Figs 1, 2 although the left-side and
right-side main valves thereof are opened and closed
inversely to those of Figs. 1,2.
[0032] When the solenoid is OFF, the pressure-regu-
lating chamber 8a communicates with the check valve
for relieving via the pilot valve and the passage 36 the
fluid pressure to the low-pressure side. The pressure-
regulating chamber 9a is closed by the pilot valve.
Therefore, the right-side piston 8 moves the main valve
element 6 away from the main valve seat 4, while the
left-side piston 9 seats the main valve element 7 on the
main valve seat 5. As a result, a main valve between the
inlet port T1 and the first outlet port T2 is opened, and
the main valve between the inlet port T1 and the second
outlet port T3 is closed. In the check valve, the valve
element 35 is seated on the valve seat 33 on a side
where the pressure is reduced by closing of the main
valve by a differential pressure between the first and
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second outlet ports T2, T3. Thus, the pilot valve and the
first outlet port T2 on the downstream side of the open
main valve communicate via the check valve.
[0033] When the solenoid is ON, the pilot valve inverts
pressures in the pressure-regulating chambers 8a, 9a
to close the right-side main valve and open the left-side
main valve. This inverts the pressures of the and second
outlet ports T2, T3 in magnitude, so that the check valve
closes a side communicating with the first outlet port T2,
and applies a pressure reduced by the amount of a pres-
sure loss caused by the flow of the fluid through the left-
side main valve to the pressure-regulating chamber 9a
to keep the right-side main valve closed, and the left-
side main valve open.
[0034] In the three-way switching valve of Fig. 7 the
pilot valve and the pressure-regulating chamber 8a are
connected by a tube 41. Further, the pilot valve is inte-
grally formed with the solenoid, as in Fig. 6.
[0035] The pilot valve includes valve sheets 42, 43 in
both end faces of the plunger 23, and the valve seats
14, 16 opposed to the valve sheets 42, 43. The valve
seat 14 is integrally formed with the core 21, and the
valve hole in the core 21 communicates with the pres-
sure-regulating chamber 8a through the tube 41. The
valve seat 16 is integrally formed with a plug 17a dis-
posed above the left-side piston 9, and a valve hole in
the plug 17a communicates with the pressure-regulat-
ing chamber 9a. A space between the valve seats 14,
16 communicates via the passage 36 with the check
valve. Further, the plunger 23 also serving as the pilot
valve element, is urged by a spring 44 away from the
core 21.
[0036] When the solenoid is OFF, the pressure-regu-
lating chamber 8a communicates with the check valve
for relieving the fluid pressure via the pilot valve and the
passage 36 to the low-pressure side. The pressure-reg-
ulating chamber 9a is closed by the pilot valve. There-
fore, the piston 8 move the main valve element 6 away
from the main valve seat 4, while the piston 9 seats the
main valve element 7 on the main valve seat 5. This
opens one main valve between the inlet port T1 and the
first outlet port T2, and closes the other main valve be-
tween the inlet port T1 and the second outlet port T3. In
the check valve, the valve element 35 is seated on the
valve seat 33 on a side where the pressure is reduced
by closing of a main valve by the differential pressure
between the first and second outlet ports T2, T3. Thus,
the pilot valve and the first outlet port T2 on the down-
stream side of the open main valve communicate by the
check valve.
[0037] When the solenoid is ON, the pilot valve inverts
pressures in the pressure-regulating chambers 8a, 9a
to close the right-side main valve and open the left-side
main valve. This inverts the pressures of the first and
the second outlet ports T2, T3 in magnitude, so that the
check valve closes a side communicating with the first
outlet port T2, and applies a pressure reduced by the
amount of a pressure loss caused by the flow of the fluid

through the left-side main valve to the pressure-regulat-
ing chamber 9a to keep the right-side main valve closed,
and the left-side main valve open.
[0038] Although the seal rings enhancing the sealing
performance of the main valves are shown on the main
valve elements, they may instead be provided at the
main valve seats.

Claims

1. A pilot-operated three-way switching valve for di-
recting a fluid flow from an inlet port (T1) either into
a first outlet port (T2) or a second outlet port (T3),
characterized in that a check valve (32, 33, 35) is
provided between a pilot valve for carrying out
switching operation to cause one of respective
pressure-regulating chambers (8a, 9a) for two pis-
tons (8, 9) interlocked with two main valves (4, 6; 5,
7) to communicate with a low-pressure side, and the
first outlet port (T2) and the second outlet port (T3)
located on downstream sides of the main valves,
and that the check valve operates such that the pilot
valve and a downstream side of an opened one of
the main valves communicate with each other under
a differential pressure between a pressure on a pilot
valve side and a pressure on a downstream side of
a closed one of the main valves.

2. The three-way switching valve according to claim
1, characterized in that the check valve (32, 33,
35) includes a passage (31) formed between spac-
es communicating with the first and second outlet
ports (T2, T3), that the valve seats (32, 33) of the
check valve are arranged on both end sides of the
passage (31), that a plug is disposed as the valve
elements (35) of the check valve and is associated
to both valve seats (32, 33) inside a chamber de-
fined between the valve seats in the passage, and
that the chamber communicates with the pilot valve.

3. A three-way switching valve for directing a fluid flow
from an inlet port (T1) either to a first outlet port (T2)
or to a second outlet port (T3),
characterized by
a first main valve (46) disposed between the inlet
port (T1) and the first outlet port (T2), for opening
and closing therebetween;
a second main valve (46) disposed between the in-
let port (T1) and the second outlet port (T3), for
opening and closing therebetween;
a first piston (8) having a larger pressure-receiving
area than that of a first main valve element (6) of
the first main valve (4, 6), and operating in conjunc-
tion with the first main valve element (6) in directions
of opening and closing operations of the first main
valve element;
a second piston (9) having a larger pressure-receiv-
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ing area than that of a second main valve element
(7) of the second main valve (5, 7), and operating
in conjunction with the second main valve element
(7) in directions of opening and closing operations
of the second main valve element;
a check valve (32, 33, 35) disposed between the
first and second outlet ports (T2, T3), for operation
such that a passage leading to a downstream side
of a closed one of the first and second main valves
is closed;
a pilot valve for carrying out switching operation to
selectively communicate the check valve with a re-
spective one of two pressure-regulating chambers
(8a, 9a) for the first and second pistons (8, 9); and
a solenoid for actuating a pilot valve element (18)
of the pilot valve to switch the pilot valve.

4. The three-way switching valve according to claim
3, characterized in that the check valve (32, 33,
35) includes a passage (31) formed with valve seats
(32, 33) at both end sides between spaces commu-
nicating with the first and second outlet ports (T2,
T3), that a plug (35) is disposed as valve elements
associated with the valve seats (32, 33) in a cham-
ber between the valve seats in the passage, the
chamber communicating with the pilot valve, the
plug operating such that the passage leading to the
downstream side of the closed one of the first and
second main valves is closed by a differential pres-
sure between a pressure on a pilot valve side and
a pressure on the downstream side of the closed
one of the first and second main valves.

5. The three-way switching valve according to claim
3, characterized in that the first and second main
valves (4, 6; 5,7) have flexible sealing materials (11,
10) at seating portions of either the main valve ele-
ments (6, 7) or of the main valve seats (4, 5).

6. The three-way switching valve according to claim
3, characterized in that the first and second pis-
tons (8, 9) are integrally formed with the main valve
elements (6, 7).

7. The three-way switching valve according to claim
3, characterized in that the first and second pis-
tons (8, 9) have respective circumferential piston
rings (12, 13) such that a fluid pressure in the inlet
port (T1) is introduced into the pressure-regulating
chambers (8a, 9a) via the piston rings (12, 13), re-
spectively.

8. The three-way switching valve according to claim
3, characterized in that the pilot valve includes a
pilot valve element (18) for causing only one of the
pressure-regulating chambers (8a, 9a) to commu-
nicate with the check valve (32, 33, 35), while clos-
ing the other pressure-regulating chamber, and that

a spring (19) is provided for urging the pilot valve
element (18) toward the solenoid that actuates the
pilot valve element (18).

9. The three-way switching valve according to claim
3, characterized in that the pilot valve includes a
pilot valve element disposed to have both ends
(18a, 18b) thereof protruded from both end faces of
a plunger (23) of the solenoid, that a first valve seat
(14) is formed on an end face of a core (21) of the
solenoid in a manner opposed to one end (18a) of
the pilot valve element, that the first valve seat (14)
leads to a valve hole communicating with the pres-
sure-regulating chamber (8a) for the first piston (8),
that second valve seat (16) is disposed opposed to
another end (18b) of the pilot valve element and
leads to a valve hole communicating with the pres-
sure-regulating chamber (9a) for the second piston
(9), and that a passage (36) is provided for connect-
ing spaces bounded by both end faces of the plung-
er (23) to communicate with the check valve (32,
33, 35).

10. The three-way switching valve according to claim
9, wherein the pilot valve element is a needle having
conical both ends (18a, 18b), that the pilot valve el-
ement is axially movably disposed along an axis of
the plunger (23) in a state where the maximum
amount of protrusion toward the second valve seat
(16) is restricted, and that the pilot valve element is
urged by the spring (19) in a direction away from
the first valve seat (14) formed in the core (21).

11. The three-way switching valve according to claim
10, characterized in that the needle is divided in
two separate needle ends (18a, 18b).

12. The three-way switching valve according to claim
9, characterized in that the main valve element (6)
of the first main valve (6, 4) and the first piston (8),
and the main valve element (7) of the second main
valve (5, 7) and the second piston (9) are juxta-
posed for parallel forward and backward motion,
and that the solenoid is arranged in relation to the
pistons (8, 9) such that the plunger (23) moves for-
ward and backward in a direction which is perpen-
dicular to the direction of the motions of the first and
second pistons (8, 9).

13. The three-way switching valve according to claim
3, characterized in that the pilot valve includes pi-
lot valve elements (42, 43) disposed on both end
faces of a plunger (23) of the solenoid, that a first
valve seat (14) is formed on an end face of a core
(21) of the solenoid opposed to one (42) of the pilot
valve elements, the first valve seat (14) leading to
a valve hole communicating with the pressure-reg-
ulating chamber (8a) for the first piston (8), that a
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second valve seat (16) is disposed opposed to the
other (43) of the pilot valve elements and leads to
a valve hole communicating with the pressure-reg-
ulating chamber (9a) for the second piston (9), and
that a passage (36) connects spaces bounded by
both end faces of the plunger (23) with the check
valve (32, 33, 35).

14. The three-way switching valve according to claim
13, characterized in that the first valve seat (14)
or the second valve seat (16) leads to a valve hole
communicating with the pressure-regulating cham-
ber (8a or 9a) via a tube (41).
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