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(54) COUNTER BALANCE VALVE AND FLUID PRESSURE CONTROL DEVICE PROVIDED WITH
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(67) A counterbalance valve (10) includes: a
valve-side passage (14a,14b) communicating with the
directional control valve (3); a motor-side passage
(15a,15b) communicating with the fluid pressure motor
(2); a control valve (11) configured to control flowing of
working fluid between the valve-side passage (14a,14b)
and the motor-side passage (15a,15b) when the direc-
tional control valve (3) is switched; a pilot chamber
(11a,11b) to which pilot pressure for controlling the con-
trol valve (11) is guided; a pilot passage (13a,13b) com-
municating the valve-side passage (14a,14b) with the
pilot chamber (11a,11b); and a flow rate control valve
(12a,12b) configured to variably control a flow rate of
working fluid flowing through the pilot passage (13a,13b).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a counterbal-
ance valve and a fluid pressure control device including
a counterbalance valve.

BACKGROUND ART

[0002] JPO06-147201A describes a drive circuit of a hy-
draulic motor constituting a traveling device of a construc-
tion machine, in which the drive circuitinterposes a coun-
terbalance valve between the hydraulic motor and a di-
rectional control valve to suppress the impact occurring
atthe time of starting and stopping. Inthe counterbalance
valve described in JP06-147201A, an orifice is provided
in a passage that allows an oil chamber defined on both
ends of a plunger to communicate with a hydraulic pas-
sage communicating to the hydraulic motor. In the coun-
terbalance valve described in JP06-147201A, a stroke
speed of the plunger of the counterbalance valve is de-
termined depending on the diameter of the orifice. More
specifically, with a larger orifice diameter, the stroke
speed of the plunger increases, and with a smaller orifice
diameter, the stroke speed of the plunger slows down.

SUMMARY OF INVENTION

[0003] Generally, the orifice diameter is set on the ba-
sis that the construction machine will travel on flat sur-
face. However, by setting the orifice diameter on the basis
of traveling on flat surface, the distance until the con-
struction machine stops would extend when attempting
to stop while traveling on a downslope. On the contrary,
if the orifice diameter is set on the basis of traveling on
the downslope, the construction machine would sudden-
ly stop when attempting to stop while traveling on flat
surface.

[0004] An object of the present invention is to provide
a counterbalance valve that can appropriately adjust a
braking distance of a vehicle body, and a fluid pressure
control device comprising this counterbalance valve.
[0005] According to one aspect of the present inven-
tion, a counterbalance valve includes: a valve-side pas-
sage communicating with the directional control valve; a
motor-side passage communicating with the fluid pres-
sure motor; a control valve configured to control flowing
of working fluid between the valve-side passage and the
motor-side passage when the directional control valve is
switched; a pilot chamber to which pilot pressure for con-
trolling the control valve is guided; a pilot passage com-
municating the valve-side passage with the pilot cham-
ber; and a flow rate control valve configured to variably
control a flow rate of working fluid flowing through the
pilot passage.
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BRIEF DESCRIPTION OF DRAWINGS
[0006]

[Fig. 1] Fig. 1 is a hydraulic circuit diagram of a hy-
draulic control device according to a first embodi-
ment of the present invention.

[Fig. 2] Fig. 2 is a hydraulic circuit diagram showing
a modification of the hydraulic control device of the
first embodiment of the present invention.

[Fig. 3] Fig. 3 is a hydraulic circuit diagram showing
a modification of the hydraulic control device of the
first embodiment of the present invention.

[Fig. 4] Fig. 4 is a hydraulic circuit diagram showing
a hydraulic control device according to a second em-
bodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
<First Embodiment>

[0007] Described below with reference to the drawings
are a counterbalance valve 10 and a fluid pressure con-
trol device 100 including the counterbalance valve 10,
according to a first embodiment of the present invention.
Fig. 1 is a hydraulic circuit diagram showing the counter-
balance valve 10 and the fluid pressure control device
100 including the counterbalance valve 10, in the first
embodiment.

[0008] The fluid pressure control device 100 is mount-
ed in a vehicle body of a working machine that is driven
by fluid pressure, such as a power shovel or a wheel
loader. In the fluid pressure control device 100, although
working oil is used as the working fluid, other fluids such
as working water may be used as the working fluid.
[0009] As shown in Fig. 1, the fluid pressure control
device 100 includes a pump 1 that discharges working
oil, a hydraulic motor 2 as a fluid pressure motor driven
by the working oil discharged from the pump 1, a direc-
tional control valve 3 provided in a flow passage connect-
ing the pump 1 with the hydraulic motor 2 and which
switches a rotating direction of the hydraulic motor 2, a
supply flow passage 21 connecting the pump 1 with the
directional control valve 3, supply and discharge flow
passages 22a and 22b connecting the hydraulic motor 2
with the directional control valve 3, and a remote control
valve 5 that controls pilot pressure of the directional con-
trol valve 3.

[0010] The pump 1 is driven by power of an engine not
shown, and discharges working oil to the supply flow pas-
sage 21. The pump 1 is a swash plate axial piston pump.
Although the pump 1 is shown as a fixed displacement
typein Fig. 1, itis not limited to this and may be a variable
displacement type.

[0011] The hydraulic motor 2 is a swash plate axial
piston motor with a fixed displacement, and is used as a
hydraulic motor for traveling. The hydraulic motor 2 is
rotatably driven upon receiving supply of the working oil
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discharged from the pump 1. The hydraulic motor 2
switches between forward rotation and reverse rotation
caused by the directional control valve 3. With the forward
rotation of the hydraulic motor 2, the working machine
moves forward, and with the reverse rotation of the hy-
draulic motor 2, the working machine moves backward.
The hydraulic motor 2 is not limited to the swash plate
axial piston motor of the fixed displacement, and may be
a swash plate axial piston motor of a variable displace-
ment.

[0012] The hydraulic motor 2 is provided with a nega-
tive type parking brake 2a that applies braking force to
the hydraulic motor 2 when stopping. The parking brake
2a is connected to a counterbalance valve 10 described
later, via a flow passage 23. The parking brake 2a allows
the hydraulic motor 2 to rotate upon releasing the brake
when the pressure of the flow passage 23 exceeds a
predetermined pressure (brake release pressure).
[0013] The directional control valve 3 includes a for-
ward position A that guides the working oil discharged
from the pump 1 into the supply flow passage 21 to the
hydraulic motor 2 through the supply and discharge flow
passage 22a, a backward position B that guides the work-
ing oil discharged from the pump 1 into the supply flow
passage 21 to the hydraulic motor 2 through the supply
and discharge flow passage 22b, and a neutral position
C that allows the pump 1 and the hydraulic motor 2 to
communicate with a tank T. The directional control valve
3 is switched due to working oil (pilot pressure) supplied
from a pilot pump 4 to pilot chambers 3a and 3b through
a remote control valve 5 in association with an operator
of the working machine manipulating the remote control
valve 5. More specifically, when the remote control valve
5is manipulatedto one side and pilot pressureis supplied
to the pilot chamber 3a, the directional control valve 3
switches to the forward position A, and when the remote
control valve 5 is manipulated to the other side and the
pilot pressure is supplied to the pilot chamber 3b, the
directional control valve 3 switches to the backward po-
sition B. When the remote control valve 5 is in a neutral
position, that is, when no pilot pressure is acting on either
of the pilot chambers 3a and 3b, the directional control
valve 3 becomes in the neutral position C due to an en-
ergizing force of springs 3c provided on both sides of the
directional control valve 3. The pilot pressure supplied to
the pilot chambers 3a and 3b is controlled in accordance
with the manipulated amount of the remote control valve
5.

[0014] The remote control valve 5 includes a position
detecting sensor 5a that detects a neutral state of the
remote control valve 5. The position detecting sensor 5a
outputs a detection signal to a controller 40 when the
operation lever of the remote control valve 5 is in the
neutral position. When the remote control valve 5 is in
the neutral state, the directional control valve 3 is also in
the neutral state. Namely, the neutral state of the direc-
tional control valve 3 can be detected by the position
detecting sensor 5a. The position detecting sensor 5a is
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equivalent to a neutral state detecting unit adapted to
detect that the directional control valve 3 is in the neutral
state.

[0015] The fluid pressure control device 100 further in-
cludes the counterbalance valve 10 provided between
the directional control valve 3 and the hydraulic motor 2.
The counterbalance valve 10 is provided in the supply
and discharge flow passages 22a and 22b.

[0016] The counterbalance valve 10 includes valve-
side passages 14a and 14b that communicate with the
directional control valve 3 through the supply and dis-
charge flow passages 22a and 22b, motor-side passages
15a and 15b that communicate with the hydraulic motor
2 through the supply and discharge flow passages 22a
and 22b, a control valve 11 that controls the flow of the
working oil between the valve-side passages 14a and
14b and the motor-side passages 15a and 15b when the
directional control valve 3 is switched, pilot chambers
11a and 11b to which pilot pressure to control the control
valve 11 is guided, pilot passages 13a and 13b that allow
the valve-side passages 14a and 14b to communicate
with the pilot chambers 11aand 11b, and flow rate control
valves 12a and 12b provided in the pilot passages 13a
and 13b and which variably controls the flow rate of the
working oil flowing through the pilot passages 13a and
13b.

[0017] The pilot chambers 11a and 11b are provided
on either ends of the control valve 11. The pilot passages
13a and 13b branch from the respective valve-side pas-
sages 14aand 14b and communicate with the pilot cham-
bers 11a and 11b, respectively.

[0018] The control valve 11 includes a working position
Dthatallows the valve-side passage 14a tocommunicate
with the motor-side passage 15a and the flow passage
23 and allows the valve-side passage 14b to communi-
cate with the motor-side passage 15b, a working position
E that allows the valve-side passage 14ato communicate
with the motor-side passage 15a and allows the valve-
side passage 14b to communicate with the motor-side
passage 15b and the flow passage 23, and a neutral
position F that disconnects the communication between
the valve-side passage 14a and 14b and the motor-side
passage 15a and 15b.

[0019] When the directional control valve 3 is switched
to the forward position A, the control valve 11 is switched
to the working position D by the working oil discharged
from the pump 1 being guided to the pilot chamber 11a
through the supply and discharge flow passage 22a, the
valve-side passage 14a and the pilot passage 13a. More-
over, when the directional control valve 3 is switched to
the backward position B, the control valve 11 is switched
to the working position E by the working oil discharged
from the pump 1 being guided to the pilot chamber 11b
through the supply and discharge flow passage 22b, the
valve-side passage 14b and the pilot passage 13b. Fur-
thermore, when the directional control valve 3 is switched
to the neutral position C, the control valve 11 is switched
to the neutral position F by the working oil within the pilot
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chambers 11a and 11b being discharged to the tank T
through the supply and discharge flow passages 22a and
22b, the pilot passages 13a and 13b and the valve-side
passages 14a and 14b, due to the energizing force of
the spring 11c provided on both sides.

[0020] The flow rate control valves 12a and 12b are
electromagnetic proportional control valves including an
electromagnetic proportional solenoid. When detected
that the directional control valve 3 is in the neutral state,
the flow rate control valves 12a and 12b control the flow
rate of the working oil flowing through the pilot passages
13a and 13b, by the flow passage area varying on the
basis of an electric current applied from the controller 40.
Namely, the flow rate control valves 12a and 12b function
as a variable throttle. The flow rate control valves 12a
and 12b have a minimum flow passage area (throttle) in
a state in which no electric current is applied from the
controller 40, and is controlled to have the flow passage
area (throttle) increase as the electric current applied
from the controller 40 increases. The flow rate control
valves 12a and 12b control the pressure of the working
oil within the pilot chambers 11a and 11b and adjust the
switching speed of the control valve 11, by controlling
the flow rate of the working oil flowing through the pilot
passages 13a and 13b.

[0021] The fluid pressure control device 100 further in-
cludes aninclination sensor 30 as aninclination detecting
unit to detect a tilt angle of a vehicle body of the working
machine, and a flow rate sensor 50 as a flow rate detect-
ing unit to detect the flow rate of the working oil flowing
to the hydraulic motor 2.

[0022] The inclination sensor 30 detects the tilt angle
in the forward-backward direction towards a horizontal
plane of the vehicle body of the working machine, and
outputs the detected tilt angle to the controller 40.
[0023] Theflowrate sensor50is provided in the supply
and discharge flow passage 22a, detects the flow rate of
the working oil flowing through the supply and discharge
flow passage 22a and outputs the detected flow rate to
the controller 40. The flow rate sensor 50 may be provid-
ed in the supply and discharge flow passage 22b.
[0024] Operations of the counterbalance valve 10 and
the fluid pressure control device 100 configured as above
will be described.

[0025] First described is a case of moving the working
machine forwards.

[0026] Whenthe operator manipulates the remote con-
trol valve 5 towards one side, the working oil discharged
from the pilot pump 4 is supplied to the pilot chamber 3a
through the remote control valve 5. At this time, the pilot
chamber 3a is supplied with a pilot pressure in accord-
ance with the manipulated amount of the remote control
valve 5. This causes the directional control valve 3 to
switch to the forward position A, and the working oil dis-
charged from the pump 1 flows from the supply flow pas-
sage 21 into the valve-side passage 14a of the counter-
balance valve 10 through the supply and discharge flow
passage 22a.
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[0027] A part of the working oil flowing into the valve-
side passage 14a of the counterbalance valve 10 flows
into the pilot chamber 11a through the pilot passage 13a.
This causes the control valve 11 to switch to the working
position D. At this time, the directional control valve 3 is
not in the neutral state, and thus no electric current from
the controller 40 is applied to the flow rate control valve
12a. Accordingly, the flow passage area of the flow rate
control valve 12a is at its minimum. Therefore, since the
flow is limited by the flow rate control valve 12a, the work-
ing oil flowing through the pilot passage 13a flows gently
into the pilot chamber 11a. This causes the control valve
11 to gradually switch to the working position D.

[0028] When the control valve 11 switches to the work-
ing position D, the working oil discharged from the pump
1 is supplied to the hydraulic motor 2 through the supply
flow passage 21, the directional control valve 3, the sup-
ply and discharge flow passage 22a, the valve-side pas-
sage 14a, the control valve 11, the motor-side passage
15a, and the supply and discharge flow passage 22a.
Simultaneously to this, the working oil discharged from
the pump 1 is supplied to the parking brake 2a via the
control valve 11 through the flow passage 23, thereby
releasing the parking brake 2a. This causes the hydraulic
motor 2 to rotate forwardly, and the working machine
moves forward.

[0029] The flow rate of the working oil flowing through
the supply and discharge flow passage 22a is detected
by the flow rate sensor 50, and the detected flow rate is
outputted to the controller 40. The working oil discharged
from the hydraulic motor 2 is returned to the tank T
through the supply and discharge flow passage 22b, the
motor-side passage 15b, the control valve 11, the valve-
side passage 14b, the supply and discharge flow pas-
sage 22b, and the directional control valve 3.

[0030] Next describes a case of the working machine
stopping from the moving forward state.

[0031] When the operator returns the remote control
valve 5 to the neutral position, the working oil of the pilot
chamber 3a is discharged to the tank T through the re-
mote control valve 5. This causes the directional control
valve 3 to return to the neutral position C due to the en-
ergizing force of the springs 3¢ provided in the directional
control valve 3.

[0032] When the directional control valve 3 returns to
the neutral position C, the valve-side passage 14a com-
municates with the tank T through the supply and dis-
charge flow passage 22a and the directional control valve
3. This causes the working oil within the pilot chamber
11a to be discharged to the tank T through the pilot pas-
sage 13a, the valve-side passage 14a, the supply and
discharge flow passage 22a, and the directional control
valve 3.

[0033] When the remote control valve 5 is returned to
the neutral position, the position detecting sensor 5a pro-
vided in the remote control valve 5 detects that the op-
eration lever of the remote control valve 5is in the neutral
state, and outputs a detection signal to the controller 40.
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When the detection signal is received from the position
detecting sensor 5a, the controller 40 applies an electric
current in accordance with the tilt angle detected by the
inclination sensor 30, to the flow rate control valve 12a.
More specifically, the controller 40 applies no electric cur-
rent to the flow rate control valve 12a when the working
machine is in a horizontal state, and when the working
machine is in a state tilted with the front side lower, a
larger electric current is applied to the flow rate control
valve 12a with a larger tilt angle of the vehicle body.
Namely, when the vehicle body is tilted with the front side
lower, a large electric current is applied to the flow rate
control valve 12a, and the flow passage area of the flow
rate control valve 12a increases. This causes the resist-
ance due to the throttle of the flow rate control valve 12a
against the flow of the working oil discharged from the
pilot chamber 11a to decrease, and thus the switching
speed of the control valve 11 increases. Accordingly,
when the vehicle body is tilted with the front side lower,
the control valve 11 switches to the neutral position F
fromthe working position D quicker than the case in which
the vehicle body is in the horizontal state. Therefore,
when the vehicle body is tilted with the front side lower,
namely, when the working machine is traveling forward
on a downslope, the communication between the valve-
side passage 14a and the motor-side passage 15a is
disconnected quicker than when the vehicle body is in
the horizontal state, and the braking force to the hydraulic
motor 2 occurs quicker. As such, the fluid pressure con-
trol device 100 can make the braking force to the hydrau-
lic motor 2 occur earlier when the working machine is
traveling forward on the downslope, and thus the braking
distance at the time of the working machine stopping can
be made shorter.

[0034] Moreover, the controller 40 receives the flow
rate of the supply and discharge flow passage 22a de-
tected by the flow rate sensor 50. When the detection
signal is received from the position detecting sensor 5a,
the controller 40 applies an electric current to the flow
rate control valve 12a in accordance with the flow rate
detected by the flow rate sensor 50. More specifically,
the controller 40 applies a larger electric current to the
flow rate control valve 12a with a greater flow rate. The
flow rate detected by the flow rate sensor 50 is equal to
the flow rate of the working oil supplied to the hydraulic
motor 2, and thus with a greater flow rate detected at the
flow rate sensor 50, a rotational speed of the hydraulic
motor 2 will become faster. Namely, with a faster rota-
tional speed of the hydraulic motor 2, a greater electric
current is applied to the flow rate control valve 12a and
the flow passage area increases. Accordingly, since the
working oil of the pilot chamber 11ais discharged without
receiving any effect due to the throttle of the flow rate
control valve 12a, the switching speed of the control valve
11increases. This makes the switching speed of the con-
trol valve 11 faster when the rotational speed of the hy-
draulic motor 2 is faster, and thus the control valve 11
switches quickly from the working position D to the neutral
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position F. Accordingly, when the rotational speed of the
hydraulic motor 2 is fast, namely, in a case in which the
speed of the working machine is fast, the switching speed
of the control valve 11 will increase, and thus the com-
munication between the valve-side passage 14a and the
motor-side passage 15a will be disconnected quicker
than the case in which the rotational speed of the hydrau-
lic motor 2 is slow (when the speed of the working ma-
chine is slow), and the braking force occurs quicker to
the hydraulic motor 2. As such, the fluid pressure control
device 100 can cause the braking force to the hydraulic
motor 2 to occur quicker when the speed of the working
machineis fast, and thus the braking distance of the work-
ing machine can be made short.

[0035] Next describes a case of moving the working
machine backwards.

[0036] When the operator manipulates the remote con-
trol valve 5 towards the other side, the working oil dis-
charged from the pilot pump 4 is supplied to the pilot
chamber 3b through the remote control valve 5. At this
time, the pilot chamber 3b is supplied with a pilot pressure
inaccordance with the manipulated amount of the remote
control valve 5. This makes the directional control valve
3 switch to the backward position B, and the working oil
discharged from the pump 1 flows from the supply flow
passage 21 into the valve-side passage 14b of the coun-
terbalance valve 10 through the supply and discharge
flow passage 22b.

[0037] A part of the working oil flown into the valve-
side passage 14b of the counterbalance valve 10 flows
into the pilot chamber 11b through the pilot passage 13b.
This causes the control valve 11 to switch to the working
position E. At this time, the directional control valve 3 is
not in the neutral state, and thus no electric current is
applied from the controller 40 to the flow rate control valve
12b. Therefore, the flow passage area of the flow rate
control valve 12b is in its minimum. Therefore, the work-
ing oil flowing through the pilot passage 13b is limited in
the flow by the flow rate control valve 12b, and thus the
working oil flows into the pilot chamber 11b gradually.
This causes the control valve 11 to switch to the working
position E gradually.

[0038] When the control valve 11 switches to the work-
ing position E, the working oil discharged from the pump
1 is supplied to the hydraulic motor 2 through the supply
flow passage 21, the directional control valve 3, the sup-
ply and discharge flow passage 22b, the valve-side pas-
sage 14b, the control valve 11, the motor-side passage
15b, and the supply and discharge flow passage 22b.
Simultaneously to this, the working oil discharged from
the pump 1 is supplied to the parking brake 2a from the
control valve 11 through the flow passage 23, and the
parking brake 2a is released. This causes the hydraulic
motor 2 to rotate backwards, and the working machine
moves backwards.

[0039] The working oil discharged from the hydraulic
motor 2 is returned to the tank T through the supply and
discharge flow passage 22a, the motor-side passage
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15a, the control valve 11, the valve-side passage 14a,
the supply and discharge flow passage 22a, and the di-
rectional control valve 3. At this time, the flow rate of the
working oil flowing through the supply and discharge flow
passage 22a is detected by the flow rate sensor 50, and
the detected flow rate is outputted to the controller 40.
[0040] Nextdescribed isa case of the working machine
stopping from a state moving backward.

[0041] When the operator returns the remote control
valve 5 to the neutral position, the working oil of the pilot
chamber 3b is discharged to the tank T through the re-
mote control valve 5. This causes the directional control
valve 3 to return to the neutral position C due to the en-
ergizing force of the spring 3c provided in the directional
control valve 3.

[0042] When the directional control valve 3 is returned
to the neutral position C, the valve-side passage 14b
communicates with the tank T through the supply and
discharge flow passage 22b and the directional control
valve 3. This causes the working oil within the pilot cham-
ber 11b to be discharged to the tank T through the pilot
passage 13b, the valve-side passage 14b, the supply
and discharge flow passage 22b, and the directional con-
trol valve 3.

[0043] When the remote control valve 5 is returned to
the neutral position, the position detecting sensor 5a pro-
vided in the remote control valve 5 detects that the op-
eration lever of the remote control valve 5 is in the neutral
position, and outputs a detection signal to the controller
40. When the detection signal is received from the posi-
tion detecting sensor 5a, the controller 40 applies an elec-
tric current in accordance with a tilt angle detected by the
inclination sensor 30, to the flow rate control valve 12b.
More specifically, when the working machine is in the
horizontal state, the controller 40 applies no electric cur-
rent to the flow rate control valve 12b, and when the work-
ing machine is in a tilted state with its rear side lower, the
controller 40 applies a greater electric current to the flow
rate control valve 12b with a larger tilt angle of the vehicle
body. Namely, when the vehicle body is tilted with its rear
side lower, a greater electric current is applied to the flow
rate control valve 12b, and the flow passage area in-
creases. Thisreduces theresistance caused by the throt-
tle of the flow rate control valve 12b against the flow of
the working oil discharged from the pilot chamber 11b,
and thus the switching speed of the control valve 11 in-
creases. Accordingly, when the vehicle body is tilted with
its rear side lower, the control valve 11 switches from the
working position E to the neutral position F quicker than
the case in which the vehicle body is in the horizontal
state. Therefore, when the vehicle is tilted with its rear
side lower, namely, when the working machine is travel-
ling backward on a downslope, the communication be-
tween the valve-side passage 14b and the motor-side
passage 15b is disconnected quicker than the case in
which the vehicle body is in the horizontal state, and the
braking force on the hydraulic motor 2 occurs earlier. As
such, the fluid pressure control device 100 can cause the
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braking force on the hydraulic motor 2 to occur earlier,
and thus can shorten the braking distance at the time of
stopping the working machine.

[0044] Moreover, the controller 40 receives the flow
rate of the supply and discharge flow passage 22a that
is detected by the flow rate sensor 50. When the detection
signal is received from the position detecting sensor 5a,
the controller 40 applies an electric currentin accordance
with the flow rate detected by the flow rate sensor 50 to
the flow rate control valve 12b. More specifically, the con-
troller 40 applies a greater electric current to the flow rate
control valve 12b with a greater flow rate. The flow rate
detected by the flow rate sensor 50 is equal to the flow
rate of the working oil supplied to the hydraulic motor 2,
and thus when the flow rate detected at the flow rate
sensor 50 is great, the rotational speed of the hydraulic
motor 2 will be fast. Namely, the faster the rotational
speed of the hydraulic motor 2 is, the larger the applied
electric current is to the flow rate control valve 12b, and
the flow passage area increases. Accordingly, since the
working oil of the pilot chamber 11b is discharged without
receiving any effect by the throttle of the flow rate control
valve 12b, the switching speed of the control valve 11
increases. This causes the switching speed of the control
valve 11 to increase when the rotational speed of the
hydraulic motor 2 is fast, and thus the control valve 11
switches from the working position E to the neutral posi-
tion F quickly. Accordingly, when the rotational speed of
the hydraulic motor 2 is fast, namely, when the speed of
the working machine is fast, the switching speed of the
control valve 11 increases; thus, the communication be-
tween the valve-side passage 14b and the motor-side
passage 15b is disconnected earlier than when the rota-
tional speed of the hydraulic motor 2 is slow (when the
speed of the working machine is slow), and the braking
force in the hydraulic motor 2 occurs earlier. As such, the
fluid pressure control device 100 can cause the braking
force on the hydraulic motor 2 to occur earlier when the
speed of the working machine is fast, and thus can short-
en the braking distance of the working machine.

[0045] Although the flow rate control valves 12a and
12b are described using examples of electromagnetic
proportional control valves, this may be a two-position
electromagnetic switching valve. In this case, a threshold
value may be provided to the tilt angle detected by the
inclination sensor 30 and the flow rate detected by the
flow rate sensor 50, and make the position of the elec-
tromagnetic switching valve to switch their positions
when the threshold value is exceeded. This requires just
the ON/OFF controlling of the positions of the flow rate
control valves 12a and 12b, and thus allows for facilitating
the controlling by the controller 40.

[0046] Moreover, the flow rate control valves 12a and
12b may be rotary valves 60a and 60b driven by an elec-
tric motor, as shown in Fig. 2. In this case, by detecting
a rotation angle with for example a rotation angle sensor
and performing feedback control, a control can be per-
formed with high accuracy. An electric motor such as a
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stepping motor is employed, however an electric motor
of any form may be used as long as the rotation angle
can be detected. Furthermore, as shown in Fig. 3, the
flow rate control valves 12a and 12b may be provided
with a stroke sensor 12c that detects a stroke of a valve
body of the flow rate control valves 12a and 12b. By con-
trolling the stroke of the valve body detected by the stroke
sensor 12c while providing feedback, control may be per-
formed with further higher accuracy.

[0047] Although the fluid pressure control device 100
is configured that the flow rate control valves 12a and
12b are controlled by the controller 40, the flow rate con-
trol valves 12a and 12b may be of a variable throttle by
manual manipulation. Even with such a configuration,
the switching speed of the control valve 11 can be ad-
justed as appropriate.

[0048] Moreover, the fluid pressure control device 100
may be configured to control the flow rate control valves
12a and 12b just by the tilt angle detected by the inclina-
tion sensor 30, or just by the flow rate detected by the
flow rate sensor 50. Furthermore, the flow rate control
valves 12a and 12b may be configured by providing just
the flow rate control valve 12a being on the forward side.
[0049] Moreover, the controller 40 may control the flow
rate control valves 12a and 12b not just when the vehicle
body is in the front side lowered state but also when the
vehicle body is in a front side raised state. For example,
when the directional control valve 3 is in the neutral state,
a constant electric current may be applied to the flow rate
control valves 12a and 12b to increase or decrease the
electric current applied in accordance with the tilt angle
of the vehicle body.

[0050] According to the above first embodiment, the
following effects are exerted.

[0051] The counterbalance valve 10 includes the flow
rate control valves 12a and 12b that variably control the
flow rate of the working oil flowing through the pilot pas-
sages 13aand 13b. Accordingly, the flow rate of the work-
ing oil flown into/discharged from the pilot chambers 11a
and 11b of the control valve 11 can be controlled to adjust
the switching speed of the control valve 11. This allows
for the control valve 11 to adjust a timing of disconnecting
the communication between the hydraulic motor 2 and
the pump 1 as appropriate, and thus allows for adjusting
the braking of the hydraulic motor 2. Therefore, it is pos-
sible to adjust the braking distance of the vehicle body
as appropriate.

[0052] Furthermore, when the directional control valve
3 is returned from the forward position A or backward
position B that cause the hydraulic motor 2 to actuate, to
the neutral position C that causes the hydraulic motor 2
to stop, the flow rate control valves 12a and 12b control
the flow of the working oil discharged from the pilot cham-
bers 11a and 11b in accordance with the tilt angle de-
tected by the inclination sensor 30 and the flow rate de-
tected by the flow rate sensor 50.

[0053] When the vehicle body is tilted with its front side
lower, the braking distance extends due to self-weight of

10

15

20

25

30

35

40

45

50

55

the working machine. However, the fluid pressure control
device 100 includes the position detecting sensor 5a that
detects that the directional control valve 3 is in the neutral
state, and the inclination sensor 30 that detects the tilt
angle of the vehicle body; further, the flow rate control
valves 12a and 12b are controlled in accordance with the
tilt angle detected by the inclination sensor 30 when the
neutral state is detected by the position detecting sensor
5a. Therefore, when the hydraulic motor 2 is to be
stopped, the switching speed of the control valve 11 is
adjusted in accordance with the tilt angle detected by the
inclination sensor 30, to adjust the timing of disconnect-
ing the communication between the hydraulic motor 2
and the pump 1. Accordingly, the fluid pressure control
device 100 can make the braking force on the hydraulic
motor 2 occur in accordance with the tilt angle of the
vehicle body by the counterbalance valve 10; thus, the
braking of the vehicle body can be performed in an ap-
propriate braking distance even when the vehicle body
is tilted with its front side lower.

[0054] Furthermore, the fluid pressure control device
100 includes the flow rate sensor 50 that detects the flow
rate of the working oil flowing to the hydraulic motor 2,
and the flow rate control valves 12a and 12b are control-
led in accordance with the flow rate detected by the flow
rate sensor 50. Therefore, when stopping the hydraulic
motor 2, the switching speed of the control valve 11 is
adjusted in accordance with the flow rate detected by the
flow rate sensor 50 to adjust the timing to disconnect the
communication between the hydraulic motor 2 and the
pump 1. Accordingly, the fluid pressure control device
100 can make a braking force on the hydraulic motor 2
occur in accordance with the speed of the working ma-
chine by the counterbalance valve 10; thus, the braking
of the vehicle body can be performed at an appropriate
braking distance even when the speed of the working
machine is fast.

<Second Embodiment>

[0055] A fluid pressure control device 200 according
to a second embodiment of the present invention is de-
scribed with reference to Fig. 4. Hereinafter, points dif-
ferent from the above first embodiment will be mainly
described, and configurations identical to those in the
fluid pressure control device 100 of the first embodiment
will be given the same reference signs, and description
thereof will be omitted.

[0056] Inthefirstembodiment, the flow rate of the work-
ing oil flowing to the hydraulic motor 2 is detected by the
flow rate sensor 50. The second embodiment differs in
the point that the flow rate of the working oil flowing to
the hydraulic motor 2 is calculated by a differential pres-
sure gauge 70 and a rotation speed sensor 80. This will
be described in detail below.

[0057] The fluid pressure control device 200 includes
the differential pressure gauge 70 as a differential pres-
sure detecting unit that detects a differential pressure
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between a supply side and a discharge side in the hy-
draulic motor 2, and the rotation speed sensor 80 as a
rotational speed detecting unit that detects a rotation
speed of the hydraulic motor 2. The differential pressure
gauge 70 detects pressures of the supply and discharge
flow passage 22a and the supply and discharge flow pas-
sage 22b, and outputs their difference to the controller
40. Therotation speed sensor 80 is provided in the vicinity
of a rotational shaft of the hydraulic motor 2, and detects
the rotation speed of this rotational shaft and outputs the
rotation speed of the hydraulic motor 2 to the controller
40.

[0058] In the controller 40, a map is stored in advance
which shows a relationship between the differential pres-
sure detected by the differential pressure gauge 70 and
a volume efficiency of the hydraulic motor 2. The flow
rate of the working oil flowing through the hydraulic motor
2 can be calculated by a formula of "Flow rate = Displace-
ment volume X Rotation speed X Volume efficiency".
The controller 40 calculates the flow rate of the hydraulic
motor 2 based on the rotation speed detected by the ro-
tation speed sensor 80, the differential pressure detected
by the differential pressure gauge 70, and the above map.
By the flow rate calculated as such, the flow rate control
valves 12a and 12b are controlled as with the first em-
bodiment. Instead of the configuration by the differential
pressure gauge 70, a pressure meter may be provided
on the supply side and the discharge side of the hydraulic
motor 2, and the control may be performed based on a
difference between pressures detected by these pres-
sure meters.

[0059] According to the above second embodiment,
the following effects are exerted in addition to the effects
of the first embodiment.

[0060] The differential pressure gauge 70 and the ro-
tation speed sensor 80 have small measurement errors
as compared to the flow rate sensor 50, and thus can
calculate the flow rate with good accuracy. Therefore,
the flow rate control valves 12a and 12b can be controlled
more accurately. This thus allows for adjusting the brak-
ing distance of the vehicle body more suitably in accord-
ance with the rotational speed of the hydraulic motor 2.
[0061] Description is made collectively for the config-
uration, functions, and effects of the embodiment of the
present invention configured as described above.
[0062] The counterbalance valve 10 includes the
valve-side passages 14a and 14b that communicate with
the directional control valve 3, the motor-side passages
15a and 15b that communicate with the fluid pressure
motor (hydraulic motor 2), the control valve 11 that con-
trols the flow of the working oil between the valve-side
passages 14aand 14b and the motor-side passages 15a
and 15b when the directional control valve 3 is switched,
the pilot chambers 11a and 11b to which pilot pressures
for controlling the control valve 11 are guided, the pilot
passages 13a and 13b that allow the valve-side passag-
es 14a and 14b to communicate with the pilot chambers
11a and 11b, and the flow rate control valves 12a and
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12b that variably control the flow rate of the working oil
flowing through the pilot passages 13a and 13b.

[0063] In this configuration, the counterbalance valve
10 includes the flow rate control valves 12a and 12b that
variably control the flow rate of the working oil flowing
through the pilot passages 13a and 13b;Therefore, by
adjusting the flow rate of the working oil flowing into/dis-
charged from the pilot chambers 11a and 11b of the con-
trol valve 11, the switching speed of the control valve 11
can be adjusted. This allows for adjusting the timing for
the control valve 11 to disconnect the communication
between the fluid pressure motor (hydraulic motor 2) and
the pump 1, and thus can adjust the braking of the fluid
pressure motor (hydraulic motor 2). Accordingly, the
braking distance of the vehicle body can be suitably ad-
justed.

[0064] Moreover, in the counterbalance valve 10, the
flow rate control valves 12a and 12b are controlled to
increase the flow passage area when the directional con-
trol valve 3 is switched from an activation position (for-
ward position A or backward position B) of the fluid pres-
sure motor (hydraulic motor 2) to the stop position (neu-
tral position C) of the fluid pressure motor (hydraulic mo-
tor 2).

[0065] In this configuration, the flow passage area in-
creases in the flow rate control valves 12a and 12b when
the directional control valve 3 is switched from the acti-
vation position of the fluid pressure motor (hydraulic mo-
tor 2) (forward position A or backward position B) to the
stop position of the fluid pressure motor (hydraulic motor
2). This allows for quickening the timing that the control
valve 11 disconnects the communication between the
fluid pressure motor (hydraulic motor 2) and the pump 1,
and can prevent the braking distance of the vehicle body
from extending.

[0066] Moreover, in the counterbalance valve 10, the
pilot chambers 11a and 11b are provided on each of end
portions of the control valve 11, and the flow rate control
valves 12a and 12b are provided in respective pilot pas-
sages 13a and 13b that guide the pilot pressure to their
respective pilot chambers 11a and 11b.

[0067] Inthis configuration, whichever direction the flu-
id pressure motor (hydraulic motor 2) activates, the
switching speed of the control valve 11 can be adjusted;
therefore, whichever direction the vehicle body travels,
the braking distance of the vehicle body can be suitably
adjusted.

[0068] Moreover, in the counterbalance valve 10, the
flow rate control valves 12a and 12b are electromagnetic
switching valves.

[0069] In this configuration, the flow rate control valves
12a and 12b are electromagnetic switching valves; there-
fore, the electric current just needs to be switched ON or
OFF. This thus allows for simplifying the controlling.
[0070] Moreover, in the counterbalance valve 10, the
flow rate control valves 12a and 12b are rotary valves
60a and 60b driven by an electric motor.

[0071] Moreover, in the counterbalance valve 10, the
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flow rate control valves 12a and 12b are electromagnetic
proportional control valves.

[0072] In these configurations, minute control can be
performed since electric motors and electromagnetic
proportional control valves are used.

[0073] Moreover, in the counterbalance valve 10, the
flow rate control valves 12a and 12b further include the
stroke sensor 12c¢ that detects the moved amount of the
valve body.

[0074] In this configuration, by providing feedback of
the moved amount of the valve body detected by the
stroke sensor 12c, a more accurate control can be per-
formed.

[0075] The fluid pressure control device 100 includes
the pump 1 that discharges working oil, the fluid pressure
motor (hydraulic motor 2) that drives by the working oil
discharged from the pump 1, the directional control valve
3 provided in the flow passage connecting the pump 1
with the fluid pressure motor (hydraulic motor 2) and
which switches the rotating direction of the fluid pressure
motor (hydraulic motor 2), and the counterbalance valve
10 provided between the directional control valve 3 in the
flow passage and the fluid pressure motor (hydraulic mo-
tor 2).

[0076] Moreover, the fluid pressure control device 100
further includes the neutral state detecting unit (position
detecting sensor 5a) that detects that the directional con-
trol valve 3 is in the neutral state, and the inclination de-
tecting unit (inclination sensor 30) that detects the tilt an-
gle of the vehicle body, and the flow rate control valves
12a and 12b are controlled with accordance with the tilt
angle detected by the inclination detecting unit (inclina-
tion sensor 30) when the neutral position detecting unit
(position detecting sensor 5a) detects the neutral state.
[0077] In this configuration, the flow rate control valves
12a and 12b are controlled in accordance with the tilt
angle of the vehicle body when the directional control
valve 3 is in the neutral state; thus, the switching speed
of the control valve 11 when the fluid pressure motor
(hydraulic motor 2) stops can be adjusted in accordance
with the tilt angle of the vehicle body. Therefore, the brak-
ing of the fluid pressure motor (hydraulic motor 2) can be
suitably performed in the state in which the vehicle body
is tilted. This allows for suitably adjusting the braking dis-
tance of the vehicle body with accordance with the tilted
state of the vehicle body.

[0078] Moreover, the fluid pressure control device 100
further includes the flow rate detecting unit (flow rate sen-
sor 50) that detects the flow rate of the working oil flowing
to the fluid pressure motor (hydraulic motor 2), and the
flow rate control valves 12a and 12b are controlled in
accordance with the detected flow rate detected by the
flow rate detecting unit (flow rate sensor 50).

[0079] In this configuration, the flow rate control valves
12a and 12b are controlled in accordance with the flow
rate detected by the flow rate detecting unit (flow rate
sensor 50), and thus the switching speed of the control
valve 11 can be adjustedin accordance with the rotational
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speed of the fluid pressure motor (hydraulic motor 2).
This thus allows for suitably adjusting the braking dis-
tance of the vehicle body in accordance with the rotational
speed of the fluid pressure motor (hydraulic motor 2).
[0080] Moreover, the fluid pressure control device 100
further includes the differential pressure detecting unit
(differential pressure gauge 70) that detects the differen-
tial pressure between the supply side and the discharge
side of the fluid pressure motor (hydraulic motor 2), and
the rotation speed detecting unit (rotation speed sensor
80) that detects the rotation speed of the fluid pressure
motor (hydraulic motor 2); and the flow rate control valves
12a and 12b are controlled in accordance with the differ-
ential pressure detected by the differential pressure de-
tecting unit (differential pressure gauge 70) and the ro-
tation speed detected by the rotation speed detecting
unit (rotation speed sensor 80).

[0081] According to this configuration, the working
state of the fluid pressure motor (hydraulic motor 2) can
be detected based on the differential pressure between
the supply side and the discharge side of the fluid pres-
sure motor (hydraulic motor 2) and the rotation speed of
the fluid pressure motor (hydraulic motor 2). Since the
measurement errors in the differential pressure between
the supply side and the discharge side in the fluid pres-
sure motor (hydraulic motor 2) and the rotation speed of
the fluid pressure motor (hydraulic motor 2) are small,
the flow rate can be calculated with good accuracy. Ac-
cordingly, the flow rate control valves 12a and 12b can
be controlled more accurately. This thus allows for more
suitably adjusting the braking distance of the vehicle body
in accordance with the rotational speed of the fluid pres-
sure motor (hydraulic motor 2).

[0082] Embodiments of this invention were described
above, butthe 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.

[0083] For example, in each of the above embodi-
ments, an oil temperature sensor that detects an oil tem-
perature may be provided in the supply and discharge
flow passages 22a and 22b. Since viscosity of the work-
ing oil can be calculated from the detected oil tempera-
ture, the flow rate control valves 12a and 12b can be
controlled with better accuracy by controlling using cor-
rection factors (or a map) in accordance with the viscos-
ity.

[0084] Moreover, in each of the above embodiments,
the hydraulic motor 2 is described using one for traveling
as an example, however the hydraulic motor 2 may be
used for revolving.

[0085] As aconfiguration for detecting the neutral state
of the directional control valve 3, a sensor that detects a
position of the valve body of the directional control valve
3 may be provided. Alternatively, the neutral state of the
directional control valve 3 may be detected by detecting
a pressure of the pilot chambers 3a and 3b or the pilot
flow passage communicating with the pilot chambers 3a
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and 3b.

[0086] This application claims priority based on Japa-
nese Patent Application N0.2015-227811 filed with the
Japan Patent Office on November 20, 2015, the entire
contents of which are incorporated into this specification.

Claims

1. A counterbalance valve provided in a flow passage
connecting a fluid pressure motor with a directional
control valve, the fluid pressure motor being provided
on a vehicle body and being configured to be driven
by working fluid discharged from a pump, the direc-
tional control valve being configured to switch a ro-
tating direction of the fluid pressure motor, the coun-
terbalance valve comprising:

a valve-side passage communicating with the
directional control valve;

a motor-side passage communicating with the
fluid pressure motor;

a control valve configured to control flowing of
working fluid between the valve-side passage
and the motor-side passage when the direction-
al control valve is switched;

a pilot chamber to which pilot pressure for con-
trolling the control valve is guided;

a pilot passage communicating the valve-side
passage with the pilot chamber; and

a flow rate control valve configured to variably
control a flow rate of working fluid flowing
through the pilot passage.

2. The counterbalance valve according to claim 1,
wherein
the flow rate control valve is controlled to increase a
flow passage area when the directional control valve
is switched from an activation position of the fluid
pressure motorto a stop position of the fluid pressure
motor.

3. The counterbalance valve according to claim 1 or 2,
wherein
the pilot chamber is provided on each of end portions
of the control valve, and
the flow rate control valve is provided in the pilot pas-
sage, the pilot passage being configured to guide
pilot pressure to the pilot chamber.

4. The counterbalance valve according to claim 1 or 2,
wherein
the flow rate control valve is an electromagnetic
switching valve.

5. The counterbalance valve according to claim 1 or 2,
wherein
the flow rate control valve is a rotary valve driven by
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10

an electric motor.

The counterbalance valve according to claim 1 or 2,
wherein

the flow rate control valve is an electromagnetic pro-
portional control valve.

The counterbalance valve according to claim 6,
wherein

the flow rate control valve has a stroke sensor con-
figured to detect a moved amount of a valve body.

A fluid pressure control device for controlling the fluid
pressure motor, the fluid pressure control device
comprising:

the pump configured to discharge working fluid;
the fluid pressure motor configured to be driven
by working fluid discharged from the pump;
the directional control valve provided in a flow
passage connecting the pump with the fluid
pressure motor, the directional control valve be-
ing configured to switch a rotating direction of
the fluid pressure motor; and

the counterbalance valve according to claim 1
or 2, provided between the directional control
valve in the flow passage and the fluid pressure
motor.

9. The fluid pressure control device according to claim

8, further comprising:

aneutral state detecting unitconfigured to detect
that the directional control valve is in a neutral
state; and

an inclination detecting unit configured to detect
a tilt angle of the vehicle body, wherein

the flow rate control valve is controlled in accord-
ance with a tilt angle detected by the inclination
detecting unit when the neutral position is de-
tected by the neutral position detecting unit.

10. The fluid pressure control device according to claim

8, further comprising:

a flow rate detecting unit configured to detect a
flow rate of working fluid flowing to the fluid pres-
sure motor, wherein

the flow rate control valve is controlled in accord-
ance with the flow rate detected by the flow rate
detecting unit.

11. The fluid pressure control device according to claim

9, further comprising:

a differential pressure detecting unit configured
to detect a differential pressure between a sup-
ply side and adischarge side in the fluid pressure
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motor; and

a rotation speed detecting unit configured to de-
tect arotation speed of the fluid pressure motor,
wherein

the flow rate control valve is controlled in accord-
ance with the differential pressure detected by
the differential pressure detecting unit and the
rotation speed detected by the rotation speed
detecting unit.
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