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FLUID PRESSURE CONTROL DEVICE

A fluid pressure control device (100) includes: a

first traveling control valve (20) controlling a flow of the
working oil supplied and discharged to and from a first
traveling motor (1); a cylinder control valve (25) control-
ling a flow of the working oil supplied to and discharged
from a hydraulic cylinder (3); a first merging passage (17)
introducing the working oil to the cylinder control valve
(25) from a third driving pump (P3); a communication
valve (40) to which the first merging passage (17) is con-
nected. A throttle portion (60) applying resistance to the
passing working oil is provided in the tank passage (51)
communicating with a second pilot chamber (41b) of the
communication valve (40).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to afluid pressure
control device.

BACKGROUND ART

[0002] JP2014-122644A discloses the one of a 3-cir-
cuit/3-pump type as a hydraulic circuit of a construction
machine. JP2014-122644A discloses circuit configura-
tion in which oil in a third pump is merged by a merging
valve into both first and second circuits when an actuator
operation is performed during running of a vehicle. This
hydraulic circuit is configured, when a boom raising and
swiveling operation is performed, to merge the oil in the
third pump through a parallel passage into the first circuit
to which a boom cylinder belongs by switching the merg-
ing valve and to shut off the oil in the third pump by a
swiveling control valve at the second circuit to which an
arm cylinder belongs.

[0003] In this hydraulic circuit, a pilot line communicat-
ing with a pilot hydraulic pressure source is connected
to a second pilot port of the merging valve. A first side
bypass line is connected to the pilot line. The first side
bypass line passes through a sub valve provided inte-
grally with an arm directional switching valve and is con-
nected to a drain line communicating with a tank on a
downstream side thereof.

SUMMARY OF INVENTION

[0004] In the hydraulic circuit disclosed in
JP2014-122644A, when an armis operated, forexample,
a pilot pressure which is an arm operation signal is intro-
duced to the sub valve of the arm directional switching
valve, and switching of the sub valve shuts off the first
side bypass line from the drain line. As a result, the arm
operation signal is input into a second pilot port of the
merging valve. Thus, a position of the merging valve is
switched, and working oil is supplied to the arm hydraulic
cylinder also from the third pump in addition to the work-
ing oil from the second pump.

[0005] As described above, in the aforementioned hy-
draulic circuit, in the case where a flow rate of the working
oil to the arm hydraulic cylinder is insufficient such as
during a complex operation when the arm is operated
during running of a vehicle, for example, the working oil
is supplied from the third pump to the arm hydraulic cyl-
inder in conjunction between the arm directional switch-
ing valve and the merging valve. As a result, shortage of
the flow rate of the working oil supplied to the arm hy-
draulic cylinder is prevented.

[0006] However, in such hydraulic circuit, since a
space where oil passages and ports are formed is limited,
there is limitation on shapes and arrangement of the oil
passages and the ports. Thus, itis difficult to match timing
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when the arm directional switching valve is switched with
timing when the merging valve is switched with accuracy.
[0007] Moreover, supply and discharge of the working
oil to and from the arm hydraulic cylinder is controlled by
the arm directional switching valve. Thus, if the merging
valve is switched so that the working oil is supplied from
the third pump to the arm hydraulic cylinder before the
armdirectional switching valve is switched and the supply
of the working oil to the arm hydraulic cylinder is allowed,
there is a concern that a load of the third pump increases.
[0008] The presentinvention has an object to improve
stability of the operation of the fluid pressure control de-
vice.

[0009] According to one aspect of the present inven-
tion, a fluid pressure control device includes: a main pas-
sage configured to introduce a working fluid discharged
from a first pump; a cylinder control valve provided in the
main passage, the cylinder control valve being config-
ured to control a flow of the working fluid supplied to and
discharged from a fluid pressure cylinder configured to
drive a load; a merging passage configured to introduce
the working fluid to the cylinder control valve from a sec-
ond pump; and acommunication valve to which the merg-
ing passage is connected, the communication valve hav-
ing a first pilot chamber to which a pilot passage to which
a pilot pressure is introduced is connected and a second
pilot chamber to which a tank passage communicating
with a tank is connected. A first control passage commu-
nicating with the tank through the cylinder control valve
is connected to the pilot passage. The communication
valve has a supply position where the working fluid is
introduced to the cylinder control valve from the second
pump and a shut-off position where a supply of the work-
ing fluid to the cylinder control valve from the second
pump is shut off, and when the first control passage is
shut off by the cylinder control valve so that pilot pressure
is introduced to the first pilot chamber and the commu-
nication valve is switched to the supply position. A resist-
ance portion configured to be applying resistance to the
passing working fluid is provided in the tank passage.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

FIG. 1 is a schematic diagram illustrating configura-
tion of a fluid pressure control device according to a
first embodiment of the present invention;

FIG. 2 is a sectional view of a communication valve
according to the first embodiment of the present in-
vention and is a view illustrating a state at a shut-off
position;

FIG. 3 is an enlarged sectional view of the commu-
nication valve according to a second embodiment of
the present invention and is a view illustrating a pe-
riphery of a tank passage and a throttle portion;
FIG. 4 is an enlarged sectional view of the commu-
nication valve according to afirst variation of the sec-
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ond embodiment of the present invention and is a
view corresponding to FIG. 3;

FIG. 5 is an enlarged sectional view of the commu-
nication valve according to a second variation of the
second embodiment of the present invention and is
a view corresponding to FIG. 3;

FIG. 6 is a schematic diagram illustrating configura-
tion of the fluid pressure control device according to
a third embodiment of the present invention;

FIG. 7 is an enlarged sectional view illustrating the
communication valve and a switching valve accord-
ing to the third embodiment of the present invention
and is a view illustrating a state where the switching
valve is at a first communication position;

FIG. 8 is a schematic diagram illustrating configura-
tion of the fluid pressure control device according to
a variation of the third embodiment of the present
invention; and

FIG. 9 is an enlarged sectional view illustrating the
communication valve and the switching valve ac-
cording to the variation of the third embodiment of
the presentinvention and is a view illustrating a state
where the switching valve is at the first communica-
tion position.

DESCRIPTION OF EMBODIMENTS
(First embodiment)

[0011] Hereinafter, a fluid pressure control device 100
according to a first embodiment of the present invention
will be described by referring to the attached drawings.
In the following, the fluid pressure control device 100 pro-
vided in a fluid pressure control system 101 that is used
for a construction machine or particularly for a hydraulic
excavator and that controls a flow of a working fluid sup-
plied and discharged to and from a fluid pressure actuator
will be described as an example.

[0012] First, entire configuration of the fluid pressure
control system 101 including the fluid pressure control
device 100 will be described by referring to FIG. 1.
[0013] The fluid pressure control system 101 includes
a plurality of hydraulic pumps P1, P2, and P3 discharging
working oil as the working fluid, a tank T storing the work-
ing oil, a first traveling motor 1 and a second traveling
motor 2 configured to drive a pair of crawler-type right
and left traveling devices (not shown), a hydraulic cylin-
der 3 as a fluid pressure cylinder configured to drive a
driving target (not shown) such as a boom, an arm or a
bucket, and a fluid pressure control device 100 config-
ured to control operations of the first traveling motor 1,
the second traveling motor 2, and the hydraulic cylinder
3. In the following, a case where the hydraulic cylinder 3
drives the boom will be described as an example, and
illustration and detailed description of the hydraulic cyl-
inder configured to drive the driving target other than the
boom will be omitted.

[0014] The fluid pressure control system 101 includes
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three hydraulic pumps, that is, a first driving pump P1 as
afirstpump, asecond driving pump P2, and a third driving
pump P3 as a second pump. The first driving pump P1,
the second driving pump P2, and the third driving pump
P3 are driven by an engine (not shown) or a motor (not
shown) and discharge the working oil.

[0015] The working oil is supplied to and discharged
from the first traveling motor 1 through a first supply and
discharge passage 10a and a second supply and dis-
charge passage 10b. The working oil is supplied to the
first traveling motor 1 from the first supply and discharge
passage 10a, and the first traveling motor 1 is rotated
forward by discharge of the working oil through a second
supply and discharge passage 10b. The working oil is
supplied to the first traveling motor 1 from the second
supply and discharge passage 10b, and the firsttraveling
motor 1 is rotated backward by discharge of the working
oil through the first supply and discharge passage 10a.
Similarly, the working oil is supplied and discharged to
and from the second traveling motor 2 through a third
supply and discharge passage 11a and a fourth supply
and discharge passage 11b. The working oil is supplied
to the second traveling motor 2 from the third supply and
discharge passage 11a, and the second traveling motor
2 is rotated forward by discharge of the working oil
through the fourth supply and discharge passage 11b.
The working oil is supplied to the second traveling motor
2 from the fourth supply and discharge passage 11b, and
the second traveling motor 2 is rotated backward by dis-
charge of the working oil through the third supply and
discharge passage 11a.

[0016] The hydraulic cylinder 3 is a double-acting cyl-
inder having a piston 5 dividing an inside of a cylinder
tube 4 into a rod-side chamber 7 and a bottom-side cham-
ber 8. A piston rod 6 is connected to the piston 5. The
working oil is supplied and discharged to and from the
rod-side chamber 7 of the hydraulic cylinder 3 through a
rod-side passage 12a. The working oil is supplied and
discharged to and from the bottom-side chamber 8 of the
hydraulic cylinder 3 through a bottom-side passage 12b.
[0017] Since the working oil is supplied to the bottom-
side chamber 8, and the working oil is discharged from
the rod-side chamber 7, the hydraulic cylinder 3 is ex-
tended and raises the boom. On the contrary, since the
working oil is supplied to the rod-side chamber 7, and
the working oil is discharged from the bottom-side cham-
ber 8, the hydraulic cylinder 3 is contracted and lowers
the boom.

[0018] Subsequently, specific configuration of the fluid
pressure control device 100 will be described.

[0019] The fluid pressure control device 100 includes
a first circuit system C1 connected to the first driving
pump P1 and to which the working oil is supplied from
the first driving pump P1, a second circuit system C2
connected to the second driving pump P2 and to which
the working oil is supplied from the second driving pump
P2, and a third circuit system C3 connected to the third
driving pump P3 and to which the working oil is supplied
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from the third driving pump P3.

[0020] The first circuit system C1 includes a first main
passage 13 configured to introduce the working oil dis-
charged from the first driving pump P1, a first traveling
control valve 20 provided in the first main passage 13
and configured to control a flow of the working oil supplied
and discharged to and from the first traveling motor 1,
and a cylinder control valve 25 provided in the first main
passage 13 onthe downstream of the fist traveling control
valve 20 and configured to control the flow of the working
oil supplied and discharged to and from the hydraulic
cylinder 3.

[0021] The first main passage 13 is connected to a
drain passage 14 communicating with the tank T and
introduces the working oil discharged from the first driving
pump P1 to the tank T.

[0022] The first traveling control valve 20 has a neutral
position 20A where the first main passage 13 is opened,
a forward rotation position 20B where the first traveling
motor 1 is rotated forward, and a backward rotation po-
sition 20C where the first traveling motor 1 is rotated
backward. The first traveling control valve 20 is switched
to the forward rotation position 20B when a pilot pressure
is introduced to one pilot pressure chamber 21a and is
switched to the backward rotation position 20C when the
pilot pressure is introduced to the other pilot chamber
21b. In a state where the pilot pressure is not introduced
to neither of the pair of the pilot chambers 21a and 21b,
the first traveling control valve 20 is maintained at the
neutral position 20A by a pair of centering springs 22a
and 22b.

[0023] In a state where the first traveling control valve
20 is at the neutral position 20A, the first supply and dis-
charge passage 10a and the second supply and dis-
charge passage 10b connected to the first traveling motor
1 communicate with a first drain merging passage 14a
merging into the drain passage 14, respectively. Thus,
the working oil is not supplied and discharged to and from
the first traveling motor 1, and itis not rotated. Moreover,
a branch passage 13a branching from the first main pas-
sage 13 is connected to the first traveling control valve
20. In the state where the first traveling control valve 20
is at the neutral position 20A, the first main passage 13
is opened, and the branch passage 13a is shut off.
[0024] When the first traveling control valve 20 is
switched to the forward rotation position 20B, the first
main passage 13 is shut off, and the working oil is intro-
duced to the first traveling motor 1 through the branch
passage 13a and the first supply and discharge passage
10a. Moreover, the working oil is discharged from the
first traveling motor 1 through the second supply and dis-
charge passage 10b and the first drain merging passage
14a. Thus, when the first traveling control valve 20 is
switched to the forward rotation position 20B, the first
traveling motor 1 is rotated forward.

[0025] When the first traveling control valve 20 is
switched to the backward rotation position 20C, the first
main passage 13 is shut off, and the working oil is intro-
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duced to the first traveling motor 1 through the branch
passage 13a and the second supply and discharge pas-
sage 10b, and the working oil is discharged through the
first supply and discharge passage 10a and the firstdrain
merging passage 14a. As described above, when the
firsttraveling control valve 20 is switched to the backward
rotation position 20C, the first traveling motor 1 is rotated
backward.

[0026] The cylinder control valve 25 has a neutral po-
sition 25A where the first main passage 13 is opened, an
extended position 25B where the hydraulic cylinder 3 is
extended, and a contracted position 25C where the hy-
draulic cylinder 3 is contracted. In the following, the ex-
tended position 25B and the contracted position 25C are
combined and also called an "operation position".
[0027] The cylinder control valve 25 is operated when
the pilot pressure (a "control pilot pressure" which will be
described later) is introduced to a pair of pilot chambers
26a and 26b through a pilot valve 27 from a pilot pump
PP. The pilot valve 27 introduces the pilot pressure to
either one of the pair of pilot chambers 26a and 26b in
accordance with an operation of the operation lever 28
by an operator.

[0028] The cylinder control valve 25 is switched to the
extended position 25B when the pilot pressure is intro-
duced to the one pilot chamber 26a and is switched to
the contracted position 25C when the pilot pressure is
led to the other pilot chamber 26b. In a state where the
pilot pressure is not introduced to neither of the pair of
pilot chambers 26a and 26b, the cylinder control valve
25 is maintained at the neutral position 25A by a pair of
centering springs 27a and 27b.

[0029] In a state where the cylinder control valve 25 is
atthe neutral position 25A, the rod-side passage 12a and
the bottom-side passage 12b connected to the hydraulic
cylinder 3 do not communicate and with the branch pas-
sage 13b branching from the first main passage 13 be-
tween them and the first traveling control valve 20 and
they are shut off, respectively. Moreover, at the neutral
position 25A, the rod-side passage 12a and the bottom-
side passage 12b do not communicate with the second
drain merging passage 14b merging with the drain pas-
sage 14 and they are shut off, respectively. As a result,
the hydraulic cylinder 3 has supply and discharge of the
working oil shut off and is brought into a load holding
state.

[0030] When the cylinder control valve 25 is switched
to the extended position 25B, the first main passage 13
is shut off, and in the hydraulic cylinder 3, the working oil
is introduced to the bottom-side chamber 8 through the
branch passage 13b and the bottom-side passage 12b.
Moreover, the working oil in the rod-side chamber 7 is
discharged to the tank T through the rod-side passage
12a and the second drain merging passage 14b. As de-
scribed above, when the cylinder control valve 25 is
switched to the extended position 25B, the hydraulic cyl-
inder 3 is extended.

[0031] When the cylinder control valve 25 is switched
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to the contracted position 25C, the first main passage 13
is shut off, and in the hydraulic cylinder 3, the working oil
is introduced to the rod-side chamber 7 through the
branch passage 13b and the rod-side passage 12a.
Moreover, the working oil of the bottom-side chamber 8
is discharged to the tank T through the bottom-side pas-
sage 12b and the second drain merging passage 14b.
As described above, when the cylinder control valve 25
is switched to the contracted position 25C, the hydraulic
cylinder 3 is contracted.

[0032] Thesecond circuitsystem C2includesasecond
main passage 15 configured to introduce the working oil
discharged from the second driving pump P2, a second
traveling control valve 30 provided in the second main
passage 15 and configured to control a flow of the work-
ing oil supplied and discharged to and from the second
traveling motor 2, and a control valve 31 provided in the
second main passage 15 on the downstream of the sec-
ond traveling control valve 30 and configured to control
the flow of the working oil supplied and discharged to and
from the hydraulic cylinder driving a load different from
the boom. Since the second circuit system C2 has con-
stitution similar to that of the first circuit system C1, de-
tailed illustration and description will be omitted. The con-
trol valve 31 of the second circuit system C2 has consti-
tution similar to that of the cylinder control valve 25 and
controls the operation of the hydraulic cylinder similarly
to the cylinder control valve 25. Thus, detailed illustration
and description of the control valve 31 will be also omit-
ted. A plurality of the control valves 31 may be provided
in accordance with the number of hydraulic cylinders in
the second circuit system C2.

[0033] The third circuit system C3 includes a pump
passage 16 configured to introduce the working oil dis-
charged from the third driving pump P3, a communication
valve 40 provided in the pump passage 16, and a control
valve 44 provided in the pump passage 16 on the down-
stream of the communication valve 40 and configured to
control the flow of the working oil supplied and discharged
to and from the hydraulic cylinder driving the load different
from the boom.

[0034] The pump passage 16 communicates with the
tank T and introduces the working oil discharged from
the third driving pump P3 to the tank T. Moreover, a relief
passage 16e communicating with the tank T through the
drain passage 14 is connected to the pump passage 16
on the upstream of the communication valve 40. A relief
valve 43 is provided in the relief passage 16e. Since the
control valve 44 in the third circuit system C3 has con-
stitution similar to that of the cylinder control valve 25 in
the first circuit system C1, detailed illustration and de-
scription will be omitted.

[0035] Here, in a working machine, a complex opera-
tion in which the boom is driven, for example, during
traveling of a vehicle with the first and second traveling
motors 1 and 2 rotated is performed in some cases. How-
ever, since the first traveling control valve 20 is at the
forward rotation position 20B or the backward rotation
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position 20C during traveling of the vehicle, the main pas-
sage 13 is shut off by the first traveling control valve 20.
Thus, during traveling of the vehicle, supply of the work-
ing oil from the first driving pump P1 through the first main
passage 13 to the cylinder control valve 25 on the down-
stream of the first traveling control valve 20 is shut off.
As a result, the flow rate of the working oil for operating
the hydraulic cylinder 3 runs short.

[0036] Thus, in order to perform the aforementioned
complex operation, the working oil is supplied by the com-
munication valve 40 from the third driving pump P3 to
the cylinder control valve 25 in the fluid pressure control
device 100. Hereinafter, constitution and operations of
the communication valve 40 will be described. In the fol-
lowing, a case of the complex operation of the hydraulic
cylinder 3 for driving the boom in which the operation is
controlled by the first circuit system C1 will be described
as an example. Since the constitution similar to the case
of thefirst circuit system C1 can be applied to the complex
operation with the hydraulic cylinder in which the opera-
tion is controlled by the second circuit system C2, de-
scription will be omitted as appropriate. Moreover, in the
following, the first traveling control valve 20 is also called
simply as the "traveling control valve 20" and the first
traveling motor 1 simply as the "traveling motor 1".
[0037] First, constitution of the communication valve
40 will be described by referring to FIG. 1.

[0038] A first merging passage 17 configured to intro-
duce the working oil to the cylinder control valve 25 from
the third driving pump P3 is connected to the communi-
cation valve 40. The first merging passage 17 commu-
nicates with the branch passage 13b branching from the
first main passage 13 between the traveling control valve
20 and the cylinder control valve 25.

[0039] Moreover, abranch passage 19 branching from
the pump passage 16 and a second merging passage
18 configured to introduce the working oil to the control
valve 31 of the second circuit system C2 from the third
driving pump P3 are connected to the communication
valve 40.

[0040] The communication valve 40 has its position
switched by movement of a spool 46 (see FIG. 2) which
will be described later. The communication valve 40 has
a supply position 40A where the working oil is introduced
to the cylinder control valve 25 from the third driving pump
P3 and a shut-off position 40B where the supply of the
working oil to the cylinder control valve 25 from the third
driving pump P3 is shut off. The branch passage 19 is
not shut off even if the communication valve 40 is at either
one of the supply position 40A and the shut-off position
40B and introduces the working oil of the third driving
pump P3 to the control valve 44 of the third circuit system
Cs.

[0041] Moreover, the communication valve 40 has a
first pilot chamber 41a, a second pilot chamber 41b, and
a spring 42 as a biasing member. The communication
valve 40 is operated in accordance with a pressure dif-
ference between the first pilot chamber 41a and the sec-
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ond pilot chamber 41b.

[0042] A pilot passage 50 is connected to the first pilot
chamber 41a, and the pilot pressure is introduced thereto
through the pilot passage 50. The pilot pressure intro-
duced to the first pilot chamber 41a acts on the spool 46
so that the communication valve 40 is switched to the
supply position 40A.

[0043] Atank passage 51 communicating with the tank
T is connected to the second pilot chamber 41b. Thus,
the second pilot chamber 41b is filled with the working
oil with a pressure according to an internal pressure of
the tank T. The pressure of the second pilot chamber41b
acts on the spool 46 so as to resist the pressure of the
first pilot chamber 41a. Moreover, a throttle portion 60
as aresistance portion applying resistance to the passing
working oil is provided in the tank passage 51.

[0044] The spring 42 biases the spool 46 so that the
communication valve 40 is switched to the shut-off posi-
tion 40B. Thus, in a state where the pilot pressure is not
introduced to the first pilot chamber 41a, the communi-
cation valve 40 is at the shut-off position 40B.

[0045] Afirstcontrol passage 52aand a second control
passage 52b are connected to the pilot passage 50 com-
municating with the first pilot chamber 41a through a com-
mon passage 52. The first control passage 52a commu-
nicates with the tank T through the cylinder control valve
25. Moreover, the second control passage 52b commu-
nicates with the tank T through the first traveling control
valve 20 and the second traveling control valve 30. Since
the first control passage 52a connected to the pilot pas-
sage 50 is connected to the cylinder control valve 25,
and the second control passage 52b is connected to the
first traveling control valve 20, the communication valve
40 can be interlocked with the first traveling control valve
20 and the cylinder control valve 25. The operation of the
communication valve 40 will be described later in detail.
In addition to connection of the first control passage 52a
to the cylinder control valve 25 of the first circuit system
C1, it may be also configured to communicate with the
tank T through the control valve 31 of the second circuit
system C2.

[0046] Hereinafter, specific configuration of the com-
munication valve 40 will be described by referring to FIG.
2. In FIG. 2, the constitutions similar to those in FIG. 1
are given the similar reference numerals, and description
willbe omitted as appropriate. Moreover, for convenience
of description, as illustrated in FIG. 1, description will be
made with the pump passage 16 on the upstream of the
communication valve 40 as an "upstream pump passage
16a" and the pump passage 16 on the downstream as a
"downstream pump passage 16b".

[0047] The communication valve 40 includes a valve
housing 45 in which a first accommodating hole 45a is
formed, the spool 46 slidably inserted into the first ac-
commodating hole 45a and configured to switch a posi-
tion, and a first cap 49a and a second cap 49b mounted
on the valve housing 45 and accommodating both ends
of the spool 46 as illustrated in FIG. 2.
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[0048] A pair of upstream ports 16c communicating
with the upstream pump passage 16a, a downstream
port 16d communicating with the downstream pump pas-
sage 16b, a first merging port 17a communicating with
the first merging passage 17, a second merging port 18a
communicating with the second merging passage 18,
and a common port 52c communicating with the common
passage 52 are formed so as to open in the first accom-
modating hole 45a in the valve housing 45. Moreover, a
part of the branch passage 19 communicating with the
upstream pump passage 16a and a part of the drain pas-
sage 14 communicating with the first accommodating
hole 45a are formed in the valve housing 45.

[0049] A bulkhead portion 45b in which a part of the
first accommodating hole 45a into which the spool 46 is
inserted is formed is provided in the drain passage 14.
The drain passage 14 is made to partially branch to two
parts by the bulkhead portion 45b.

[0050] A first annular groove 46a, a second annular
groove 46b, a third annular groove 46¢, and a fourth an-
nular groove 46d are arranged side by side from one end
side (left side in FIG. 2) to the other end side (right side
in FIG. 2) in the axial direction in an outer peripheral sur-
face of the spool 46.

[0051] The first pilot chamber 41a is defined between
the first cap 49a and the one end portion of the spool 46.
A pilot port 49¢c communicating with the pilot passage 50
is formed in the first cap 49a. The first pilot chamber 41a
communicates with the pilot port 49c of the first cap 49a
through an orifice 50a. Moreover, a first internal passage
47 allowing the first pilot chamber 41a and the second
annular groove 46b to communicate with each other is
formed in the spool 46. The first pilot chamber 41a com-
municates with the common port 52c at all times through
the first internal passage 47 and the second annular
groove 46b.

[0052] The second pilot chamber 41b is defined be-
tween the second cap 49b and the other end portion of
the spool 46. The spring 42 is provided in a compressed
state between the second cap 49 and the other end of
the spool 46 and biases the spool 46 in a direction in
which the second pilot chamber 41b is extended.
[0053] The second pilot chamber 41b communicates
with the drain passage 14 at all times through a second
internal passage 48 formed on the other end of the spool
46. The second internal passage 48 has an axial passage
48a opened in the second pilot chamber 41b and extend-
ing in the axial direction of the spool 46 and a radial pas-
sage 48b opened in the fourth annular groove 46d of the
spool 46 and communicating with the axial passage 48a.
The second internal passage 48 corresponds to the tank
passage 51 illustrated in FIG. 1.

[0054] A part of the radial passage 48b is formed as
an orifice and constitutes the throttle portion 60 (see FIG.
1). The radial passage 48b communicates with the drain
passage 14 through the fourth annular groove 46d and
the first accommodating hole 45a of the bulkhead portion
45b regardless of a position of the spool 46. Thus, the
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throttle portion 60 provided in the radial passage 48b
functions as a fixed throttle configured to give resistance
according to its flow passage area to the flow of the work-
ing oil regardless of the position of the spool 46.

[0055] Subsequently, the operation of the communica-
tion valve 40 will be specifically described by referring to
FIGs. 1 and 2.

[0056] When the traveling control valve 20 (and the
second traveling control valve 30) is at the neutral posi-
tion 20A, as illustrated in FIG. 1, the second control pas-
sage 52b communicates with the tank T. When the
traveling control valve 20 is switched to the forward ro-
tation position 20B or the backward rotation position 20C,
the communication between the second control passage
52b and the tank T is shut off by the traveling control
valve 20 and is closed without communicating with an-
other passage or the like. Thoughiillustration and detailed
description are omitted, when the second traveling con-
trol valve 30 of the second circuit system C2 is switched
to the operation position, the second control passage 52b
is also shut off.

[0057] Similarly, the first control passage 52a commu-
nicates with the tank T when the cylinder control valve
25 is at the neutral position 25A. When the cylinder con-
trol valve 25 is switched to the operation position (either
one of the extended position 25B and the contracted po-
sition 25C), the communication between the first control
passage 52a and the tank T is shut off by the cylinder
control valve 25 and is closed without communicating
with another passage or the like.

[0058] Thus, in a state where at least either one of the
traveling control valve 20 and the cylinder control valve
25 is at the neutral position 20A and 25A (in other words,
a state where at least either one of the traveling motor 1
and the hydraulic cylinder 3 is not operated), the pilot
pressure of the pilot passage 50 is introduced to the tank
T through the second control passage 52b and/or the
first control passage 52a. Thus, the communication valve
40 is at the shut-off position 40B by a biasing force of the
spring 42.

[0059] When the communication valve 40 is at the
shut-off position 40B, as illustrated in FIG. 2, one of the
upstream ports 16¢ and the downstream port 16d com-
municate with each other through the third annular
groove 46c¢. As a result, the upstream pump passage 16a
and the downstream pump passage 16b communicate
with each other, and the pump passage 16 is opened.
Moreover, the communication between the pair of up-
stream ports 16¢ and the first and second merging ports
17a and 18a is shut off by the spool 46.

[0060] During the complex operation in which the
traveling control valve 20 is switched to the forward ro-
tation position 20B or the backward rotation position 20C,
and the cylinder control valve 25 is switched to the ex-
tended position 25B or the contracted position 25C, the
communication between the first control passage 52a
and the tank T and the communication between the sec-
ond control passage 52b and the tank T are shut-off,
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respectively. Thus, the pilot pressure of the pilot passage
50 is introduced to the first pilot chamber 41a of the com-
munication valve 40.

[0061] When the pilot pressure is introduced to the first
pilot chamber 41a, the spool 46 is moved to the right
directionin FIG. 2 so that a capacity of the first pilot cham-
ber 41a is enlarged, and the working oil of the second
pilot chamber 41b is discharged to the tank T through
the throttle portion 60 of the radial passage 48b (tank
passage 51) and the drain passage 14. As a result, the
communication valve 40 is switched to the supply posi-
tion 40A.

[0062] At the supply position 40A, the one upstream
port 16¢ and the first merging port 17a communicate with
each other through the third annular groove 46¢, and the
other upstream port 16¢ and the second merging port
18a communicate with each other through the first an-
nular groove 46a. Thus, the upstream pump passage
16a and the first merging passage 17 communicate with
each other, and the upstream pump passage 16a and
the second merging passage 18 communicate with each
other. Moreover, at the supply position 40A, the commu-
nication between the upstream pump passage 16a and
the downstream pump passage 16b is shut off by the
spool 46.

[0063] As a result, since the working oil in the third
driving pump P3 is introduced to the cylinder control valve
25 through the first merging passage 17, the complex
operation in which the traveling motor 1 and the hydraulic
cylinder 3 driving the boom are driven at the same time
is made possible.

[0064] As described above, the communication valve
40 is switched in accordance with the switching of the
traveling control valve 20 and the cylinder control valve
25. However, in the fluid pressure control device in gen-
eral, spaces for forming each passage and ports in the
valve housing are limited, and the shape and layout of
the passages are also limited in accordance with that.
Thus, it is difficult to match the timing when the traveling
control valve and the cylinder control valve are switched
with the timing when the communication valve is switched
with accuracy by the change in the shape or the layout
of the passages and the like.

[0065] When the boom is to be operated during
traveling of the vehicle, forexample, if the communication
valve is switched to the supply position A before the cyl-
inder control valve is switched to the operation position,
and the supply of the working oil to the hydraulic cylinder
is allowed, the working oil is introduced to the first merg-
ing passage from the third driving pump. However, since
the working oil cannot be supplied to the hydraulic cylin-
der, a load of the third driving pump rises. As a result,
horse power control of the first and second driving pumps
are performed together with the third driving pump, and
discharge capacities are decreased, and there is a con-
cern that a traveling speed of the vehicle is lowered.
[0066] On the other hand, in the fluid pressure control
device 100, the throttle portion 60 is provided in the radial
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passage 48b (tank passage 51) communicating with the
second pilot chamber 41b. The position of the commu-
nication valve 40 is switched in accordance with resist-
ance of the working oil applied by the throttle portion 60.
Thus, by adjusting the resistance applied by the throttle
portion 60 or more specifically, an orifice diameter, the
timing when the communication valve 40 is switched can
be adjusted. That is, as compared with a case where the
throttle portion 60 is not provided, the timing of switching
to the supply position 40A can be delayed in accordance
with resistance applied by the throttle portion 60. As a
result, the timing can be substantially matched with the
timing when the cylinder control valve 25 is switched.
Therefore, switching of the communication valve 40 to
the supply position 40A before the switching of the cyl-
inder control valve 25 can be prevented, and rise of the
load of the third driving pump P3 and lowering of the
traveling speed during the complex operation can be pre-
vented. In order to prevent the rise of the load of the third
driving pump P3 and the lowering of the traveling speed
during the complex operation, it only needs to be config-
ured such that the communication valve 40 is switched
to the supply position 40A at least after the cylinder con-
trol valve 25 is switched to the operation position, and it
is not limited to complete matching of the switching timing
of the both.

[0067] Subsequently, a variation of this embodiment
will be described. The variation as follows is also within
the range of the present invention, and it is possible to
combine the following variations with each constitution
of the aforementioned embodiment or to combine the
following variation with another embodiment and its var-
iation which will be described later and to combine the
following variations with each other. Moreover, the vari-
ation described in the description of the aforementioned
embodiment can be also similarly combined with other
variations and other embodiments.

[0068] In the aforementioned embodiment, the case
where the working oil is introduced to the cylinder control
valve 25 from the third driving pump P3 during the com-
plex operation in which the boom is operated during
traveling of the vehicle is described. Not limited to that,
in cases other than the case during the complex opera-
tion, it may be so configured that the working oil is intro-
duced to the cylinder control valve 25 from the third driv-
ing pump P3 in order to compensate for shortage in the
flow rate of the working oil supplied to the hydraulic cyl-
inder 3. For example, the second control passage 52b in
the aforementioned embodiment may be connected to a
cylinder control valve (not shown) configured to control
the hydraulic cylinder configured to operate those other
than the boom (an arm, for example). In this case, when
the boom and the arm are operated at the same time,
the working oil is introduced to the cylinder control valve
25 from the third driving pump P3, and the shortage in
the flow rate of the working oil is prevented. Moreover, it
may be so configured that the second control passage
52b is eliminated, the communication valve 40 is made
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to be interlocked with the single cylinder control valve 25,
and the working oil is introduced to the cylinder control
valve 25 from the third driving pump P3. As described
above, it only needs to be configured such that the com-
munication valve 40 introduces the working oil of the third
driving pump P3 to the cylinder control valve 25 in con-
junction with at least one cylinder control valve 25.
[0069] According to the aforementioned embodiment,
the following effects are exerted.

[0070] In the fluid pressure control device 100, the
throttle portion 60 is provided in the tank passage 51
which allows the second pilot chamber 41b of the com-
munication valve 40 to communicate with the tank T.
Thus, the timing when the position of the communication
valve 40 is switched can be adjusted by adjusting resist-
ance that the throttle portion 60 gives to the flow of the
working fluid. Thus, since the timing of switching of the
cylinder control valve 25 and the communication valve
40 can be matched with each other with accuracy, low-
ering of the traveling speed of the vehicle can be pre-
vented by suppressing the rise of the load of each pump.
Therefore, the operation of the fluid pressure control de-
vice 100 is made stable.

(Second embodiment)

[0071] Subsequently, a second embodiment of the
present invention will be described by referring to FIGs.
3 to 5. In the following, points different from the first em-
bodiment will be mainly described, and the same refer-
ence numerals are given to the same constitutions as
those in the aforementioned first embodiment, and de-
scription will be omitted.

[0072] In the aforementioned first embodiment, the
throttle portion 60 provided in the tank passage 51 is a
fixed throttle. On the other hand, in the second embodi-
ment, a throttle portion 160 is different from the afore-
mentioned first embodiment in a point that the throttle
portion 160 is a variable throttle by which a flow passage
area is changed in accordance with the position of the
spool 46 of the communication valve 40. Hereinafter, the
second embodiment will be described.

[0073] As illustrated in FIG. 3, in the second embodi-
ment, the second internal passage 48 of the spool 46
has the axial passage 48a communicating with the sec-
ond pilot chamber 41b and two radial passages (herein-
after, called a "first passage 148a" and a "second pas-
sage 148b", respectively.) communicating with the axial
passage 48a. The first passage 148a and the second
passage 148b are formed so as to be separated from
each other in the axial direction of the spool 46. Parts of
the first passage 148a and the second passage 148b are
formed as orifices 160a and 160b, respectively, similarly
to aforementioned first embodiment. The orifices 160a
and 160b formed in the first passage 148a and the sec-
ond passage 148b constitute the throttle portion 160 as
a variable throttle.

[0074] In the second embodiment, the spool 46 is sli-
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dably inserted into the first accommodating hole 45a pro-
vided in the bulkhead portion 45b.

[0075] In a state where the pilot pressure is not intro-
duced to the first pilot chamber 41a, and the communi-
cation valve 40 is at the shut-off position 40B, as illus-
trated in FIG. 3, an opening portion of the first passage
148ais closed by an inner peripheral surface of the bulk-
head portion 45b, and an opening portion of the second
passage 148b is closed by the inner peripheral surface
of the bulkhead portion 45b only partially. Thus, in this
state, the second pilot chamber 41b communicates with
the drain passage 14 through the second passage 148b,
and resistance according to the flow passage area of the
orifice 160b of the second passage 148b is applied to
the flow of the working oil discharged to the drain passage
14 from the second pilot chamber 41b.

[0076] Whenthespool46is moved tothe rightdirection
in the figure by the pilot pressure of the first pilot chamber
41a, in addition to the second passage 148b, the first
passage 148a also communicates with the drain passage
14. Thus, inthis state, the second pilot chamber41b com-
municates with the drain passage 14 through the first
passage 148aand the second passage 148b. As aresult,
the resistance according to the sum of the flow passage
areas of the orifice 160a of the first passage 148a and
the orifice 160b of the second passage 148b is applied
to the flow of the working oil discharged to the drain pas-
sage 14 from the second pilot chamber 41b. That is, in
this state, since the flow passage resistance for two ori-
fices is obtained, the resistance applied to the flow of the
working oil is smaller than the case of the communication
with the drain passage 14 only through the second pas-
sage 148b.

[0077] Asdescribedabove, in thisembodiment, imme-
diately after the switching from the shut-off position 40B
to the supply position 40A, only the second passage 148b
communicates with the drain passage 14, and relatively
large resistance is applied to the working oil flowing
through the second internal passage 48 (tank passage
51). When the spool 46 is moved only for a predetermined
amount after that, both the first passage 148a and the
second passage 148b communicate with the drain pas-
sage 14, and relatively small resistance is applied to the
working oil flowing through the tank passage 51. As de-
scribed above, the variable throttle in which the resist-
ance applied to the flow of the working oil is changed in
accordance with a stroke of the spool 46 is constituted
by the two orifices 160a and 160b of the first passage
148a and the second passage 148b.

[0078] According to this embodiment, similarly to the
aforementioned first embodiment, the timing when the
communication valve 40 is switched to the supply posi-
tion 40A can be delayed in accordance with the resist-
ance applied by the throttle portion 160, and switching
of the communication valve 40 to the supply position 40A
before the switching of the cylinder control valve 25 can
be prevented.

[0079] Moreover, in the fluid pressure control device
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100, when the cylinder control valve 25 is switched to the
operation position, and the branch passage 13b commu-
nicates with either one of the bottom-side passage 12b
and the rod-side passage 12a during the complex oper-
ation, the communication valve 40 is preferably switched
to the supply position 40A quickly. However, since the
throttle portion 60 is a fixed throttle in the aforementioned
first embodiment, relatively large resistance is applied to
the working oil flowing through the tank passage 51 even
after the cylinder control valve 25 is switched to the op-
eration position. That is, even after the cylinder control
valve 25 is switched to the operation position, the state
where the communication valve 40 is not switched to the
supply position 40A easily is maintained.

[0080] On the other hand, the communication valve 40
according to the second embodiment is constituted such
that the throttle portion 60 is a variable throttle, and the
resistance applied by the throttle portion 160 becomes
smaller with movement of the spool 46 upon receipt of
the pilot pressure of the first pilot chamber 41a. Thus,
the communication valve 40 can be switched to the sup-
ply position 40A quickly by forming the throttle portion
160 so that the resistance applied to the flow of the work-
ing oil becomes smaller in accordance with the timing
when the cylinder control valve 25 is switched to the op-
eration position.

[0081] As described above, in the second embodi-
ment, by making the throttle portion 160 the variable throt-
tle, the communication valve 40 is not switched to the
supply position 40A easily until the cylinder control valve
25 is switched to the operation position. On the other
hand, when the cylinder control valve 25 is switched to
the operation position, the communication valve 40 is
switched to the supply position 40A quickly. Thus, ac-
cording to the second embodiment, the rise of the load
of the third driving pump P3 and the lowering of the
traveling speed during the complex operation can be pre-
vented and the hydraulic cylinder 3 can be driven quickly
during the complex operation.

[0082] Subsequently, avariation of the second embod-
iment will be described.

[0083] Inthe aforementioned embodiment, the throttle
portion 160 is constituted as a variable throttle by the two
orifices 160a and 160b provided on the first passage
148a and the second passage 148b. On the other hand,
when the throttle portion 160 is constituted as a variable
throttle, not limited to the aforementioned constitution,
other constitution may be employed.

[0084] For example, as in the first variation illustrated
in FIG. 4, the throttle portion 160 may be aradial passage
161 communicating with the axial passage 48a, extend-
ing in the radial direction of the spool 46, and opened in
the outer peripheral surface and may have a uniform flow
passage sectional area. In this case, in a state where the
communication valve 40 is at the shut-off position 40B,
the opening portion of the radial passage 161 is partially
closed by the bulkhead portion 45b. With the movement
of the spool 46 to the right direction in the figure upon
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receipt of the pilot pressure of the first pilot chamber 41a,
the opening area of the opening portion of the radial pas-
sage 161 gradually increases, and the resistance applied
to the flow of the working oil is gradually made smaller.
[0085] Moreover, as in a second variation illustrated in
FIG. 5, the throttle portion 160 may be a notch 162 formed
in the outer peripheral surface along the axial direction
of the spool 46. The notch 162 has a section perpendic-
ular to the axial direction formed having a V-shape, for
example. The notch 162 communicates with the fourth
annular groove 46d and communicates with the second
pilot chamber 41b through a recess portion 165 formed
on an end surface of the valve housing 45. Moreover,
the notch 162 is formed as a taper surface 162a in which
a depth of a side surface on the second pilot chamber
41b side becomes smaller as it gets closer to the second
pilot chamber 41b. In the state where the communication
valve 40 is at the shut-off position 40B, a flow passage
area between the taper surface 162a of the notch 162
and the recess portion 165 is relatively small, and rela-
tively large resistance is applied to the flow of the working
oil. With the movement of the spool 46 to the right direc-
tion in the figure upon receipt of the pilot pressure of the
first pilot chamber 41a, the flow passage area between
the taper surface 162a of the notch 162 and the recess
portion 165 of the valve housing 45 gradually increases,
and the resistance applied to the flow of the working oil
is gradually made smaller.

[0086] In the first variation and the second variation as
above, too, immediately after the communication valve
40 is switched from the shut-off position 40B, the resist-
ance applied to the working oil flowing through the tank
passage 51 is large, and the resistance becomes smaller
as the spool 46 is moved. Thus, as compared with the
first embodiment, the hydraulic cylinder 3 can be driven
quickly during the complex operation.

[0087] Moreover, in the first variation and the second
variation, the radial passage 161 and the notch 162 can
be formed by one work, and since the diameter is not
small as that of the orifice, they can be worked easily.
Not limited to the first variation or the second variation,
the variable throttle can have arbitrary constitution as
long as the resistance applied to the flow of the working
oil is configured to be made smaller continuously or step-
wisely as the spool 46 is moved upon receipt of the pilot
pressure of the first pilot chamber 41a.

[0088] According to the aforementioned embodiment,
the following effects are exerted in addition to the effects
exerted by the aforementioned first embodiment.
[0089] Inthe communication valve 40 according to the
second embodiment, since the throttle portion 160 is
formed as a variable throttle, the resistance applied by
the throttle portion 160 becomes smaller as the spool 46
is moved upon receipt of the pilot pressure of the first
pilot chamber 41a. Thus, the communication valve 40 is
not switched to the supply position 40A easily until the
cylinder control valve 25 is switched to the extended po-
sition 25B or the contracted position 25C. Moreover, it
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can be so constituted that the communication valve 40
is switched to the supply position 40A quickly when the
cylinder control valve 25 is switched to the extended po-
sition 25B or to the contracted position 25C. Thus, the
rise of the load of the third driving pump P3 and the low-
ering of the traveling speed during the complex operation
can be prevented, and the hydraulic cylinder 3 can be
driven quickly during the complex operation.

(Third embodiment)

[0090] Subsequently, the third embodiment of the
present invention will be described by referring to FIGs.
6 and 7. In the following, points different from the first
embodiment will be mainly described, and the same ref-
erence numerals are given to the same constitutions as
those in the aforementioned first embodiment, and de-
scription will be omitted.

[0091] In the aforementioned first embodiment, a re-
sistance portion is the throttle portion 60 for throttling the
flow passage of the tank passage 51. On the other hand,
the resistance portion is a switching valve 260 provided
in the tank passage 51 in the third embodiment, which is
different from the first embodiment.

[0092] First, configuration of the switching valve 260
will be described by referring to a hydraulic circuit dia-
gram in FIG. 6.

[0093] The switching valve 260 has a switching pilot
chamber 261 to which a pilot pressure introduced to the
pilot chambers 26a and 26b of the cylinder control valve
25 from the pilot valve 27 (hereinafter referred to as a
"control pilot pressure") is introduced through a high-
pressure selection valve 210 and a switching spring 262
configured to bias a switching spool 265 (see FIG. 7) so
as to resist a thrust by the pilot pressure of the switching
pilot chamber 261. A position of the switching valve 260
is switched with movement of the switching spool 265 in
accordance with the thrust by the control pilot pressure
of the switching pilot chamber 261 and the biasing force
by the switching spring 262. Moreover, since the control
pilot pressure operating the cylinder control valve 25 is
introduced to the switching pilot chamber 261, the switch-
ing valve 260 is interlocked with the cylinder control valve
25.

[0094] The switching valve 260 has a first communi-
cation position 260A where the second pilot chamber41b
of the communication valve 40 communicates with the
tank T, a holding position 260B as a throttle position
where the switching valve 260 is switched from a state
at the first communication position 260A by an increase
of the control pilot pressure, and the resistance is applied
to the working oil flowing through the tank passage 51,
and a second communication position 260C where the
switching valve 260 is switched by the increase in the
control pilot pressure fromthe state at the holding position
260B, and the second pilot chamber 41b of the commu-
nication valve 40 communicates with the tank T. That is,
the switching valve 260 is switched to the first commu-
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nication position 260A, the holding position 260B, and
the second communication portion 260C in this order as
the control pilot pressure becomes larger.

[0095] When the supply of the control pilot pressure to
the switching pilot chamber 261 is shut off, the switching
valve 260 is maintained at the first communication posi-
tion 260A by the switching spring 262.

[0096] At the holding position 260B, the tank passage
51 is shut off by the switching valve 260. As a result,
since the working oil is not discharged from the second
pilot chamber 41b, the communication valve 40 is not
switched to the supply position 40A in a state where the
switching valve 260 is at the holding position 260B. In
this Description, the phrase "to give resistance to the
working oil flowing through the tank passage 51" includes
meaning that the communication between the second
pilot chamber 41b and the tank T is completely shut off
by closing the tank passage 51 as in the state where the
switching valve 260 is at the holding position 260B. In-
stead of the holding position 260B, such a throttle position
may be employed that the communication between the
second pilot chamber 41b and the tank T is not complete-
ly shut off, and large resistance is applied to the flow of
the working oil by making the flow passage area of the
tank passage 51 smaller than those the first and second
communication positions 260A and 260C. As described
above, the control position includes both the holding po-
sition 260B and the throttle position.

[0097] Subsequently, specific configuration of the
switching valve 260 will be described.

[0098] As illustrated in FIG. 7, the switching valve 260
has the switching spool 265 slidably inserted into a sec-
ond accommodating hole 270 formed in the second cap
49b ofthe communication valve 40 and a plug 280 sealing
the second accommaodating hole 270. The switching pilot
chamber 261 is defined between one end portion of the
switching spool 265 and the plug 280. The switching
spring 262 is provided in a compressed state in a spring
accommodating chamber 270a defined between the oth-
er end portion of the switching spool 265 and a bottom
part of the second accommodating hole 270.

[0099] Afirstconnection passage 271 allowingthe sec-
ond pilot chamber 41b and the second accommodating
hole 270 to communicate and a second connection pas-
sage 272 allowing the spring accommodating chamber
270a and the tank T to communicate are formed in the
second cap 49b. The second connection passage 272
communicates with the drain passage 14 through a third
connection passage 273 formed in the valve housing 45
of the communication valve 40. The first connection pas-
sage 271, the second connection passage 272, and the
third connection passage 273 constitute the tank pas-
sage 51 (see FIG. 6). Moreover, afourth connection pas-
sage 274 provided closer to the plug 280 side than the
first connection passage 271 and allowing the second
pilot chamber 41b and the second accommodating hole
270 to communicate is further formed in the second cap
49b.
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[0100] A pilot port 280a configured to introduce the
control pilot pressure to the switching pilot chamber 261
of the switching valve 260 is formed in the plug 280.
[0101] An annular first communication passage 265a,
a second communication passage 265b as an internal
passage allowing the first communication passage 265a
and the spring accommodating chamber 270a to com-
municate, and an annular third communication passage
265c are formed in the switching spool 265. A shaft por-
tion 267 supporting the switching spring 262 is provided
on the end portion of the switching spool 265 faced with
the spring accommodating chamber 270a. A slit 268 ex-
tending in the radial direction is formed on an end surface
of the switching spool 265 faced with the plug 280.
[0102] In a state where the control pilot pressure is not
introduced to the switching pilot chamber 261 of the
switching valve 260, the switching valve 260 is at the first
communication position 260A. At the first communication
position 260A, as illustrated in FIG. 7, the second pilot
chamber 41b communicates with the pilot port 280a
through the fourth connection passage 274, the third
communication passage 265c, the switching pilot cham-
ber 261, and the slit 268. Thus, the second pilot chamber
41b communicates with the tank T through the pilot valve
27. At the first communication position 260A, the com-
munication between the first connection passage 271
and the spring accommodating chamber 270a is shut off
by the switching spool 265.

[0103] When the control pilot pressure is introduced to
the switching pilot chamber 261 of the switching valve
260, the switching valve 260 is switched to the holding
position 260B. At the holding position 260B, the commu-
nication between the fourth connection passage 274 and
the switching pilot chamber 261 is shut off by the switch-
ing spool 265, and the communication between the sec-
ond pilot chamber 41b and the pilot port 280a is shut off.
Moreover, at the holding position 260B, too, the commu-
nication between the first connection passage 271 and
the spring accommodating chamber 270a is shut off by
the switching spool 265. Thus, the communication be-
tween the second pilot chamber 41b of the communica-
tion valve 40 and the tank T is shut off by the switching
valve 260.

[0104] When the control pilot pressure introduced to
the switching pilot chamber 261 becomes larger from the
state at the holding position 260B, the switching spool
265 is moved to the left direction in the figure, and the
switching valve 260 is switched to the second communi-
cation position 260C. At the second communication po-
sition 260C, the first connection passage 271 and the
first communication passage 265a communicate, and
the second pilot chamber 41b communicates with the
drain passage 14 through the first connection passage
271, the first communication passage 265a, the second
communication passage 265b, the spring accommodat-
ing chamber 270a, the second connection passage 272,
and the third connection passage 273. As a result, the
tank passage 51 is opened, and the working oil in the
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second pilot chamber 41b is discharged to the tank T.
[0105] As described above, the switching valve 260 is
operated in conjunction with the cylinder control valve 25
by the control pilot pressure operating the cylinder control
valve 25 and is switched to the holding position 260B in
an initial stage of switching of the cylinder control valve
25 to the operation position. Thus, in the initial stage of
switching of the cylinder control valve 25 to the operation
position, switching of the communication valve 40 to the
supply position 40A before switching of the cylinder con-
trol valve 25 can be prevented.

[0106] Moreover, the switching valve 260 is switched
from the holding position 260B to the second communi-
cation position 260C with the rise of the control pilot pres-
sure. Thus, the communication valve 40 can be switched
to the supply position 40A quickly by configuring such
that the switching valve 260 is switched to the second
communication position 260C immediately after the cyl-
inder control valve 25 is switched to the operation posi-
tion. Specifically, it is only necessary to configure the
biasing force of the switching spring 262 and relative po-
sitions of the first communication passage 265a and the
first connection passage 271 (in other words, a stroke
amount of the switching spool 265 until the both commu-
nicate with each other) so that the switching valve 260
is at the second communication position 260C immedi-
ately after the cylinder control valve 25 is switched to the
operation position. As a result, the hydraulic cylinder 3
can be driven quickly during the complex operation.
[0107] Moreover, since the switching valve 260 com-
pletely shuts off the tank passage 51 by the holding po-
sition 260B, switching of the communication valve 40 can
be reliably prevented.

[0108] Subsequently, a variation of this embodiment
will be described.

[0109] In the aforementioned embodiment, the switch-
ing valve 260 allows the second pilot chamber 41b of the
communication valve 40 and the tank T to communicate
through the pilot port 280a formed in the plug 280 at the
first communication position 260A. That is, when the
switching valve 260 is at the first communication position
260A, the second pilot chamber 41b of the communica-
tion valve 40 does not communicate with the tank T
through the tank passage 51 and the drain passage 14.
On the other hand, the switching valve 260 may allow
the second pilot chamber 41b ofthe communication valve
40 and the tank T to communicate through the tank pas-
sage 51 at either of the first communication position 260A
and the second communication position 260C as illus-
trated in FIG. 8. Hereinafter, specific description will be
made by referring to FIGs. 8 and 9.

[0110] As illustrated in FIG. 9, the switching spool 265
according to the variation is configured so that the first
connection passage 271 and the spring accommodating
chamber 270a directly communicate with each other at
the first communication position 260A. Moreover, in the
switching spool 265 according to the variation, the third
communication passage 265c and the fourth connection
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passage 274 are not formed. In such variation, the first
connection passage 271 and the spring accommodating
chamber 270a directly communicate with each other at
the first communication position 260A, and the tank pas-
sage 51is opened similarly at the second communication
position 260C. When the switching valve 260 is switched
to the holding position 260B, the direct communication
between the first connection passage 271 and the spring
accommodating chamber 270a is shut off by the switch-
ing spool 265. Moreover, in this state, the communication
between the first connection passage 271 and the first
communication passage 265a is also shut off. When the
switching valve 260 is switched to the second communi-
cation position 260C, the first connection passage 271
and the first communication passage 265a communicate
with each other similarly to the aforementioned third em-
bodiment, and the second pilot chamber 41b communi-
cates with the tank T. Even in such variation, the effects
similar to those in the aforementioned third embodiment
are exerted. Moreover, in the aforementioned embodi-
ment, the third communication passage 265c is formed
in the switching spool 265 closer to the plug 280 side
than the first communication passage 265a, and the
fourth connection passage 274 is formed in the second
cap 49b so as to communicate with the third communi-
cation passage 265c. Thus, in the aforementioned em-
bodiment, an increase in a working cost and a size in-
crease of the switching spool 265 and the second cap
49b are incurred. On the other hand, in the variation il-
lustrated in FIGs. 8 and 9, since the third communication
passage 265c and the fourth connection passage 274
are not formed, reduction of the working cost and size
reduction of the switching valve can be made possible.
As described above, from a viewpoint of the cost reduc-
tion and size reduction, the tank passage 51 is preferably
configured to be opened in either one of the first commu-
nication position 260a and the second communication
position 260c as in this variation.

[0111] According to the aforementioned embodiment,
the following effects are exerted in addition to the effects
exerted by the first embodiment.

[0112] According to the third embodiment, the switch-
ing valve 260 is operated in conjunction with the cylinder
control valve 25 by the control pilot pressure operating
the cylinder control valve 25 and is at the holding position
260B in the initial stage of switching of the cylinder control
valve 25 to the extended position 25B or the contracted
position 25C. Thus, in the initial stage of switching of the
cylinder control valve 25 to the extended position 25B or
the contracted position 25C, switching of the communi-
cation valve 40 to the supply position 40A before switch-
ing of the cylinder control valve 25 can be prevented.
[0113] Moreover, the communication valve 40 can be
switched to the supply position 40A quickly by configuring
the switching valve 260 such that the switching valve 260
is at the second communication position 260C immedi-
ately after the cylinder control valve 25 is switched to the
extended position 25B or the contracted position 25C.
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As aresult, the hydraulic cylinder 3 can be driven quickly
during the complex operation.

[0114] Moreover, since the switching valve 260 com-
pletely shuts off the tank passage 51 by the holding po-
sition 260B, switching of the communication valve 40 can
be reliably prevented.

[0115] Hereinafter, the constitution, action, and effects
of the embodiments of the present invention will be de-
scribed in summary.

[0116] The fluid pressure control device 100 has the
first main passage 13 configured to introduce the working
oil discharged from the first driving pump P1, the cylinder
control valve 25 provided in the first main passage 13
and configured to control the flow of the working oil sup-
plied and discharged to and from the hydraulic cylinder
3 configured to drive the load, the first merging passages
17 configured to introduce the working oil to the cylinder
control valve 25 from the third driving pump P3, the com-
munication valve 40 to which the first merging passage
17 is connected and having the first pilot chamber 41a
to which the pilot passage 50 to which the pilot pressure
is introduced is connected and the second pilot chamber
41b to which the tank passage 51 communicating with
the tank T is connected. The first control passage 52a
communicating with the tank T through the cylinder con-
trol valve 25 is connected to the pilot passage 50, the
communication valve 40 has the supply position 40A
where the working oil is introduced to the cylinder control
valve 25 from the third driving pump P3 and the shut-off
position 40B where the supply of the working oil to the
cylinder control valve 25 from the third driving pump P3
is shut off in accordance with the pressure difference
between the first pilot chamber 41a and the second pilot
chamber 41b, the communication valve 40 is switched
to the supply position 40A when the first control passage
52ais shut off by the cylinder control valve 25 so that the
pilot pressure is introduced to the first pilot chamber 41a,
and the resistance portion (the throttle portion 60, 160,
the switching valve 260) configured to give the resistance
to the passing working oil is provided in the tank passage
51.

[0117] In this constitution, since the resistance portion
(the throttle portion 60, 160, the switching valve 260) is
provided in the tank passage 51 allowing the second pilot
chamber 41b of the communication valve 40 and the tank
T to communicate, the timing when the position of the
communication valve 40 is switched can be adjusted by
adjusting the resistance applied by the resistance portion
(the throttle portion 60, 160, the switching valve 260) to
the flow of the working oil. Thus, since the timing of
switching of the cylinder control valve 25 and the com-
munication valve 40 can be matched with accuracy, the
rise of the load of each pump can be suppressed. There-
fore, stability of the operation of the fluid pressure control
device 100 is improved.

[0118] Moreover, the fluid pressure control device 100
further includes the first traveling control valve 20 provid-
ed in the first main passage 13 on the upstream of the
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cylinder control valve 25 and configured to control the
flow of the working oil supplied and discharged to and
from the first traveling motor 1, the second control pas-
sage 52b communicating with the tank T through the
traveling control valve 20 is connected to the pilot pas-
sage 50, and when the first control passage 52a is shut
off by the cylinder control valve 25 and the second control
passage 52b is shut off by the traveling control valve 20,
the pilot pressure is introduced to the first pilot chamber
42a, and the communication valve 40 is switched to the
supply position 40A.

[0119] In this constitution, shortage of the working oil
in the complex operation in which the hydraulic cylinder
3 is operated during traveling of the vehicle in which the
first traveling motor 1 is driven can be prevented. There-
fore, the complex operation can be performed without
incurring lowering of the traveling speed.

[0120] Moreover,inthe firstand second embodiments,
the resistance portion is the throttle portions 60 and 160
throttling the flow passage of the tank passage 51.
[0121] Moreover,inthe second embodiment, the throt-
tle portion 160 is a variable throttle configured such that
the resistance applied to the flow of the working oil is
made smaller when the communication valve 40 is
switched from the shut-off position 40B to the supply po-
sition 40A.

[0122] Inthis constitution, the communication valve 40
can be switched to the supply position 40A quickly after
the cylinder control valve 25 is switched so as to supply
and discharge the working oil to and from the hydraulic
cylinder 3, and the complex operation can be performed
quickly.

[0123] Moreover, in the third embodiment, the resist-
ance portion is the switching valve 260 to which the con-
trol pilot pressure operating the cylinder control valve 25
is introduced and operated by the control pilot pressure.
[0124] Moreover, in the third embodiment, the switch-
ing valve 260 has the first communication position 260A
where the second pilot chamber 41a of the communica-
tion valve 40 communicates with the tank T, the control
position (holding position 260B) switched by the increase
in the control pilot pressure from the state at the first
communication position 260A and applying the resist-
ance to the working fluid flowing through the tank pas-
sage 51, and the second communication position 260C
switched by the increase in the control pilot pressure from
the state at the control position (holding position 260B)
and allowing the second pilot chamber 41b and the tank
T to communicate with each other.

[0125] Inthis constitution, the communication valve 40
can be switched to the supply position 40A quickly after
the cylinder control valve 25 is switched so as to supply
and discharge the working oil to and from the hydraulic
cylinder 3, and the complex operation can be performed
quickly.

[0126] Moreover, in the third embodiment, the switch-
ing valve 260 opens the tank passage 51 and allows the
second pilotchamber41b and the tank T to communicate
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with each other at the first communication position 260A
and opens the tank passage 51 and allows the second
pilot chamber 41b and the tank T to communicate with
each other at the second communication position 260C.
[0127] Moreover, in the variation according to the third
embodiment, the switching valve 260 has the switching
pilot chamber 261 to which the control pilot pressure is
introduced and the pilot port 280a which introduces the
control pilot pressure to the switching pilot chamber 261,
and at the first communication position 260A, the second
pilot chamber 41b and the tank passage 51 are made to
communicate through the pilot port 280a, and at the sec-
ond communication position 260C, the tank passage 51
is opened, and the second pilot chamber 41b and the
tank T are made to communicate with each other.
[0128] The embodiments of the present invention de-
scribed above are merely illustration of some application
examples of the present invention and not of the nature
to limit the technical scope of the present invention to the
specific constructions of the above embodiments.
[0129] The present application claims a priority based
on Japanese Patent Application No. 2017-220301 filed
with the Japan Patent Office on November 15, 2018, all
the contents of which are hereby incorporated by refer-
ence.

Claims
1. Afluid pressure control device comprising:

a main passage configured to introduce a work-
ing fluid discharged from a first pump;
acylinder control valve provided in the main pas-
sage, the cylinder control valve being configured
to control a flow of the working fluid supplied and
discharged to and from a fluid pressure cylinder
configured to drive a load;

a merging passage configured to introduce the
working fluid to the cylinder control valve from a
second pump; and

a communication valve to which the merging
passage s connected, the communication valve
having a first pilot chamber and a second pilot
chamber, a pilot passage to which a pilot pres-
sure is introduced is connected to the first pilot
chamber, a tank passage communicating with
atank is connected to the second pilot chamber,
wherein

a first control passage communicating with the
tank through the cylinder control valve is con-
nected to the pilot passage;

the communication valve has a supply position
where the working fluid is introduced to the cyl-
inder control valve from the second pump and
a shut-off position where a supply of the working
fluid to the cylinder control valve from the second
pump is shut off,
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the communication valve is switched to the sup-
ply position when the first control passage is shut
off by the cylinder control valve so that pilot pres-
sure is introduced to the first pilot chamber; and
a resistance portion configured to be applying
resistance to the passing working fluid is provid-
ed in the tank passage.

2. The fluid pressure control device according to claim
1, further comprising:

a traveling control valve provided in the main
passage on an upstream of the cylinder control
valve, the traveling control valve being config-
ured to control a flow of the working fluid supplied
and discharged to and from a traveling motor,
wherein

a second control passage communicating with
the tank through the traveling control valve is
connected to the pilot passage; and

the communication valve is switched to the sup-
ply position when the first control passage is shut
off by the cylinder control valve and the second
control passage is shut off by the traveling con-
trol valve so that the pilot pressure is led to the
first pilot chamber.

3. The fluid pressure control device according to claim
1, wherein
the resistance portion is a throttle portion configured
to throttle a flow passage of the tank passage.

4. The fluid pressure control device according to claim
3, wherein
the throttle portion is a variable throttle configured
such thatresistance applied to the flow of the working
fluid is made smaller as the communication valve is
switched from the shut-off position to the supply po-
sition.

5. The fluid pressure control device according to claim
1, wherein
the resistance portion is a switching valve to which
a control pilot pressure operating the cylinder control
valve is configured to be introduced and configured
to be operated by the control pilot pressure.

6. The fluid pressure control device according to claim
5, wherein
the switching valve has:

afirst communication position where the second
pilot chamber of the communication valve com-
municates with the tank;

a control position where the resistance is applied
to the working fluid flowing through the tank pas-
sage by switching from a state at the first com-
munication position by an increase in the control
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pilot pressure; and

a second communication position where the
second pilot chamber communicates with the
tank by switching from a state at the control po-
sition by the increase in the control pilot pres-
sure.

The fluid pressure control device according to claim
6, wherein

the switching valve opens the tank passage and al-
lows the second pilot chamber and the tank to com-
municate with each other at the first communication
position and opens the tank passage and allows the
second pilot chamber and the tank to communicate
with each other at the second communication posi-
tion.

The fluid pressure control device according to claim
6, wherein

the switching valve has a switching pilot chamber to
which the control pilot pressure is configured to be
introduced and a pilot port configured to introduce
the control pilot pressure to the switching pilot cham-
ber, allows the second pilot chamber and the tank
passage to communicate with each other through
the pilot port at the first communication position, and
opens the tank passage and allows the second pilot
chamber and the tank to communicate with each oth-
er at the second communication position.
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