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(54) FLUID PRESSURE CONTROL DEVICE

(57) A fluid pressure control device 100 includes a
switch valve 30 configured to control flow of working oil
from a first pump 7 to a hydraulic cylinder 1; a flow-com-
bining control valve 60 configured to control flow of work-
ing oil supplied from a second pump 8 to the hydraulic
cylinder 1; a first connecting passage 14 and a second
connecting passage 15 connecting the switch valve 30
and the flow-combining control valve 60. The flow-com-
bining control valve 60 has: a second extending position
60B at which a second bottom side passage 13b is com-
municated with the second pump passage 11a; and a
second contracting position 60C at which a first connect-
ing passage 14 is communicated with the second tank
passage 17, and a second rod side passage 12b is shut
off from the second tank passage 17.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fluid pressure
control device.

BACKGROUND ART

[0002] JP2001-165106A discloses a flow combining
mechanism provided with a pair of circuit systems. In the
flow combining mechanism, pumps are each separately
connected to the respective circuit systems, and a pump
discharged fluid from a second circuit system is joined
to a first switch valve of a first circuit system via the sec-
ond switch valve of the second circuit system.
[0003] In the first switch valve, a pair of actuator ports
are formed in a valve main body, and a spool is provided
inside thereof so as to be freely slidable. In addition, the
valve main body is formed with a U-shaped parallel feed-
er, and a discharge flow channel of a first pump is con-
nected to the parallel feeder. When the spool is switched,
a first actuator port is communicated with a tank port by
annular grooves formed in the spool, and a second ac-
tuator port is communicated with the discharge flow chan-
nel of the first pump via the annular grooves and the
parallel feeder.
[0004] In the second switch valve, the valve main body
is formed with the U-shaped parallel feeder, and one end
portion thereof is connected to an end portion of the par-
allel feeder of the first switch valve. A tandem passage,
a neutral passage, and a supply passage are formed in
the valve main body of the second switch valve, and the
discharge flow channel of a second pump is connected
to the tandem passage and the supply passage. As the
spool is switched, the discharged fluid from the second
pump is supplied to the parallel feeder of the second
switch valve. At this time, if the first switch valve has been
switched, the discharged fluid from the second pump is
supplied to the parallel feeder of the first switch valve via
an end portion of the parallel feeder of the second switch
valve and is supplied to the actuator port by being com-
bined with the discharged fluid from the first pump.

SUMMARY OF INVENTION

[0005] With the fluid pressure control device disclosed
in JP2001-165106A, the valve main body of the second
switch valve is formed with a communication port that is
always in communication with the actuator port formed
in the valve main body of the first switch valve. As the
spool of the second switch valve is moved towards one
side, the communication port communicates with the tank
port that is formed in the valve main body of the second
switch valve and that communicates with a tank. Thus,
in this case, the actuator port communicates with the tank
via the communication port of the second switch valve.
As described above, in the fluid pressure control device

disclosed in JP2001-165106A, the first actuator port
communicates with the tank in accordance with the
movement of the spool of the first switch valve and also
communicates with the tank in accordance with the
movement of the spool of the second switch valve.
[0006] In the above, in general, in a spool valve, in
order to ensure the slidability of the spool, a small clear-
ance is formed between an outer circumference of the
spool and an inner circumference of a valve housing.
[0007] With the fluid pressure control device disclosed
in JP2001-165106A, because the first switch valve and
the second switch valve respectively control the commu-
nication between the actuator port and the tank, there is
a risk in that working fluid in the actuator port leaks out
of the tank from the outer circumferences of the respec-
tive spools of the first switch valve and the second switch
valve.
[0008] An object of the present invention is to suppress
a leakage of working fluid from a spool valve of a fluid
pressure control device.
[0009] According to one aspect of the present inven-
tion, a fluid pressure control device, which is configured
to be capable of combining working fluid discharged from
a first pump and working fluid discharged from a second
pump and of supplying the combined working fluid to a
fluid pressure chamber of a fluid pressure actuator, in-
cludes: a first pump passage configured to guide the
working fluid discharged from the first pump; a second
pump passage configured to guide the working fluid dis-
charged from the second pump; a first spool valve con-
figured to control a flow of the working fluid to be supplied
from the first pump to the fluid pressure actuator; a sec-
ond spool valve configured to control the flow of the work-
ing fluid to be supplied from the second pump to the fluid
pressure actuator; a connecting passage connecting the
first spool valve and the second spool valve; a first fluid
pressure passage configured to allow the first spool valve
communicate with the fluid pressure chamber of the fluid
pressure actuator; a second fluid pressure passage con-
figured to allow the second spool valve communicate with
the fluid pressure chamber of the fluid pressure actuator;
a first tank passage connected to the first spool valve
and communicated with a tank; and a second tank pas-
sage connected to the second spool valve and commu-
nicated with the tank. The first spool valve has: a first
supply position at which the first fluid pressure passage
is communicated with the first pump passage; and a first
discharge position at which the first fluid pressure pas-
sage is communicated with the first tank passage and
the first fluid pressure passage is communicated with the
connecting passage. The second spool valve has: a sec-
ond supply position at which the second fluid pressure
passage is communicated with the second pump pas-
sage; and a second discharge position at which the con-
necting passage is communicated with the second tank
passage and the second fluid pressure passage is shut
off from the second tank passage.
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BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a hydraulic circuit diagram showing a fluid
pressure control device according to an embodiment
of the present invention.
FIG. 2 is a sectional view showing the fluid pressure
control device according to the embodiment of the
present invention and shows a state in which a switch
valve is set at a first neutral position and a flow-com-
bining control valve is set at a second neutral posi-
tion.
FIG. 3 is a sectional view showing the fluid pressure
control device according to the embodiment of the
present invention and shows a state in which the
switch valve is set at a first extending position and a
flow-combining control valve is set at a second ex-
tending position.
FIG. 4 is a hydraulic circuit diagram showing a mod-
ification of the fluid pressure control device according
to the embodiment of the present invention.
FIG. 5 is a hydraulic circuit diagram of the fluid pres-
sure control device according to a comparative ex-
ample of the present invention.
FIG. 6 is an enlarged sectional view of the fluid pres-
sure control device according to the comparative ex-
ample of the present invention.

DESCRIPTION OF EMBODIMENTS

[0011] A fluid pressure control device 100 according
to an embodiment of the present invention will be de-
scribed bellow with reference to the drawings. In the fol-
lowing, as an example, a description will be given of the
fluid pressure control device 100 that is provided in a fluid
pressure control system 101 used for a construction ma-
chinery, in particular a hydraulic excavator, to control
flows of working fluid supplied/discharged to/from a fluid
pressure actuator.
[0012] An overall configuration of the fluid pressure
control system 101 provided with the fluid pressure con-
trol device 100 will be first explained with reference to
FIG. 1.
[0013] The fluid pressure control system 101 controls
movement of a hydraulic cylinder 1 serving as the fluid
pressure actuator for driving objects to be driven (not
shown) such as a boom, an arm, a bucket, or the like. In
the following, the fluid pressure control device 100 that
controls the movement of the hydraulic cylinder 1 for driv-
ing the boom serving as the object to be driven will be
explained as an example.
[0014] As shown in FIG. 1, the fluid pressure control
system 101 is provided with a first pump 7 and a second
pump 8 that are each driven by an engine (not shown)
or a motor (not shown) and that discharge working oil
serving as the working fluid, a tank 9 that stores the work-
ing oil, and the fluid pressure control device 100 that

moves the hydraulic cylinder 1 by controlling the flow of
the working oil that is supplied/discharged to/from the
hydraulic cylinder 1.
[0015] The hydraulic cylinder 1 is a double acting type
cylinder having a piston 4 that partitions an interior of a
cylinder tube 2 into a rod side chamber 5 and a bottom-
side chamber 6 that are respectively fluid pressure cham-
bers. A piston rod 3 is linked to the piston 4.
[0016] As the working oil is supplied to the bottom-side
chamber 6 and the working oil is discharged from the rod
side chamber 5, the hydraulic cylinder 1 is extended to
lift the boom. Conversely, as the working oil is supplied
to the rod side chamber 5 and the working oil is dis-
charged from the bottom-side chamber 6, the hydraulic
cylinder 1 is contracted to lower the boom.
[0017] The fluid pressure control device 100 is provid-
ed with a first neutral passage 10 that connects the first
pump 7 and the tank 9, a second neutral passage 11 that
connects the second pump 8 and the tank 9, a switch
valve 30 serving as a first spool valve that is provided on
the first neutral passage 10 and that controls the flow of
the working oil from the first pump 7 to the hydraulic cyl-
inder 1, and a flow-combining control valve 60 serving
as a second spool valve that is provided on the second
neutral passage 11 and that controls the flow of the work-
ing oil supplied from the second pump 8 to the hydraulic
cylinder 1. The fluid pressure control device 100 can com-
bine the working oil discharged from the first pump 7 and
the working oil discharged from the second pump 8 and
supply the combined working oil to the hydraulic cylinder
1.
[0018] The first neutral passage 10 is formed of a first
pump passage 10a that is an upstream passage of the
switch valve 30 and that guides the working oil dis-
charged from the first pump 7 and a first downstream
passage 10b that is a downstream passage of the switch
valve 30. The second neutral passage 11 is an upstream
passage of the flow-combining control valve 60, and is
formed of a second pump passage 11a that guides the
working oil discharged from the second pump 8 and a
second downstream passage 11b that is a downstream
passage of the flow-combining control valve 60. The first
downstream passage 10b and the second downstream
passage 11b are joined with each other and communi-
cate with the tank 9.
[0019] In addition, the fluid pressure control device 100
is provided with a rod side passage 12 that communicates
with the rod side chamber 5 of the hydraulic cylinder 1,
a bottom side passage 13 that communicates with the
bottom-side chamber 6 of the hydraulic cylinder 1, a first
connecting passage 14 and a second connecting pas-
sage 15 that respectively connect the switch valve 30
and the flow-combining control valve 60, a first tank pas-
sage 16 that is connected to the switch valve 30 and
communicates with the tank 9, and a second tank pas-
sage 17 that is connected to the flow-combining control
valve 60 and communicates with the tank 9.
[0020] The rod side passage 12 has a first rod side

3 4 



EP 3 943 755 A1

4

5

10

15

20

25

30

35

40

45

50

55

passage 12a through which the switch valve 30 is com-
municated with the rod side chamber 5 and a second rod
side passage 12b through which the flow-combining con-
trol valve 60 is communicated with the rod side chamber
5. The first rod side passage 12a and the second rod
side passage 12b are joined with each other and com-
municate with the rod side chamber 5.
[0021] The bottom side passage 13 has a first bottom
side passage 13a through which the switch valve 30 is
communicated with the bottom-side chamber 6 and a
second bottom side passage 13b through which the flow-
combining control valve 60 is communicated with the bot-
tom-side chamber 6. The first bottom side passage 13a
and the second bottom side passage 13b are joined with
each other and communicate with the bottom side cham-
ber 6.
[0022] The switch valve 30 is a spool valve having eight
ports and three positions. In the switch valve 30, in re-
sponse to an operation direction and an operation
amount of an operation lever (not shown) by an operator,
a pilot pressure is guided to a pair of first pilot pressure
chambers 50a and 50b, and a position is switched. Spe-
cifically, in the switch valve 30, a first spool 40 (see FIG.
2), which will be described below, is moved to the position
in accordance with the level of the pilot pressure exter-
nally supplied to the pair of first pilot pressure chambers
50a and 50b, and the position is switched between a first
neutral position 30A, a first extending position 30B, and
a first contracting position 30C.
[0023] In a state in which the pilot pressure is not sup-
plied to the pair of first pilot pressure chambers 50a and
50b, the switch valve 30 is maintained at the first neutral
position 30A by a biasing force exerted by centering
springs 58a and 58b. At the first neutral position 30A, the
first neutral passage 10 is opened, and the working oil
discharged from the first pump 7 is guided to the tank 9
through the first neutral passage 10. At the first neutral
position 30A, the respective communications of the rod
side chamber 5 and the bottom-side chamber 6 with the
first pump passage 10a, the first tank passage 16, the
first connecting passage 14, and the second connecting
passage 15 are shut off. With such a configuration, the
supply/discharge of the working oil to/from the hydraulic
cylinder 1 is shut off, and the hydraulic cylinder 1 is in a
load-holding state.
[0024] As the pilot pressure is guided to the one first
pilot pressure chamber 50a, the switch valve 30 is
switched to the first extending position 30B in accordance
with the level of the pilot pressure. At the first extending
position 30B, the first pump passage 10a of the first neu-
tral passage 10 is shut off from the first downstream pas-
sage 10b and is communicated with the first bottom side
passage 13a. In addition, at the first extending position
30B, the first rod side passage 12a is communicated with
the first tank passage 16 via a first rod side restrictor 30d
imparting resistance to the flow of the working oil flowing
therethrough and is communicated with the first connect-
ing passage 14. With such a configuration, the working

oil that has been discharged from the first pump 7 is sup-
plied to the bottom-side chamber 6 and the working oil
in the rod side chamber 5 is discharged to the tank 9,
and thereby, the hydraulic cylinder 1 is extended. In ad-
dition, the flowing amount of the working oil discharged
from the rod side chamber 5 through the first tank pas-
sage 16 is controlled by the first rod side restrictor 30d,
and thereby, the speed of the extension of the hydraulic
cylinder 1 is controlled.
[0025] As the pilot pressure is guided to the other first
pilot pressure chamber 50b, the switch valve 30 is
switched to the first contracting position 30C in accord-
ance with the level of the pilot pressure. At the first con-
tracting position 30C, the first pump passage 10a is shut
off from the first downstream passage 10b and is com-
municated with the first rod side passage 12a. In addition,
at the first contracting position 30C, the first bottom side
passage 13a is communicated with the first tank passage
16 via a first bottom side restrictor 30e imparting resist-
ance to the flow of the working oil flowing therethrough
and is communicated with the second connecting pas-
sage 15. With such a configuration, the working oil that
has been discharged from the first pump 7 is supplied to
the rod side chamber 5, and the working oil in the bottom-
side chamber 6 is discharged to the tank 9, and thereby,
the hydraulic cylinder 1 is contracted. In addition, the flow-
ing amount of the working oil discharged from the bottom-
side chamber 6 through the first tank passage 16 is con-
trolled by the first bottom side restrictor 30e, and thereby,
the speed of the extension of the hydraulic cylinder 1 is
controlled.
[0026] The flow-combining control valve 60 is the spool
valve having eight ports and three positions. In the flow-
combining control valve 60, when the operation amount
of the operation lever by the operator is equal to or greater
than a predetermined amount, the pilot pressure is guid-
ed to a pair of second pilot pressure chambers 80a and
80b in accordance with the operation direction of the op-
eration lever, and the position is switched. Specifically,
in the flow-combining control valve 60, a second spool
70 (see FIG. 2), which will be described below, is moved
to the position in accordance with the level of the pilot
pressure externally supplied to the pair of second pilot
pressure chambers 80a and 80b, and the position is
switched between a second neutral position 60A, a sec-
ond extending position 60B, and a second contracting
position 60C.
[0027] In a state in which the pilot pressure is not sup-
plied to the pair of second pilot pressure chambers 80a
and 80b, the flow-combining control valve 60 is main-
tained at the second neutral position 60A by the biasing
force exerted by centering springs 88a and 88b. At the
second neutral position 60A, the second neutral passage
11 is opened, and the working oil discharged from the
second pump 8 is guided to the tank 9 through the second
neutral passage 11. In addition, at the second neutral
position 60A, the respective communications of the sec-
ond tank passage 17 with the second rod side passage
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12b, the second bottom side passage 13b, the first con-
necting passage 14, and the second connecting passage
15 are shut off.
[0028] As the pilot pressure is guided to the one second
pilot pressure chamber 80a, the flow-combining control
valve 60 is switched to the second extending position
60B in accordance with the level of the pilot pressure. At
the second extending position 60B, the second pump
passage 11a of the second neutral passage 11 is shut
off from the second downstream passage 11b and is
communicated with the second bottom side passage
13b. With such a configuration, the working oil that has
been discharged from the second pump 8 is combined
with the working oil that has been discharged from the
first pump 7, and the combined working oil is supplied to
the bottom-side chamber 6.
[0029] At the second extending position 60B, the first
connecting passage 14 is communicated with the second
tank passage 17 via a second rod side restrictor 60d.
With such a configuration, a part of the working oil dis-
charged from the rod side chamber 5 is discharged to
the tank 9 through the switch valve 30, the first connecting
passage 14, the flow-combining control valve 60, and the
second tank passage 17. The flowing amount of the work-
ing oil discharged from the rod side chamber 5 through
the second tank passage 17 is controlled by the second
rod side restrictor 60d, and thereby, the speed of the
extension of the hydraulic cylinder 1 is controlled. In ad-
dition, at the second extending position 60B, the com-
munication of the second rod side passage 12b with the
second tank passage 17 is shut off.
[0030] As the pilot pressure is guided to the other sec-
ond pilot pressure chamber 80b, the flow-combining con-
trol valve 60 is switched to the second contracting posi-
tion 60C in accordance with the level of the pilot pressure.
At the second contracting position 60C, the second pump
passage 11a is shut off from the second downstream
passage 11b and is communicated with the second rod
side passage 12b. With such a configuration, the working
oil that has been discharged from the second pump 8 is
combined with the working oil that has been discharged
from the first pump 7 and guided to the first rod side pas-
sage 12a, and the combined working oil is supplied to
the rod side chamber 5.
[0031] In addition, at the second contracting position
60C, the second connecting passage 15 is communicat-
ed with the second tank passage 17 via a second bottom
side restrictor 60e. With such a configuration, a part of
the working oil that has been discharged from the bottom-
side chamber 6 is discharged to the tank 9 through the
switch valve 30, the second connecting passage 15, the
flow-combining control valve 60, and the second tank
passage 17. The flowing amount of the working oil dis-
charged from the bottom-side chamber 6 through the
second tank passage 17 is controlled by the second bot-
tom side restrictor 60e, and thereby, the speed of the
extension of the hydraulic cylinder 1 is controlled. In ad-
dition, at the second contracting position 60C, the com-

munication between the second bottom side passage
13b and the second tank passage 17 is shut off.
[0032] As described above, the fluid pressure control
device 100 according to this embodiment is configured
such that, in both cases of the extension and contraction
of the hydraulic cylinder 1, it is possible to combine the
working oil discharged from the second pump 8 with the
working oil that has been discharged from the first pump
7 and to supply the combined working oil to the hydraulic
cylinder 1.
[0033] In addition, in the fluid pressure control device
100, the flow-combining control valve 60 shuts off the
second tank passage 17 from the second rod side pas-
sage 12b and the second bottom side passage 13b at
the second neutral position 60A. In the flow-combining
control valve 60, at the second extending position 60B,
the communication between the second rod side pas-
sage 12b and the second tank passage 17 is shut off,
and at the second contracting position 60C, the commu-
nication between the second bottom side passage 13b
and the second tank passage 17 is shut off. As described
above, the second bottom side passage 13b and the sec-
ond rod side passage 12b serving as a second fluid pres-
sure passage guide the working oil that has been dis-
charged from the second pump 8 to the hydraulic cylinder
1, but do not guide the working oil that has been dis-
charged from the hydraulic cylinder 1 to the tank 9. The
working oil that has been discharged from the hydraulic
cylinder 1 is discharged to the tank 9 from the first con-
necting passage 14 or the second connecting passage
15 through the second tank passage 17.
[0034] In a case in which the working oil discharged
from the first pump 7 and the working oil discharged from
the second pump 8 are combined, and in which the com-
bined working oil is supplied to the bottom-side chamber
6 serving as a fluid pressure chamber, the first connecting
passage 14 corresponds to "a connecting passage", the
first bottom side passage 13a corresponds to "a first fluid
pressure passage", and the second bottom side passage
13b corresponds to "the second fluid pressure passage"
in the claims. In addition, in this case, the first extending
position 30B, the first contracting position 30C, and the
first rod side restrictor 30d of the switch valve 30 corre-
spond to "a first supply position", "a first discharge posi-
tion", and "a first discharge restrictor" in the claims, re-
spectively, and the second extending position 60B and
the second contracting position 60C of the flow-combin-
ing control valve 60 correspond to "a second supply po-
sition" and "a second discharge position" in the claims,
respectively.
[0035] Conversely, in a case in which the working oil
discharged from the first pump 7 and the working oil dis-
charged from the second pump 8 are combined, and in
which the combined working oil is supplied to the rod side
chamber 5 serving as the fluid pressure chamber, the
second connecting passage 15, the first rod side passage
12a, and the second rod side passage 12b correspond
to "the connecting passage", "the first fluid pressure pas-
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sage", and "the second fluid pressure passage" in the
claims, respectively. In addition, in this case, the first con-
tracting position 30C, the first extending position 30B,
and the first bottom side restrictor 30e of the switch valve
30 correspond to "the first supply position", "the first dis-
charge position", and "the first discharge restrictor" in the
claims, respectively, and the second contracting position
60C and the second extending position 60B of the flow-
combining control valve 60 correspond to "the second
supply position" and "the second discharge position" in
the claims, respectively.
[0036] Next, a specific configuration of the fluid pres-
sure control device 100 according to this embodiment
will be described with reference to FIG. 2.
[0037] As shown in FIG. 2, the switch valve 30 has a
first housing 100a in which a first spool hole 31 is formed,
the first spool 40 that is received in the first spool hole
31 so as to be freely movable, the pair of first pilot pres-
sure chambers 50a and 50b that respectively face both
ends of the first spool 40, and a centering spring 58 that
imparts the biasing force to the first spool 40.
[0038] The first spool hole 31 is a through hole whose
both ends respectively open at end surfaces of the first
housing 100a. In the first housing 100a, a first down-
stream side port 32 that communicates with the first
downstream passage 10b of the first neutral passage 10,
a pair of first upstream side ports 33a and 33b that com-
municate with the first pump passage 10a of the first neu-
tral passage 10 on the upstream side, a first rod side port
35a that communicates with the first rod side passage
12a, a first bottom side port 35b that communicates with
the first bottom side passage 13a, a pair of connecting
ports 36a and 36b that respectively communicate with
the first connecting passage 14 and the second connect-
ing passage 15, and a pair of first tank ports 37a and 37b
that communicate with the first tank passage 16 are re-
spectively formed to have annular shapes in an inner
circumference of the first spool hole 31 so as to open to
the first spool hole 31.
[0039] In addition, although a detailed illustration is
omitted, a first bridge passage 10c whose both ends open
to the first spool hole 31 is formed in the first housing
100a. Both ends of the first bridge passage 10c open to
the first spool hole 31 via a pair of first bridge ports 34a
and 34b that are respectively formed to have annular
shapes in the inner circumference of the first spool hole
31.
[0040] A pair of first caps 51a and 51b for closing open-
ings of the first spool hole 31 are respectively attached
to both ends of the first housing 100a. The pair of first
pilot pressure chambers 50a and 50b of the switch valve
30 are respectively formed in the pair of first caps 51a
and 51b.
[0041] In the one first cap 51a, a recessed portion 52a
into which the first spool 40 can enter and a pilot port 54a
that communicates with the recessed portion 52a are
formed. Because the recessed portion 52a is provided,
the one first pilot pressure chamber 50a is formed, and

so, the pilot pressure is guided to the recessed portion
52a through the pilot port 54a.
[0042] In the other first cap 51b, a first large diameter
hole 52b into which the first spool 40 can enter, a first
small diameter hole 53b that has a smaller inner diameter
than the first large diameter hole 52b and that commu-
nicates with the first large diameter hole 52b, and a pilot
port 54b that communicates with the first small diameter
hole 53b are formed. Because the first small diameter
hole 53b and the first large diameter hole 52b are pro-
vided, the other first pilot pressure chamber 50b is
formed, and so, the pilot pressure is guided to the first
pilot pressure chamber 50b through the pilot port 54b.
[0043] A first support member 55 is attached to an end
portion of the first spool 40 so as to be coaxial with the
first spool 40. The first support member 55 has a first
shaft portion 56 that is fixed to the end portion of the first
spool 40 and a first head portion 57 that has a larger
outer diameter than the first shaft portion 56. As shown
in FIG. 2, the first head portion 57 of the first support
member 55 is inserted into the first small diameter hole
53b at the first neutral position 30A.
[0044] The centering spring 58 is provided in the other
first cap 51b. Specifically, the centering spring 58 is pro-
vided around an outer circumference of the first shaft
portion 56 of the first support member 55 between the
end surface of the first spool 40 and the first head portion
57. When the switch valve 30 is positioned at the first
neutral position 30A, both ends of the centering spring
58 are respectively seated, via spring washers 59a and
59b, on an end surface of the first housing 100a and on
a step surface 52c formed between the first large diam-
eter hole 52b and the first small diameter hole 53b of the
first cap 51b. The single centering spring 58 shown in
FIG. 2 functions as the pair of centering springs 58a and
58b in the hydraulic circuit diagram shown in FIG. 1.
[0045] As the first spool 40 is moved to the right direc-
tion in the figure by the pilot pressure guided to the one
first pilot pressure chamber 50a, the one spring washer
59a being seated on the first housing 100a is pushed by
the first spool 40 and is moved to the right direction in
the figure together with the first spool 40. At this time, the
movement of the other spring washer 59b to the right
direction in the figure is restricted by the step surface 52c
of the first cap 51b, and so, the centering spring 58 is
compressed. As the supply of the pilot pressure to the
first pilot pressure chamber 50a is shut off, the first spool
40 is moved to the left direction in the figure by a restoring
force of the centering spring 58, and thereby, the switch
valve 30 is held at the first neutral position 30A.
[0046] Conversely, as the first spool 40 is moved to
the left direction in the figure by the pilot pressure guided
to the other first pilot pressure chamber 50b, the other
spring washer 59b being seated on the step surface 52c
of the first cap 51b is pushed by the first head portion 57
and is moved to the left direction in the figure together
with the first spool 40. At this time, between the move-
ment of the one spring washer 59a to the left direction in
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the figure is restricted by the first housing 100a, the
centering spring 58 is caused to be compressed. When
the supply of the pilot pressure to the first pilot pressure
chamber 50b is shut off, the first spool 40 is moved to
the right direction in the figure by the restoring force of
the centering spring 58, and thereby, the switch valve 30
is held at the first neutral position 30A.
[0047] The first spool 40 has a first land part 41, a pair
of second land parts 42a and 42b, a pair of third land
parts 43a and 43b, a pair of fourth land parts 44a and
44b, and a pair of fifth land parts 45a and 45b, which are
each in sliding contact with the inner circumference of
the first spool hole 31. In the first spool 40, the one fifth
land part 45a, the one fourth land part 44a, the one third
land part 43a, the one second land part 42a, the first land
part 41, the other second land part 42b, the other third
land part 43b, the other fourth land part 44b, and the
other fifth land part 45b are provided in this order in the
shaft direction from one end towards the other end of the
first spool 40 (from the left side to the right side in FIG. 2).
[0048] A pair of first pump grooves 46a and 46b are
formed as annular grooves between the first land part 41
and the pair of second land parts 42a and 42b. First bridge
grooves 47a and 47b are respectively formed between
the pair of mutually adjacent second land parts 42a and
42b and the pair of third land parts 43a and 43b. First
connecting grooves 48a and 48b are respectively formed
between the pair of mutually adjacent third land parts 43a
and 43b and the pair of fourth land parts 44a and 44b.
First tank grooves 49a and 49b are respectively formed
between the pair of mutually adjacent fourth land parts
44a and 44b and the pair of fifth land parts 45a and 45b.
[0049] In outer circumferences of the pair of fourth land
parts 44a and 44b of the first spool 40, notches 40a and
40b respectively serving as the first rod side restrictor
30d and the first bottom side restrictor 30e (see FIG. 1)
are formed so as to respectively extend in the shaft di-
rection of the first spool 40 and so as to respectively com-
municate with the first tank grooves 49a and 49b. The
notches 40a and 40b respectively impart the resistance
to the flows of the working oil discharged to the tank 9
from the rod side chamber 5 and the bottom-side cham-
ber 6 through the first tank passage 16. In this embodi-
ment, although a plurality of (two for each in FIG. 2) notch-
es 40a and 40b are respectively formed along the cir-
cumferential direction of the first spool 40, the configu-
ration is not limited thereto, and only a single notch may
be formed. In a case in which the plurality of notches 40a
and 40b are formed in the first spool 40, whole of the
plurality of the notch 40a form the first rod side restrictor
30d shown in FIG. 1. Similarly, in a case in which the
plurality of notches 40b are formed in the first spool 40,
whole of the plurality of notches 40b form the first bottom
side restrictor 30e.
[0050] The flow-combining control valve 60 has a sec-
ond housing 100b in which a second spool hole 61 is
formed, the second spool 70 that is received in the sec-
ond spool hole 61 so as to be freely movable, the second

pilot pressure chambers 80a and 80b that respectively
face both ends of the second spool 70, and a centering
spring 88 that imparts the biasing force to the second
spool 70.
[0051] In this embodiment, the second housing 100b
is formed integrally with the first housing 100a of the
switch valve 30. In other words, the switch valve 30 and
the flow-combining control valve 60 are accommodated
in a common housing functioning as both of the first hous-
ing 100a and the second housing 100b. The configuration
is not limited thereto, and the first housing 100a and the
second housing 100b may be formed separately from
each other.
[0052] The second spool hole 61 is a through hole
whose both ends respectively open at end surfaces of
the second housing 100b. The second spool hole 61 is
formed such that its center axis extends in parallel with
the center axis of the first spool hole 31. In the second
housing 100b, a second downstream side port 62 that
communicates with the second downstream passage
11b of the second neutral passage 11, a pair of second
upstream side ports 63a and 63b that communicate with
the second pump passage 11a of the second neutral pas-
sage 11 on the upstream passage, a second rod side
port 65a that communicates with the second rod side
passage 12b, a second bottom side port 65b that com-
municates with the second bottom side passage 13b, a
pair of combining ports 66a and 66b that respectively
communicate with the first connecting passage 14 and
the second connecting passage 15, and a pair of second
tank ports 67a and 67b that communicate with the second
tank passage 17 are respectively formed to have annular
shapes in an inner circumference of the second spool
hole 61 so as to open to the second spool hole 61.
[0053] In addition, a second bridge passage 11c whose
both ends open to the second spool hole 61 is formed in
the second housing 100b. Both ends of the second bridge
passage 11c open to the second spool hole 61 via a pair
of second bridge ports 64a and 64b that are respectively
formed to have annular shapes in the inner circumfer-
ence of the second spool hole 61.
[0054] A pair of second caps 81a and 81b for closing
openings of the second spool hole 61 are respectively
attached to both ends of the second housing 100b. The
pair of second pilot pressure chambers 80a and 80b of
the flow-combining control valve 60 are respectively
formed in the pair of second caps 81a and 81b. The
centering spring 88 is provided in the one second cap
81a. In addition, a second support member 85 is attached
to end portion of the second spool 70 so as to be coaxial
with the second spool 70.
[0055] Because the pair of second caps 81a and 81b
and the second support member 85 have the similar con-
figurations with those of the pair of first caps 51a and 51b
and the first support member 55 in the switch valve 30,
a detailed description is omitted. In the one second cap
81a, a recessed portion 82a and a pilot port 84a are
formed in a corresponding manner to the recessed por-
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tion 52a and the pilot port 54a in the one first cap 51a.
In the other second cap 81b, a second large diameter
hole 82b, a second small diameter hole 83b, a step sur-
face 82c, and a pilot port 84b are formed in a correspond-
ing manner to the first large diameter hole 52b, the first
small diameter hole 53b, the step surface 52c, and the
pilot port 54b in the other first cap 51b. In addition, the
second support member 85 has a second shaft portion
86 and a second head portion 87 in a corresponding man-
ner to the first shaft portion 56 and the first head portion
57 in the first support member 55.
[0056] In addition, because the centering spring 88 and
a pair of spring washers 89a and 89b of the flow-com-
bining control valve 60 also have similar configurations
with those of the centering spring 58 and the pair of spring
washers 59a and 59b of the switch valve 30, a detailed
description is omitted. The single centering spring 88 of
the flow-combining control valve 60 shown in FIG. 2 ex-
hibits functions of the centering springs 88a and 88b in
the hydraulic circuit diagram shown in FIG. 1.
[0057] The second spool 70 has a first control land part
71, a pair of second control land parts 72a and 72b, a
pair of third control land parts 73a and 73b, a pair of fourth
control land parts 74a and 74b, and a pair of fifth control
land parts 75a and 75b, which are each in sliding contact
with the second spool hole 61. In the second spool 70,
the one fifth control land part 75a, the one fourth control
land part 74a, the one third control land part 73a, the one
second control land part 72a, the first control land part
71, the other second control land part 72b, the other third
control land part 73b, the other fourth control land part
74b, and the other fifth control land part 75b are provided
in this order in the shaft direction from one end towards
the other end of the second spool 70 (from the left side
to the right side in FIG. 2).
[0058] A pair of second pump grooves 76a and 76b
are formed as annular grooves between the first control
land part 71 and the pair of second control land parts 72a
and 72b. Second bridge grooves 77a and 77b are re-
spectively formed between the pair of mutually adjacent
second control land parts 72a and 72b and the pair of
third control land parts 73a and 73b. Combining connect-
ing grooves 78a and 78b are respectively formed be-
tween the pair of mutually adjacent third control land parts
73a and 73b and the pair of fourth control land parts 74a
and 74b. In addition, second tank grooves 79a and 79b
are respectively formed between the pair of mutually ad-
jacent fourth control land parts 74a and 74b and the pair
of fifth control land parts 75a and 75b.
[0059] In outer circumference of the pair of fourth con-
trol land parts 74a and 74b of the second spool 70, notch-
es 70a and 70b respectively serving as the second rod
side restrictor 60d and the second bottom side restrictor
60e are formed so as to respectively extend in the shaft
direction of the second spool 70 and so as to respectively
communicate with the second tank grooves 79a and 79b.
The notches 70a and 70b respectively impart the resist-
ance to the flows of the working oil discharged to the tank

9 from the rod side chamber 5 and the bottom-side cham-
ber 6 through the second tank passage 17. In this em-
bodiment, although a plurality of (two for each in FIG. 2)
notches 70a and 70b are respectively formed along the
circumferential direction of the second spool 70, the con-
figuration is not limited thereto, and only a single notch
may be formed. In a case in which the plurality of notches
70a and 70b are formed in the second spool 70, whole
of the plurality of the notches 70a form the second rod
side restrictor 60d shown in FIG. 1. Similarly, in a case
in which the plurality of notches 70b are formed in the
second spool 70, whole of the plurality of notches 70b
form the second bottom side restrictor 60e.
[0060] Next, action of this embodiment will be de-
scribed.
[0061] In the switch valve 30, with reference to the first
land part 41, the land parts 42a, 43a, 44a, 45a and the
grooves 46a, 47a, 48a, 49a in the first spool 40, which
are provided on the one side in the shaft direction, and
the land parts 42b, 43b, 44b, 45b and the grooves 46b,
47b, 48b, 49b in the first spool 40, which are provided on
the other side in the shaft direction, are configured such
that their respective functions are exchanged with each
other between corresponding configurations (configura-
tions forming the pair) in accordance with the moving
direction of the hydraulic cylinder 1. In addition, with ref-
erence to the first downstream side port 32, the ports
33a, 34a, 35a, 36a, 37a, which are provided on the one
side in the shaft direction, and the ports 33b, 34b, 35b,
36b, 37b, which are provided on the other side in the
shaft direction, are configured such that their respective
functions are exchanged with each other between cor-
responding configurations in accordance with the exten-
sion and the contraction of the hydraulic cylinder 1. Sim-
ilarly, in the flow-combining control valve 60, with refer-
ence to the first control land part 71, the control land parts
72a, 73a, 74a, 75a and the grooves 76a, 77a, 78a, 79a
in the second spool 70, which are provided on the one
side in the shaft direction, and the control land parts 72b,
73b, 74b, 75b and the grooves 76b, 77b, 78b, 79b in the
second spool 70, which are provided on the other side
in the shaft direction, are configured such that their re-
spective functions are exchanged with each other be-
tween corresponding configurations in accordance with
the extension and the contraction of the hydraulic cylinder
1. In addition, in the flow-combining control valve 60, with
reference to the second downstream side port 62, the
ports 63a, 64a, 65a, 66a, 67a, which are provided on the
one side in the shaft direction, and the ports 63b, 64b,
65b, 66b, 67b, which are provided on the other side in
the shaft direction, are configured such that their respec-
tive functions are exchanged with each other between
corresponding configurations in accordance with the ex-
tension and the contraction of the hydraulic cylinder 1.
Thus, in the following, a case in which the hydraulic cyl-
inder 1 is to be extended will be explained as an example,
and for a case in which the hydraulic cylinder 1 is to be
contracted, an explanation will be omitted appropriately.

13 14 



EP 3 943 755 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0062] The movement of the switch valve 30 will be
described first.
[0063] When there is no operational input from the op-
erator, the pilot pressure is not guided to neither of the
pair of first pilot pressure chambers 50a and 50b of the
switch valve 30. In this case, as shown in FIG. 2, the pair
of first upstream side ports 33a and 33b and the first
downstream side port 32 of the switch valve 30 are com-
municated via the pair of first pump grooves 46a and 46b.
With such a configuration, the first neutral passage 10 is
opened, and the working oil that has been discharged
from the first pump 7 is guided to the tank 9.
[0064] When there is the operational input by the op-
erator for the operation lever such that the hydraulic cyl-
inder 1 is to be extended, the pilot pressure is guided to
the one first pilot pressure chamber 50a of the switch
valve 30 in accordance with the operational input. The
first spool 40 is moved in accordance with the level of
the pilot pressure, and the switch valve 30 is shifted to
the first extending position 30B in accordance with the
moved amount of the first spool 40 (see FIG. 1).
[0065] Specifically, as shown in FIG. 3, as the pilot
pressure is guided to the first pilot pressure chamber 50a,
the first spool 40 is moved to the right direction in the
figure against the biasing force exerted by the centering
spring 58. With such a configuration, the communications
of the pair of first upstream side ports 33a and 33b with
the first downstream side port 32 are shut off by the first
land part 41 and the second land part 42a of the first
spool 40. In addition, the one first upstream side port 33a
is communicated with the first bridge port 34a via the first
bridge groove 47a, and the first bridge port 34b is com-
municated with the first bottom side port 35b via the first
bridge groove 47b. Furthermore, the first rod side port
35a is communicated with the connecting port 36a via
the first connecting groove 48a, and the connecting port
36a is communicated with the first tank port 37a via the
notch 40a and the first tank groove 49a.
[0066] Therefore, the working oil that has been dis-
charged from the first pump 7 is guided to the first bridge
passage 10c from the first pump passage 10a through
the first bridge groove 47a of the first spool 40, and then,
the working oil is guided to the bottom-side chamber 6
from the first bridge passage 10c through the first bridge
groove 47b and the first bottom side passage 13a. The
working oil in the rod side chamber 5 is discharged to the
tank 9 by being guided to the first tank passage 16 from
the first rod side passage 12a through the notch 40a. By
doing so, the hydraulic cylinder 1 is extended. In addition,
the part of the working oil in the rod side chamber 5 is
guided to the combining port 66a of the flow-combining
control valve 60 from the first rod side port 35a through
the connecting port 36a and the first connecting passage
14.
[0067] As the moved amount of the first spool 40 to the
right direction in FIG. 2 is increased, an opening area of
the notch 40a to the connecting port 36a is increased,
and the resistance imparted to the flow of the working oil

is decreased. The notch 40a is formed to have the length
along the shaft direction of the first spool 40 such that,
along with the movement of the first spool 40 to the right
direction in FIG. 2, the communication between the first
rod side port 35a and the connecting port 36a is estab-
lished before the communication between the first tank
port 37a and the connecting port 36a is established.
[0068] In a case in which the communication between
the first tank port 37a and the connecting port 36a is
established first by the notch 40a, and subsequently, the
communication between the first rod side port 35a and
the connecting port 36a is established, as the first spool
40 is moved during this period, the opening area of the
notch 40a to the connecting port 36a is increased. Thus,
the resistance imparted by the notch 40a to the flow of
the working oil is reduced, and it becomes more difficult
to effectively suppress a pressure change caused by the
establishment of the communication between the rod
side chamber 5 and the tank 9 by the establishment of
the communication between the first rod side port 35a
and the connecting port 36a. In contrast, as described in
this embodiment, by employing the configuration in which
the communication between the first rod side port 35a
and the connecting port 36a is established first, as the
notch 40a then comes to communicate with the connect-
ing port 36a, it is possible to readily discharge the working
oil in the rod side chamber 5 to the tank 9 through the
notch 40a, which is in a state where the opening area to
the connecting port 36a is relatively small. With such a
configuration, the pressure change caused by the estab-
lishment of the communication between the rod side
chamber 5 and the tank 9 is effectively relaxed by the
notch 40a, and therefore, it is possible to allow the hy-
draulic cylinder 1 to extend stably.
[0069] Next, the movement of the flow-combining con-
trol valve 60 will be described.
[0070] In a case in which there is no operational input
by the operator and in a case in which the operation
amount of the operation lever for extending the hydraulic
cylinder 1 is smaller than the predetermined amount, the
pilot pressure is not supplied to the second pilot pressure
chambers 80a and 80b of the flow-combining control
valve 60, and the flow-combining control valve 60 is held
at the second neutral position 60A by the biasing force
exerted by the centering spring 88 (see FIG. 1). In this
state, as shown in FIG. 2, the pair of second upstream
side ports 63a and 63b and the second downstream side
port 62 of the flow-combining control valve 60 are com-
municated via the pair of second pump grooves 76a and
76b. With such a configuration, the second neutral pas-
sage 11 is opened, and the working oil discharged from
the second pump 8 is guided to the tank 9.
[0071] Therefore, in a case in which the operation
amount of the operation lever for extending the hydraulic
cylinder 1 is smaller than the predetermined amount, only
the switch valve 30 is switched to the first extending po-
sition 30B (see FIG. 1), and the hydraulic cylinder 1 is
extended only by the working oil supplied from the first
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pump 7.
[0072] When the operation amount of the operation le-
ver for extending the hydraulic cylinder 1 becomes equal
to or greater than the predetermined amount, the pilot
pressure is also guided to the one second pilot pressure
chamber 80a of the flow-combining control valve 60. With
such a configuration, the second spool 70 is moved in
accordance with the level of the pilot pressure, and the
flow-combining control valve 60 is shifted to the second
extending position 60B in accordance with the moved
amount of the second spool 70 (see FIG. 1).
[0073] Specifically, as the pilot pressure is guided to
the second pilot pressure chamber 80a of the flow-com-
bining control valve 60, the second spool 70 is moved to
the right direction in the figure against the biasing force
exerted by the centering spring 88. With such a config-
uration, the communications of the pair of second up-
stream side ports 63a and 63b with the second down-
stream side port 62 are shut off by the first control land
part 71 and the second control land part 72a. In addition,
the one second upstream side port 63a is communicated
with the second bridge port 64a via the second bridge
groove 77a, and the second bridge port 64b is commu-
nicated with the second bottom side port 65b via the sec-
ond bridge groove 77b. Thus, the working oil discharged
from the second pump 8 is guided to the second bridge
passage 11c from the second pump passage 11a
through the second bridge groove 77a of the second
spool 70 and is guided to the second bottom side passage
13b from the second bridge passage 11c through the
second bridge groove 77b. With such a configuration,
the working oil discharged from the second pump 8 is
guided to the bottom-side chamber 6 by being combined
with the working oil that has been discharged from the
first pump 7.
[0074] In addition, the combining port 66a is commu-
nicated with the second tank port 67a via the notch 70a
and a second tank groove 79a. Thus, the part of the work-
ing oil in the rod side chamber 5 is guided to the flow-
combining control valve 60 from the switch valve 30
through the first connecting passage 14 and is dis-
charged to the tank 9 through the second tank passage
17.
[0075] As described above, when the working oil dis-
charged from the first pump 7 and the working oil dis-
charged from the second pump 8 are combined, the work-
ing oil that has been discharged from the hydraulic cyl-
inder 1 is discharged to the tank 9 through the switch
valve 30, and at the same time, discharged to the tank 9
also through the flow-combining control valve 60. Thus,
the working oil that has been discharged from the hy-
draulic cylinder 1 is discharged to the tank 9 through the
notch 40a (the first bottom side restrictor 30e) of the
switch valve 30, and at the same time, discharged to the
tank 9 through the notch 70a (the second bottom side
restrictor 60e) of the flow-combining control valve 60.
Therefore, the hydraulic cylinder 1 is extended at the
speed corresponding to the resistance imparted to the

working oil that has been discharged from the rod side
chamber 5 by the notch 40a of the switch valve 30 and
the notch 70a of the flow-combining control valve 60.
[0076] Here, for ease of understanding the present in-
vention, a fluid pressure control device 300 according to
a comparative example of the present invention will be
described with reference to FIGs. 5 and 6. Configurations
that are similar to those in the present embodiment are
assigned the same reference signs, and descriptions
thereof shall be omitted appropriately.
[0077] As shown in FIGs. 5 and 6, in the fluid pressure
control device 300 according to the comparative exam-
ple, the first connecting passage 14 and the second con-
necting passage 15 as described in this embodiment are
not provided. As shown in FIG. 5, a switch valve 230
according to the comparative example differs from the
configuration in the above-mentioned embodiment in
that, at a first extending position 230B, the first rod side
passage 12a is not communicated with the first connect-
ing passage 14, and at a first contracting position 230C,
the first bottom side passage 13a is not communicated
with the second connecting passage 15.
[0078] In addition, in a flow-combining control valve
260 according to the comparative example, at a second
extending position 260B, the second rod side passage
12b is communicated with the second tank passage 17.
The part of the working oil in the rod side chamber 5 is
discharged to the tank 9 from the second rod side pas-
sage 12b through the flow-combining control valve 260
and the second tank passage 17. In addition, in the flow-
combining control valve 260, at a second contracting po-
sition 260C, the second bottom side passage 13b is com-
municated with the second tank passage 17. The part of
the working oil in the bottom-side chamber 6 is dis-
charged to the tank 9 from the second bottom side pas-
sage 13b through the flow-combining control valve 260
and the second tank passage 17.
[0079] Similarly to the above-mentioned embodiment,
in the switch valve 230, at a first neutral position 230A,
the first neutral passage 10 is opened, and the respective
communications of the first rod side passage 12a and
the first bottom side passage 13a with the first pump pas-
sage 10a and the first tank passage 16 are shut off. In
addition, in the flow-combining control valve 260, at a
second neutral position 260A, the second neutral pas-
sage 11 is opened, and the respective communications
of the second rod side passage 12b and the second bot-
tom side passage 13b with the second pump passage
11a and the second tank passage 17 are shut off.
[0080] A case in which the hydraulic cylinder 1 is to be
extended will be described, as an example, with refer-
ence to an enlarged sectional view shown in FIG. 6. In
the fluid pressure control device 300, the first rod side
port 35a and the first tank port 37a of the switch valve
230 are adjacent with each other in the shaft direction,
and other ports like the connecting port 36a in the above-
mentioned embodiment are not provided between these
ports. The notch 40a that communicates with the first
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tank groove 49a is formed in a third land part 243a of a
first spool 240 that closes the first rod side port 35a in a
state in which the switch valve 230 has been switched
to the first neutral position 230A. Similarly, the second
rod side port 65a and the second tank port 67a of the
flow-combining control valve 260 are adjacent with each
other in the shaft direction. The notch 70a that commu-
nicates with the second tank groove 79a is formed in a
third control land part 273a of a second spool 270 that
closes the second rod side port 65a in a state in which
the flow-combining control valve 260 has been switched
to the second neutral position 260A.
[0081] As described above, in the fluid pressure control
device 300 according to the comparative example, the
working oil discharged from the second pump 8 is sup-
plied to the bottom-side chamber 6 or the rod side cham-
ber 5 through the second bottom side passage 13b or
the second rod side passage 12b. The part of the working
oil in the bottom-side chamber 6 or the rod side chamber
5 is discharged to the tank 9 from the second bottom side
passage 13b or the second rod side passage 12b through
the flow-combining control valve 260.
[0082] Here, in general, in the spool valve, in order to
ensure the slidability of the spool, a small clearance is
formed between the outer circumference of the spool and
the inner circumference of the valve housing. Therefore,
in a case in which the communication of the tank with the
rod side chamber and the bottom-side chamber is con-
trolled by the spool valve, even in a state in which the
communication with the tank is shut off, there is a risk in
that the working oil leaks out to the tank through the clear-
ance formed around the outer circumference of the spool.
[0083] Furthermore, in the hydraulic cylinder, the load
(the self weight) of the objects to be driven may act only
on either of the rod side chamber or the bottom-side
chamber. In such a case, in the load-holding state in
which the supply/discharge of the working oil is stopped
and the hydraulic cylinder is maintained at a stopped
state, the working oil in the rod side chamber or the bot-
tom-side chamber, on which the load pressure acts,
tends to leak through the clearance formed around the
outer circumference of the spool due to the influence of
the load pressure. For example, in a case in which the
hydraulic cylinder is provided to drive the boom, at the
load-holding state, the self weight (the load) of the boom
acts on the bottom-side chamber.
[0084] Thus, in the fluid pressure control device 300
according to the comparative example, when the switch
valve 230 is switched to the first neutral position 230A to
maintain the hydraulic cylinder 1 at the stopped state (the
load-holding state), the load pressure acting on the bot-
tom-side chamber 6 respectively acts on the switch valve
230 and the flow-combining control valve 260. Therefore,
in the fluid pressure control device 300 according to the
comparative example, there is a risk in that the working
oil in the bottom-side chamber 6 leaks out through the
clearance formed between the spool (the first spool 240,
the second spool 270) and the spool hole (the first spool

hole 31, the second spool hole 61) in each of the switch
valve 230 and the flow-combining control valve 260. If
the working oil in the bottom-side chamber 6, on which
the load pressure acts, leaks out through the clearance,
the hydraulic cylinder 1 is contracted in accordance with
the leaked amount, and the load can no longer be held.
[0085] In addition, in the fluid pressure control device
300, in a state in which the flow-combining control valve
260 has been switched to the second neutral position
260A, the third control land part 273a closes the second
rod side port 65a, and the notch 70a is formed in the third
control land part 273a. Therefore, an amount of the third
control land part 273a overlapped with the second spool
hole 61 on the inner side of the wall portion W is smaller
by an amount corresponding to the length of the notch
70a opposing to an wall portion W between the second
rod side port 65a and the second tank port 67a. Thus,
the working oil in the rod side chamber 5 tends to leak
out even further to the tank 9 through the clearance
formed around the outer circumference of the second
spool 270.
[0086] In contrast, in this embodiment, as described
above, even if the flow-combining control valve 60 is
switched to the second extending position 60B, the sec-
ond rod side passage 12b is not communicated with the
tank 9 and is shut off. In addition, even if the flow-com-
bining control valve 60 is switched to the second con-
tracting position 60C, the second bottom side passage
13b is not communicated with the tank 9 and is shut off.
In other words, the working oil in the rod side chamber 5
and the bottom-side chamber 6 is not discharged to the
tank 9 through the second rod side passage 12b and the
second bottom side passage 13b, respectively. As de-
scribed above, because the second rod side passage
12b and the second bottom side passage 13b are not
communicated with the tank 9 through the flow-combin-
ing control valve 60 (the second spool 70), the leakage
of the working oil in the rod side chamber 5 and the bot-
tom-side chamber 6 to the tank 9 from the clearance
around the outer circumference of the second spool 70
of the flow-combining control valve 60 is suppressed.
[0087] In addition, As shown in FIG. 2, in a state in
which the flow-combining control valve 60 has been
switched to the second neutral position 60A, the second
rod side port 65a is closed by the third control land part
73a of the second spool 70. As shown in FIG. 3, even in
a state in which the flow-combining control valve 60 has
been switched to the second extending position 60B,
more specifically, even in a state in which the second
spool 70 has completed a full stroke in the direction in
which the flow-combining control valve 60 is switched to
the second extending position 60B, the second rod side
port 65a is completely closed by the third control land
part 73a of the second spool 70. In this embodiment, the
state in which the second spool 70 has completed the
stroke in the direction in which the flow-combining control
valve 60 is switched to the second extending position
60B is the state in which a second head portion 87 of the
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second support member 85 provided on the end portion
of the second spool 70 is in contact with the second cap
81b (the state shown in FIG. 3).
[0088] As described above, in the flow-combining con-
trol valve 60, the second rod side port 65a is completely
closed by the third control land part 73a from the state in
which the flow-combining control valve 60 is in the second
neutral position 60A to the state in which the second spool
70 has completed the stroke such that the flow-combining
control valve 60 is switched to the second extending po-
sition 60B. In other words, because the flow-combining
control valve 60 has a configuration in which the com-
munication between the second rod side passage 12b
and the second tank passage 17 is shut off at the second
extending position 60B, there is no need to provide the
notch on the second tank port 67a side of the third control
land part 73a. With such a configuration, the amount of
the third control land part 73a overlapped with the second
spool hole 61 in the shaft direction of the second spool
70 can be increased. Therefore, the leakage of the work-
ing oil from the second rod side port 65a to the second
tank port 67a through the clearance between the third
control land part 73a and the second spool hole 61 is
suppressed.
[0089] In addition, in the flow-combining control valve
60, the combining ports 66a and 66b are respectively
provided between the second rod side port 65a and the
second tank port 67a and between the second bottom
side port 65b and the second tank port 67b. In the flow-
combining control valve 60, at the second neutral position
60A, the communication between the second rod side
port 65a and the combining port 66a and the communi-
cation between the second bottom side port 65b and the
combining port 66b are respectively shut off by the third
control land parts 73a and 73b. Therefore, even if the
load pressure acts on the second rod side port 65a and
the second bottom side port 65b, the load pressure is
shut off by the third control land parts 73a and 73b, and
the load pressure is prevented from acting directly on the
combining port 66a. Thus, in the load-holding state, the
leakage of the working oil in the combining port 66a to
the second tank port 67a due to the action of the load
pressure is suppressed. Therefore, the leakage of the
working oil in the second rod side port 65a to the second
tank port 67a is further suppressed.
[0090] According to the embodiment mentioned
above, the advantages described below are afforded.
[0091] In the fluid pressure control device 100, in the
flow-combining control valve 60, the communication be-
tween the second rod side passage 12b and the second
tank passage 17 is shut off at the second extending po-
sition 60B, and the communication between the second
bottom side passage 13b and the second tank passage
17 is shut off at the second contracting position 60C. The
flow-combining control valve 60 is configured such that
the second rod side passage 12b and the second bottom
side passage 13b are always in communication with the
second tank passage 17. More specifically, even in a

state in which the second spool 70 has completed the
stroke in the direction in which the flow-combining control
valve 60 is switched to the second extending position
60B, the second rod side port 65a, which is always in
communication with the rod side chamber 5, is closed by
the third control land part 73a. In addition, even in a state
in which the second spool 70 has completed the stroke
in the direction in which the flow-combining control valve
60 is switched to the second contracting position 60C,
the second bottom side port 65b, which is always in com-
munication with the bottom-side chamber 6, is closed by
the third control land part 73b. Thus, the leakage of the
working oil in the rod side chamber 5 and the bottom-
side chamber 6 to the tank 9 through the clearance
around the outer circumference of the second spool 70
is suppressed.
[0092] Next, a modification of the present invention will
be described.
[0093] The modification shown in FIG. 4 will be de-
scribed first.
[0094] In the above-mentioned embodiment, the sec-
ond rod side passage 12b is shut off from the second
tank passage 17 when the flow-combining control valve
60 is in the second extending position 60B, and the sec-
ond bottom side passage 13b is shut off from the second
tank passage 17 when the flow-combining control valve
60 is in the second contracting position 60C. In other
words, in the above-mentioned embodiment, each of the
rod side chamber 5 and the bottom-side chamber 6 cor-
responds to "the fluid pressure chamber" in the claims,
and the present invention is applied to both of the control
of the working oil to be supplied/discharged to/from the
rod side chamber 5 and the control of the working oil to
be supplied/discharged to/from the bottom-side chamber
6. In contrast, the present invention may only be applied
to either one of the control of the working oil to be sup-
plied/discharged to/from the rod side chamber 5 and the
control of the working oil to be supplied/discharged
to/from the bottom-side chamber 6. In the following, spe-
cific description will be given with reference to FIG. 4.
[0095] The modification shown in FIG. 4 is an example
showing a configuration in which the present invention
is only applied to the control of the flow of the working oil
supplied/discharged to/from the bottom-side chamber 6.
The fluid pressure control device 100 according to the
modification shown in FIG. 4 is provided with, similarly
to the above-mentioned embodiment, the first neutral
passage 10, the second neutral passage 11, the first rod
side passage 12a, the second rod side passage 12b, the
first bottom side passage 13a (the first fluid pressure pas-
sage), the second bottom side passage 13b (the second
fluid pressure passage), the second connecting passage
15 (the connecting passage), the first tank passage 16,
and the second tank passage 17. On the other hand, the
fluid pressure control device 100 according to the mod-
ification is not provided with the first connecting passage
14 in the above-mentioned embodiment.
[0096] A switch valve 130 according to the modification

21 22 



EP 3 943 755 A1

13

5

10

15

20

25

30

35

40

45

50

55

has: a first neutral position 130A at which the first neutral
passage 10 is opened; a first extending position 130B at
which the first bottom side passage 13a is communicated
with the first pump passage 10a and the first rod side
passage 12a is communicated with the first tank passage
16; and a first contracting position 130C at which the first
rod side passage 12a is communicated with the first
pump passage 10a, the first bottom side passage 13a is
communicated with the first tank passage 16, and the
first bottom side passage 13a is communicated with the
second connecting passage 15. In the modification, the
first extending position 130B corresponds to "the first
supply position", and the first contracting position 130C
corresponds to "the first discharge position" in the claims.
[0097] A flow-combining control valve 160 according
to the modification has: a second neutral position 160A
at which the second neutral passage 11 is opened; a
second extending position 160B at which the second bot-
tom side passage 13b is communicated with the second
pump passage 11a, and the second rod side passage
12b is communicated with the second tank passage 17;
and a second contracting position 160C at which the sec-
ond rod side passage 12b is communicated with the sec-
ond pump passage 11a, and the second connecting pas-
sage 15 is communicated with the second tank passage
17. At the second neutral position 160A, similarly to the
above-mentioned embodiment, the respective commu-
nications of the second rod side passage 12b, the second
bottom side passage 13b, and the second connecting
passage 15 with the second pump passage 11a and the
second tank passage 17 are shut off. In addition, at the
second contracting position 160C, the communication
between the second bottom side passage 13b and the
second tank passage 17 is shut off. In this modification,
the second extending position 160B corresponds to "the
second supply position", and the second contracting po-
sition 160C corresponds to "the second discharge posi-
tion" in the claims.
[0098] In a case in which the hydraulic cylinder 1 is to
be extended, when the flow-combining control valve 160
is switched to the second extending position 160B, sim-
ilarly to the above-mentioned embodiment, the working
oil discharged from the second pump 8 is guided to the
bottom-side chamber 6 through the second bottom side
passage 13b. On the other hand, in a case in which the
hydraulic cylinder 1 is to be extended in the modification
shown in FIG. 4, the part of the working oil in the rod side
chamber 5 is guided to the second tank passage 17 from
the second rod side passage 12b through the flow-com-
bining control valve 160.
[0099] In a case in which the hydraulic cylinder 1 is to
be contracted, when the flow-combining control valve
160 is switched to the second contracting position 160C,
similarly to the above-mentioned embodiment, the work-
ing oil discharged from the second pump 8 is guided to
the rod side chamber 5 through the second rod side pas-
sage 12b. In addition, similarly to the above-mentioned
embodiment, the part of the working oil that has been

discharged from the bottom-side chamber 6 is dis-
charged to the tank 9 by being guided to the second tank
passage 17 from the switch valve 130 through the second
connecting passage 15 and the flow-combining control
valve 160.
[0100] As described above, in the fluid pressure control
device 100 according to the modification, the second bot-
tom side passage 13b that is always in communication
with the bottom-side chamber 6 of the hydraulic cylinder
1 is shut off from the tank 9 at both of the second neutral
position 160A and the second contracting position 160C.
In a case in which the hydraulic cylinder 1 is to be con-
tracted, even if the flow-combining control valve 160 is
switched to the second contracting position 160C, the
part of the working oil in the bottom-side chamber 6 is
not discharged to the tank 9 through the second bottom
side passage 13b, but is discharged to the tank 9 through
the switch valve 130, the second connecting passage
15, and the flow-combining control valve 160. Thus, sim-
ilarly to the above-mentioned embodiment, the leakage
of the working oil in the bottom-side chamber 6 to the
tank 9 through the clearance around the outer circumfer-
ence of the second spool 70 of the flow-combining control
valve 160 is suppressed.
[0101] In the modification shown in FIG. 4, the present
invention is applied to the control of the working oil to be
supplied/discharged to/from the bottom-side chamber 6
serving as a load-side pressure chamber in the hydraulic
cylinder 1 for driving the boom. In contrast, the present
invention may be applied to the control of the flow of the
working oil to be supplied/discharged to/from an anti-
load-side pressure chamber (the rod side chamber 5 in
the hydraulic cylinder 1 for driving the boom).
[0102] Next, another modification will be described.
[0103] In the above-mentioned embodiment, descrip-
tion has been given of the fluid pressure control device
100 that controls the flow of the working oil to the hydraulic
cylinder 1 for driving the boom as the object to be driven.
In contrast, the fluid pressure control device 100 may
control the flow of the working oil to the hydraulic cylinder
1 for driving other objects to be driven such as the arm,
the bucket, and so forth.
[0104] In addition, the fluid pressure control device 100
may be provided with an anti-drift valve serving as a pop-
pet valve that prevents the working oil from being dis-
charged to the tank 9 from the load-side pressure cham-
ber on which the load pressure acts by shutting off the
tank passage (the first tank passage 16, the second tank
passage 17) in the load-holding state. With such a con-
figuration, it is possible to reliably prevent the leakage of
the working oil from the load-side pressure chamber by
the anti-drift valve and to suppress the leakage of the
working oil from the anti-load-side pressure chamber by
the effect of the fluid pressure control device 100 accord-
ing to the present invention.
[0105] The configurations, operations, and effects of
the embodiments of the present invention will be collec-
tively described below.

23 24 



EP 3 943 755 A1

14

5

10

15

20

25

30

35

40

45

50

55

[0106] The fluid pressure control device 100 config-
ured to be capable of combining the working oil that has
been discharged from the first pump 7 and the working
oil that has been discharged from the second pump 8
and of supplying the combined working oil to the fluid
pressure chamber (the rod side chamber 5, the bottom-
side chamber 6) of the hydraulic cylinder 1 includes: the
first pump passage 10a configured to guide the working
oil discharged from the first pump 7; the second pump
passage 11a configured to guide the working oil dis-
charged from the second pump 8; the switch valve 30,
130 configured to control the flow of the working oil from
the first pump 7 to the hydraulic cylinder 1; the flow-com-
bining control valve 60, 160 configured to control the flow
of the working oil supplied from the second pump 8 to
the hydraulic cylinder 1; the connecting passage (the first
connecting passage 14, the second connecting passage
15) configured to connect the switch valve 30, 130 and
the flow-combining control valve 60, 160; the first fluid
pressure passage (the first rod side passage 12a, the
first bottom side passage 13a) configured such that the
switch valve 30, 130 and the fluid pressure chamber (the
rod side chamber 5, the bottom-side chamber 6) of the
hydraulic cylinder 1 are communicated; the second fluid
pressure passage (the second rod side passage 12b, the
second bottom side passage 13b) configured such that
the flow-combining control valve 60, 160 and the fluid
pressure chamber (the rod side chamber 5, the bottom-
side chamber 6) of the hydraulic cylinder 1 are commu-
nicated; the first tank passage 16 connected to the switch
valve 30, 130 and communicated with the tank 9; and
the second tank passage 17 connected to the flow-com-
bining control valve 60, 160 and communicated with the
tank 9, wherein the switch valve 30, 130 has: the first
supply position (the first extending position 30B, 130B,
the first contracting position 30C) at which the first fluid
pressure passage (the first rod side passage 12a, the
first bottom side passage 13a) is communicated with the
first pump passage 10a; and the first discharge position
(the first contracting position 30C, 130C, the first extend-
ing position 30B) at which the first fluid pressure passage
(the first rod side passage 12a, the first bottom side pas-
sage 13a) is communicated with the first tank passage
16 and the first fluid pressure passage (the first rod side
passage 12a, the first bottom side passage 13a) is com-
municated with the connecting passage (the first con-
necting passage 14, the second connecting passage 15),
and the flow-combining control valve 60, 160 has: the
second supply position (the second extending position
60B, 160B, the second contracting position 60C) at which
the second fluid pressure passage (the second rod side
passage 12b, the second bottom side passage 13b) is
communicated with the second pump passage 11a; and
the second discharge position (the second contracting
position 60C, 160C, the second extending position 60B)
at which the connecting passage (the first connecting
passage 14, the second connecting passage 15) is com-
municated with the second tank passage 17, and the

second fluid pressure passage (the second rod side pas-
sage 12b, the second bottom side passage 13b) is shut
off from the second tank passage 17.
[0107] In this configuration, when the switch valve 30,
130 is switched to the first supply position (the first ex-
tending position 30B, 130B, the first contracting position
30C) and the flow-combining control valve 60, 160 is
switched to the second supply position (the second ex-
tending position 60B, 160B, the second contracting po-
sition 60C), the working oil that has been discharged from
the first pump 7 is guided to the first fluid pressure pas-
sage (the first rod side passage 12a, the first bottom side
passage 13a), and the working oil discharged from the
second pump 8 is guided to the second fluid pressure
passage (the second rod side passage 12b, the second
bottom side passage 13b). By doing so, the working oil
discharged from the first pump 7 and the working oil dis-
charged from the second pump 8 are combined, and the
combined working oil is supplied to the hydraulic cylinder
1. In addition, when the switch valve 30, 130 is switched
to the first discharge position (the first contracting position
30C, 130C, the first extending position 30B), the working
oil in the fluid pressure chamber (the rod side chamber
5, the bottom-side chamber 6) of the hydraulic cylinder
1 is discharged to the tank 9 through the first tank passage
16. Furthermore, when the flow-combining control valve
60, 160 is switched to the second discharge position (the
second contracting position 60C, 160C, the second ex-
tending position 60B) in a state in which the switch valve
30, 130 has been switched to the first discharge position
(the first contracting position 30C, 130C, the first extend-
ing position 30B), the working oil in the fluid pressure
chamber (the rod side chamber 5, the bottom-side cham-
ber 6) is discharged to the tank 9 through the second
tank passage 17 by being guided to the flow-combining
control valve 60, 160 through the switch valve 30, 130
and the connecting passage (the first connecting pas-
sage 14, the second connecting passage 15). On the
other hand, even when the flow-combining control valve
60, 160 is switched to the second discharge position (the
second contracting position 60C, 160C, the second ex-
tending position 60B), the second fluid pressure passage
(the second rod side passage 12b, the second bottom
side passage 13b) is not communicated with the tank 9
and is shut off. In other words, the working oil in the fluid
pressure chamber (the rod side chamber 5, the bottom-
side chamber 6) is not discharged to the tank 9 through
the second fluid pressure passage (the second rod side
passage 12b, the second bottom side passage 13b). As
described above, because the second fluid pressure pas-
sage (the second rod side passage 12b, the second bot-
tom side passage 13b) that is always in communication
with the fluid pressure chamber (the rod side chamber
5, the bottom-side chamber 6) of the hydraulic cylinder
1 is not configured to communicate with the tank 9 by the
flow-combining control valve 60, 160, the leakage of the
working oil in the fluid pressure chamber (the rod side
chamber 5, the bottom-side chamber 6) to the tank 9 from
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the second fluid pressure passage (the second rod side
passage 12b, the second bottom side passage 13b)
through the clearance around the outer circumference of
the spool (the second spool 70) of the flow-combining
control valve 60, 160 is suppressed.
[0108] In addition, in the fluid pressure control device
100, the switch valve 30, 130 has: the first housing 100a;
the first spool 40 received in the first spool hole 31 so as
to be freely movable, the first spool hole 31 being formed
in the first housing 100a; the first fluid pressure port (the
first rod side port 35a, the first bottom side port 35b) con-
figured to communicate with the first fluid pressure pas-
sage (the first rod side passage 12a, the first bottom side
passage 13a) and to open to the first spool hole 31; the
first tank ports 37a and 37b configured to communicate
with the first tank passage 16 and to open to the first
spool hole 31; the connecting ports 36a and 36b config-
ured to communicate with the connecting passage (the
first connecting passage 14, the second connecting pas-
sage 15) and to open to the first spool hole 31; the first
rod side restrictor 30d and the first bottom side restrictor
30e (the notches 40a and 40b) provided in the first spool
40, the first rod side restrictor 30d and the first bottom
side restrictor 30e (the notches 40a and 40b) being con-
figured to impart the resistance to the flow of the working
oil to be discharged to the tank 9 from the fluid pressure
chamber (the rod side chamber 5, the bottom-side cham-
ber 6) through the first fluid pressure passage (the first
rod side passage 12a, the first bottom side passage 13a)
in a state in which the switch valve 30, 130 has been
switched to the first discharge position (the first contract-
ing position 30C, 130C, the first extending position 30B),
and the flow-combining control valve 60, 160 has: the
second rod side restrictor 60d and the second bottom
side restrictor 60e (the notch 70a, the notch 70b) provided
in the second spool 70, the second rod side restrictor 60d
and the second bottom side restrictor 60e (the notch 70a,
the notch 70b) being configured to impart the resistance
to the flow of the working oil to be discharged to the tank
9 from the fluid pressure chamber (the rod side chamber
5, the bottom-side chamber 6) through the first fluid pres-
sure passage (the first rod side passage 12a, the first
bottom side passage 13a) and connecting passage (the
first connecting passage 14, the second connecting pas-
sage 15) in a state in which the flow-combining control
valve 60, 160 has been switched to the second discharge
position (the second contracting position 60C, 160C, the
second extending position 60B), wherein, as the first
spool 40 is moved in the direction in which the switch
valve 30, 130 is switched to the first discharge position
(the first contracting position 30C, 130C, the first extend-
ing position 30B), the communication between the first
fluid pressure port (the first rod side port 35a, the first
bottom side port 35b) and the connecting ports 36a and
36b is established before the establishment of the com-
munication between the first tank ports 37a and 37b and
the connecting ports 36a and 36b.
[0109] In this configuration, along with the movement

of the first spool 40, the communication between the first
fluid pressure port (the first rod side port 35a, the first
bottom side port 35b) and the connecting ports 36a and
36b is established first, and subsequently, the commu-
nication between the first tank ports 37a and 37b and the
connecting ports 36a and 36b is established via the first
rod side restrictor 30d and the first bottom side restrictor
30e (the notches 40a and 40b). Thus, the pressure
change caused by the establishment of the communica-
tion between the fluid pressure chamber (the rod side
chamber 5, the bottom-side chamber 6) and the tank 9
is relaxed by the first rod side restrictor 30d and the first
bottom side restrictor 30e (the notches 40a and 40b),
and therefore, it is possible to stably move the hydraulic
cylinder 1 at a desired speed.
[0110] In addition, in the fluid pressure control device
100, the flow-combining control valve 60, 160 has: the
second housing 100b; the second spool 70 received in
the second spool hole 61 so as to be freely movable, the
second spool hole 61 being formed in the second housing
100b; and the second fluid pressure port (the second rod
side port 65a, the second bottom side port 65b) config-
ured to communicate with the second fluid pressure pas-
sage (the second rod side passage 12b, the second bot-
tom side passage 13b) and to open to the second spool
hole 61, and the flow-combining control valve 60, 160
having the second neutral position 60A, 160A at which
the communication between the second tank passage
17 and the connecting passage (the first connecting pas-
sage 14, the second connecting passage 15) and the
communication between the second tank passage 17
and the second fluid pressure passage (the second rod
side passage 12b, the second bottom side passage 13b)
are respectively shut off, the second spool 70 has the
third control land parts 73a and 73b facing the second
fluid pressure port (the second rod side port 65a, the
second bottom side port 65b), the third control land parts
73a and 73b being configured so as to be slidably mov-
able in the second spool hole 61, and the second fluid
pressure port (the second rod side port 65a, the second
bottom side port 65b) is closed by the third control land
parts 73a and 73b of the second spool 70 from a state
in which the flow-combining control valve 60, 160 is at
the second neutral position 60A, 160A to a state in which
the second spool 70 has completed the stroke in the di-
rection in which the flow-combining control valve 60, 160
is switched to the second discharge position (the second
contracting position 60C, 160C, the second extending
position 60B).
[0111] In this configuration, in the flow-combining con-
trol valve 60, 160, the second fluid pressure port (the
second rod side port 65a, the second bottom side port
65b) is closed by the third control land parts 73a and 73b
at the second neutral position 60A, 160A, and the second
fluid pressure port (the second rod side port 65a, the
second bottom side port 65b) is closed by the third control
land parts 73a and 73b even in a state in which the flow-
combining control valve 60, 160 has been switched to
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the second discharge position (the second contracting
position 60C, 160C, the second extending position 60B)
and in which the second spool 70 has completed the
stroke. With such a configuration, the amount of the sec-
ond spool 70 overlapped with the second spool hole 61
is ensured. Thus, it is possible to further suppress the
leakage of the working oil in the second fluid pressure
port (the second rod side port 65a, the second bottom
side port 65b) to the tank 9 through the clearance around
the outer circumference of the second spool 70.
[0112] Embodiments of this invention were described
above, but the above embodiments are merely examples
of applications of this invention, and the technical scope
of this invention is not limited to the specific constitutions
of the above embodiments.
[0113] This application claims priority based on Japa-
nese Patent Application No.2019-55069 filed with the Ja-
pan Patent Office on March 22, 2019, the entire contents
of which are incorporated into this specification.

Claims

1. A fluid pressure control device configured to combine
working fluid discharged from a first pump and work-
ing fluid discharged from a second pump to supply
the combined working fluid to a fluid pressure cham-
ber of a fluid pressure actuator, the fluid pressure
control device comprising:

a first pump passage configured to guide the
working fluid discharged from the first pump;
a second pump passage configured to guide the
working fluid discharged from the second pump;
a first spool valve configured to control a flow of
the working fluid to be supplied from the first
pump to the fluid pressure actuator;
a second spool valve configured to control the
flow of the working fluid to be supplied from the
second pump to the fluid pressure actuator;
a connecting passage connecting the first spool
valve and the second spool valve;
a first fluid pressure passage configured to allow
the first spool valve communicate with the fluid
pressure chamber of the fluid pressure actuator;
a second fluid pressure passage configured to
allow the second spool valve communicate with
the fluid pressure chamber of the fluid pressure
actuator;
a first tank passage connected to the first spool
valve and communicated with a tank; and
a second tank passage connected to the second
spool valve and communicated with the tank,
wherein
the first spool valve has:

a first supply position at which the first fluid
pressure passage is communicated with the

first pump passage; and
a first discharge position at which the first
fluid pressure passage is communicated
with the first tank passage and the first fluid
pressure passage is communicated with the
connecting passage, and
the second spool valve has:

a second supply position at which the
second fluid pressure passage is com-
municated with the second pump pas-
sage; and
a second discharge position at which
the connecting passage is communi-
cated with the second tank passage
and the second fluid pressure passage
is shut off from the second tank pas-
sage.

2. The fluid pressure control device according to claim
1, wherein
the first spool valve has:

a first housing;
a first spool received in a first spool hole so as
to be freely movable, the first spool hole being
formed in the first housing;
a first fluid pressure port communicating with the
first fluid pressure passage and opening to the
first spool hole;
a tank port communicating with the first tank pas-
sage and opening to the first spool hole;
a connecting port communicating with the con-
necting passage and opening to the first spool
hole;
a connecting groove formed in the first spool,
the connecting groove being configured such
that the first fluid pressure port and the connect-
ing port are communicated via the connecting
groove along with movement of the first spool;
a tank groove formed in the first spool, the tank
groove being configured such that the connect-
ing port and the tank port are communicated via
the tank groove along with movement of the first
spool;
a land part provided between the connecting
groove and the tank groove of the first spool, the
land part being in sliding contact with the first
spool hole; and
a first discharge restrictor formed in the land part
so as to communicate with the tank groove, the
first discharge restrictor being configured to im-
part resistance to the flow of the working fluid
passing through the first discharge restrictor,
wherein
as the first spool is moved in the direction in
which the first spool valve is switched to the first
discharge position, a communication between
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the first fluid pressure port and the connecting
port is established before an establishment of a
communication between the tank port and the
connecting port.

3. The fluid pressure control device according to claim
1, wherein
the second spool valve has:

a second housing;
a second spool received in a second spool hole
so as to be freely movable, the second spool
hole being formed in the second housing; and
a second fluid pressure port communicating with
the second fluid pressure passage and opening
to the second spool hole, the second spool valve
having a neutral position at which a communi-
cation between the second tank passage and
the connecting passage and a communication
between the second tank passage and the sec-
ond fluid pressure passage are respectively shut
off,
the second spool has a control land part facing
the second fluid pressure port, the control land
part being in sliding contact with the second
spool hole, and
the second fluid pressure port is closed by the
control land part of the second spool from a state
in which the second spool valve is at the neutral
position to a state in which the second spool has
completed a stroke in a direction in which the
second spool valve is switched to the second
discharge position.
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