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ABSTRACT

A hydraulic control device (10) includes: a hydraulic pump (30) to which steering cylinders
(18L and 18R) and boom cylinders (22) are connected in parallel; a steering control valve (34)
configured to control the direction of operating oil flowing through the steering cylinders (18L and 18R);
and a boom control valve (44) configured to connect the hydraulic pump (30) to a tank (48) when the
boom control valve (44) is located at a neutral position and control the direction of the operating oil
flowing through the boom cylinders (22) when the boom control valve (44) is located at an offset
position. Further, the hydraulic control device (10) includes: a meter-in pressure compensator (33)
configured to increase a flow rate of the operating oil flowing through a variable restrictor (37) of the
steering control valve (34) in accordance with pressure in front of the variable restrictor (37) and pressﬁre
behind the variable restrictor (37); and a bleed-off pressure compensator (42) configured to decrease the
flow rate of the operating oil flowing through the boom control valve (44) in accordance with the
increase in the pressure of the operating oil flowing through the steering cylinders (18L and 18R) to

maintain the pressure of the oil in the steering control circuit (31) at predetermined pressure.
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CLAIMS
[Claim 1]  Ahydraulic control device comprising:

a hydraulic pump connected to a steering device and a work machine actuator so as to
supply operating oil to the steering device and the work machine in parallel;

a steering control valve configured to cause a spool thereof to move to control a direction of
the operating oil flowing to the steering device;

an actuator control valve configured to connect the hydraulic pump to a tank when the
actuator control valve is located at a neutral position and control the direction of the operating oil flowing
through the work machine actuator when the actuator control valve is located at an offset position,

a meter-in pressure compensator configured to control a flow of the operating oil, supplied
to the steering control valve, to maintain differential pressure between pressure of the operating oil at an
upstream side of the steering control valve and pressure of the operating oil at a downstream side of the
steering control valve at constant pressure regardless of an opening degree of the spool of the steering
control valve; and

a bleed-off pressure compensator configured to control the flow of the operating oil
supplied to the actuator control valve, utilize the pressure of the operating oil at the downstream side of
the steering control valve as first pilot pressure, and utilize the pressure of the operating oil ejected from

the hydraulic pump as second pilot pressure that acts against the first pilot pressure.

[Claim2] The hydraulic control device according to claim 1, wherein the bleed-off’ pressure
compensator operates so as to:

decrease the flow rate of the operating oil, supplied to the actuator control valve, in
accordance with an increase in the pressure of the operating oil supplied to the steering device; and

cause the pressure of the operating oil, ejected from the hydraulic pump, to become pressure

higher than the pressure of the operating oil necessary to drive the steering device.

[Claim 3] The hydraulic control device according to claim 1 or 2, further comprising a restrictor
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interposed between the actuator control valve and the tank, wherein
the hydraulic pump is a variable displacement pump configured to adjust an ejection flow
rate thereof in accordance with the pressure of the operating oil flowing between the actuator control

valve and the restrictor.

[Claim4] The hydraulic control device according to any one of claims 1 to 3, wherein the meter-in
pressure compensator utilizes the operating oil at the upstream side of the steering control valve and the
operating oil at the downstream side of the steering control valve as two different pilot oil acting against
each other,

the hydraﬁlic control device further comprising

a steering relief valve configured to discharge the pilot oil, which is the operating oil at the
downstream side, to the tank when the pressure of the pilot oil, which is the operating oil at the

downstream side, becomes predetermined pressure.

[Claim 5] A construction machinery comprising the hydraulic control device according to any one of

claims 1 to 4. A\

e 1
Dated this '? day of June, 2014

MAHARA)J)
egn. No.: IN/PA-1064)
of D.P. AHUJA & CO.
APPLICANT'S AGENT
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DESCRIPTION

Title of Invention: HYDRAULIC CONTROL DEVICE AND CONSTRUCTION MACHINERY
INCLUDING SAME

Technical Field

[0001] The present invention relates to a hydraulic control device including: a hydraulic pump to
which a steering device and a work machine actuator are connected in parallel; a steering control valve
configured to control the ﬂqw rate of oil flowing to the steering device; and an actuator control valve
configured to control the flow rate of oil flowing to the work machine actuator, and a construction

machinery including the hydraulic control device.

Background Art

[0002] A self-running construction vehicle, such as a wheel loader, includes a steering actuator and
can change the running direction of a vehicle main body thereof by supplying operating oil to the steering
actuator. The steering actuator is connected to a hydraulic pump through a steering control valve. The
steering control valve changes the direction of the operating oil flowing to the steering device in
accordance with the operation of a handle. By changing the direction of the operating oil flowing to the
steering actuator, the steering actuator extends or contracts, so that the running direction of the
construction vehicle changes.

[0003] The construction vehicle includes a work machine cylinder, and for example, a work
machine, such as a bucket, can be moved up and down by supplying the operating oil to the work
machine cylinder. The work machine cylinder is connected to the hydraulic pump through a work
machine control valve. The work machine control valve changes the direction of the operating oil
flowing to the work machine in accordance with the operation of a lever, and by changing the direction
of the operating oil flowing to the work machine cylinder, the work machme moves up or down.

[0004] ‘Used as the work machine control valve is an open-center flow rate control valve. Ata
neutral position, the open-center flow rate contro] valve connects the hydraulic pump and a tank through

a restrictor. Adopted as the hydraulic pump is a variable displacement hydraulic pump, and the




hydraulic pump controls an ejection amount thereof in accordance with pressure generated at an
upstream side of the restrictor.

[0005] The steering control valve and the work machine control valve are connected to a priority
valve in parallel and further connected to the hydraulic pump through the priority valve. When driving
the steering device, the priority valve preferentially supplies an operating fluid from the hydraulic pump

to the steering control valve (see PTL 1, for example).

Citation List
Patent Literature

[0006] PTL 1: Japanese Laid-Open Patent Application Publication No. 2006-27351

Summary of Invention

Technical Problem

[0007] Figs. SA and 5B are plan views respectively showing conventional wheel loaders 1A and
1B. Fig. 5A is a diagram showing the wheel loader 1A in which a priority valve 9 is integrated with a
steering control valve 7, and Fig. 5B is a diagram showing the wheel loader 1B in which the priority
valve 9 is integrated with a work machine control valve 8. In each of the wheel loaders 1A and 1B that
are examples of the above construction vehicle, a vehicle main body thereof is divided into a rear chassis
2 that is a rear portion and a front chassis 3 that is a front portion, and these chassis 2 and 3 are connected
to each other by a center pin 4 so as to be swingable.

[0008] An engine E configured to cause the vehicle main body to run is provided at a rear portion
of the rear chassis 2, and a hydraulic pump 5 is coupled to the engine E.  The rear chassis 2 is provided
with a driver’s seat 6, and the steering control valve 7 is provided under the driver’s seat 6. The front
chassis 3 is provided with the work machine control valve 8. In each of the wheel loaders 1A and 1B in
each of which the steering control valve 7 and the work machine control valve 8 are arranged as above,
the priority valve 9 may be arranged alone or may be arranged so as to be integrated with one of the

hydraulic pump 5, the steering control valve 7, and the work machine control valve 8.



[0009] In a case where the priority valve 9 is arranged alone, a casing of the priority valve 9 needs
to be additionally provided, so that the number of components provided at the rear chassis 2 or the front
chassis 3 increases. In a case where the priority valve 9 is integrated with the hydraulic pump 5 to form
a unit, the hydraulic pump 5 as the unit becomes a dedicated component. Therefore, the hydraulic
pump 5 cannot be replaced with a general purpose hydraulic pump. Thus, the availability of the
hydraulic pump 5 deteriorates.

[0010] A maximum flow rate of oil that can be supplied by the steering control valve 7 and a
maximum flow rate of oil that can be supplied by the work machine control valve 8 are different from
each other (generally, the maximum flow rate of the work machine control valve 8 is higher than that of
the steering control valve 7). Therefore, to reduce pressure loss (energy loss) when the operating oil
flows through the priority valve 9 configured to divide the operating oil flowing from the hydraulic pump
5, a spool of the priority valve 9 should be formed larger in diameter than a spool of the steering control
valve 7 in accordance with a maximum flow rate of oil supplied to the work machine control valve 8.
Therefore, the spool of the priority valve 9 is different in diameter from that of the steering control valve
7. In a case where the priority valve 9 is integrated with the steering control valve 7 as shown in Fig,
5A to form a unit, two spool holes that are different in diameter from each other need to be formed. On
this account, in the unit configured by integrating the priority valve 9 with the steering control valve 7,
these two spool holes need to be respectively processed by different processing devices. Thus, a large
amount of labor is required when producing the unit.

[0011] As shown in Fig. 5B, in a case where the priority valve 9 is integrated with the work
machine control valve 8, the spool of the work machine control valve 8 is substantially the same in
diameter as the spool of the priority valve 9. Therefore, unlike the above case, a large amount of labor
is not required when producing the unit. According to this configuration, since the priority valve 9 is
provided at the front chassis 3, two pipes that are a pipe connecting the hydraulic pump 5 and the priority
valve 9 and a pipe connecting the priority valve 9 and the steering control valve 7 extend over the center
pin4. Since these two pipes are pipes through which high-pressure operating oil flows at a high flow

rate, it is difficult to arrange the pipes such that the pipes extend over the center pin 4.



[0012] As above, in the case of using the priority valve 9, various problems occur wherever at the
vehicle main body the priority valve 9 is provided.

[0013] Here, an object of the present invention to provide a hydraulic control device capable of
preferentially supplying operating oil from a hydraulic pump to a steering device without using a priority

valve, and a construction machinery including the hydraulic control device.

Solution to Problem

[0014] A hydraulic control device of the present invention includes: a hydraulic pump connected to
a steering device and a work machine actuator so as to supply operating oil to the steering device and the
work machine in parallel; a steering control valve configured to cause a spool thereof to move to control
a direction of the operating oil flowing to the steering device; an actuator control valve configured to
connect the hydraulic pump to a tank when the actuator control valve is located at a neutral position and
control the direction of the operating oil flowing through the work machine actuator when the actuator
control valve is located at an offset position; a meter-in pressure compensator configured to control a
flow of the operating oil, supplied to the steering control valve, to maintain differential pressure between
pressure of the operating oil at an upstream side of the steering control valve and pressure of the
operating oil at a downstream side of the steering control valve at constant pressure regardless of an
opening degree of the spool of the steering control valve; and a bleed-off pressure compensator
configured to control the flow of the operating oil supplied to the actuator control valve, utilize the
pressure of the operating oil at the downstream side of the steering control valve as first pilot pressure,
and utilize the pressure of the operating oil ejected from the hydraulic pump as second pilot pressure that
acts against the first pilot pressure.

[0015] According to the present invention, the differential pressure between the pressure of the
operating oil at the upstream side of the steering control valve and the pressure of the operating oil at the
downstream side of the steering control valve is compensated by the meter-in pressure compensator, so
that the operating oil can be supplied to the steering device at a flow rate corresponding to the opening

degree of the steering control valve (that is, a flow rate corresponding to the displacement amount of the



spool). In addition, by utilizing the pressure of the operating oil at the downstream side of the steering
control valve as the first pilot pressure of the bleed-off pressure compensator, load pressure of the
steering device can be reflected in the flow rate of the operating oil supplied through the bleed-off
pressure compensator to the work machine actuator.  With this, while securing the operating oil required
by the steering device, the operating oil can also be supplied to the work machine actuator.

[0016] By providing the two control valves that are the meter-in pressure compensator and the
bleed-off pressure compensator, these two control valves can be designed so as to respectively
correspond to the steering control valve and the work machine control valve. Thus, a processing device
for the steering control valve and the meter-in pressure compensator and a processing device for the work
machine control valve and the bleed-off pressure compensator can be configured. In addition, by
providing the two control valves, the meter-in pressure compensator and the bleed-off pressure
compensator can be connected to the hydraulic pump in parallel. With this, a pipe connecting the
hydraulic pump and the steering control valve and a pipe connecting the hydraulic pump and the work
machine control valve can be independently arranged. Therefore, it becomes easy to realize the layout
of the pipes through each of which a large amount of high-pressure operating oil flows to the steering
control valve or the work machine control valve.

[0017] In the above invention, it is preferable that the bleed-off pressure compensator operate so as
to: decrease the flow rate of the operating oil, supplied to the actuator control valve, in accordance with
an increase in the pressure of the operating oil supplied to the steering device; and cause the pressure of
the operating oil, ejected from the hydraulic pump, to become pressure higher than the pressure of the
operating oil necessary to drive the steering device.

[0018] According to the present invention, the bleed-off pressure compensator decreases the flow
rate of the operating oil flowing through the actuator control valve to cause the pressure of the operating
oil flowing to the meter-in pressure compensator to become higher than working pressure necessary to
drive the steering device. With this, the operating oil having the pressure higher than the working
pressure necessary to drive the steering device easily flows toward the steering device.  Therefore, when

driving the steering device, the operating oil from the hydraulic pump can be caused to preferentially



flow to the steering device at a stable flow rate. To be specific, without using a priority valve, the
operating oil can be caused to preferentially flow to the steering device at the stable flow rate.

[0019] In the above invention, it is preferable that: the hydraulic control device further include a
restrictor interposed between the actuator control valve and the tank; and the hydraulic pump be a
variable displacement pump configured to adjust an ejection flow rate thereof in accordance with the
pressure of the operating oil flowing between the actuator control valve and the restrictor.

[0020] According to the above configuration, by causing the operating oil to preferentially flow to
the steering device when driving the steering device, the flow rate of the operating oil flowing through
the bleed-off pressure compensator to the restrictor decreases, so that the pressure generated at the
upstream side of the restrictor decreases. In accordance with this pressure decrease, the hydraulic pump
increases an ejection amount thereof.  Thus, the operating oil can be supplied from the hydraulic pump
to the steering device at the flow rate necessary to drive the steering device.

[0021] In the above invention, it is preferable that: the meter-in pressure compensator utilize the
operating oil at the upstream side of the steering control valve and the operating oil at the downstream
side of the steering control valve as two different pilot oil acting against each other; and the hydraulic
control device further include a steering relief valve configured to discharge the pilot oil, which is the
operating oil at the downstream side, to the tank when the pressure of the pilot oil, which is the operating
oil at the downstream side, becomes predetermined pressure.

[0022] According to the above configuration, the pilot pressure can be prevented from becoming
the predetermined pressure or higher.  To be specific, the pressure of the operating oil flowing from the
meter-in pressure compensator to the steering control valve can be prevented from becoming the
predetermined pressure or higher. In addition, the flow rate of the operating fluid can be made lower
than a predetermined value, and a desired amount of operating oil can be caused to flow to the steering
device. With this, the spool diameter of the meter-in pressure compensator can be reduced in
accordance with the flow rate of the operating oil flowing through the meter-in pressure compensator.
Therefore, for example, the spool diameter of the meter-in pressure compensator can be configured to be

the same as the spool diameter of the steering control valve, and even in a case where the meter-in



pressure compensator is integrated with the steering control valve, it is easy to manufacture a unit
configured by integrating the meter-in pressure compensator and the steering control valve.

[0023] A construction machinery of the present invention includes any one of the above hydraulic
control devices. According to the present invention, the construction machinery including the

above-described hydraulic control device can be realized.

Advantageous Effects of Invention

[0024] According to the present invention, the operating oil from the hydraulic pump can be
preferentially supplied to the steering device, and the pipe connecting the hydraulic pump and the
steering control valve and the pipe connecting the hydraulic pipe and the work machine control valve can
be simplified.

[0025] The above object, other objects, features, and advantages of the present invention will be
made clear by the following detailed explanation of preferred embodiments with reference to the

attached drawings.

Brief Description of Drawings
[0026] [Fig. 1] Fig. 1 is a plan view showing a wheel loader including a hydraulic control device of
the present invention.

[Fig. 2] Fig. 2 is a circuit diagram showing a hydraulic circuit of the hydraulic control

device.

[Fig. 3] Fig. 3 is an enlarged circuit diagram showing a steering control circuit of the
hydraulic control device.

[Fig. 4] Fig. 4 is an enlarged circuit diagram showing a work machine control circuit of the
hydraulic control device.

[Figs. 5A and 5B] Figs. 5A and 5B are plan views respectively showing conventional wheel
loaders. Fig. 5A is a diagram showing a wheel loader 1A in which a priority valve is integrated with a

steering control valve, and Fig. 5B is a diagram showing a wheel loader in which the priority valve is



integrated with a work machine control valve.

Description of Embodiments
[0027] ‘Wheel Loader

Fig. 1 is a plan view showing a wheel loader 11 including a hydraulic control device 10 of
the present invention. The concept of directions described below coincides with the concept of
directions when a driver of the wheel loader 11 faces in a running direction. The wheel loader 11 is a
type of so-called construction machinery. For example, a bucket 12 is attached to a front portion of the
wheel loader 11, and the wheel loader 11 can scoop up sand, rocks, and the like by the bucket 12. The
component attached to the wheel loader 11 is not limited to the bucket 12 and may be an attachment,
such as a fork or a snow removal attachment. The wheel loader 11 includes the engine E and four
wheels 13, which are arranged at a vehicle main body thereof. The wheel loader 11 causes the wheels
13 to rotate by the engine E to run.
[0028] The vehicle main body of the wheel loader 11 is divided into a rear chassis 14 arranged at a
rear portion thereof and a front chassis 15 arranged at a front portion thereof. These two chassis 14 and
15 are coupled to each other by a center pin 16 so as to be swingable. Two steering cylinders 18L and
18R (see Fig. 2) described below extend between the two chassis 14 and 15.  The two steering cylinders
18L and 18R that are steering actuators are respectively arranged at left and right sides so as to sandwich
the center pin 16. By supplying the operating oil to the two steering cylinders 18L and 18R, one of the
two steering cylinders 18L and 18R contracts whereas the other extends. With this, the front chassis 15
swings relative to the rear chassis 14. Thus, the running direction of the wheel loader 11 can be
changed.
[0029] The engine E is mounted on a rear portion of the rear chassis 14 configured as above, and a
driver’s seat 20 is provided at a front portion of the rear chassis 14. Two booms 21 configured to cause
the bucket 12 to move up and down are provided at the front chassis 15 so as to be spaced apart from
each other in a left-right direction. The booms 21 are provided at the front chassis 15 so as to be

swingable in the upper-lower direction and are respectively provided with boom cylinders 22. By



supplying the operating oil to the boom cylinders 22, the booms 21 move up and down. A tilt cylinder
23 configured to cause the bucket 12 to tilt in the upper-lower direction is provided at the front chassis 15.
By supplying the operating oil to the tilt cylinder 23, the bucket 12 tilts. -
[0030] As above, by supplying the operating oil to the steering cylinders 18L and 18R, the boom
cylinders 22, and the tilt cylinder 23, the wheel loader 11 can change the running direction and cause the
bucket 12 to move up and down and tilt. The wheel loader 11 includes the hydraulic control device 10
configured to supply the operating oil to the cylinders 18L, 18R, 22, and 23 to drive the cylinders 18L,
18R, 22, and 23.
[0031] Hydraulic Control Device

Fig. 2 is a circuit diagram showing a hydraulic circuit of the hydraulic control device 10.
The hydraulic control device 10 basically includes a hydraulic pump 30, a steering control circuit 31, and
a work machine control circuit 32. The hydraulic pump 30 is a so-called variable displacement
hydraulic pump and is coupled to the engine E. The hydraulic pump 30 is driven by the engine E to
eject high-pressure operating oil. The steering control circuit 31 and the work machine control circuit
32 are connected to the hydraulic pump 30 in parallel, and the operating oil from the hydraulic pump 30
flows to the steering control circuit 31 and the work machine control circuit 32 in parallel.
[0032] Steering Control Circuit

Fig. 3 is an enlarged circuit diagram showing the steering control circuit 31 of the hydraulic
control device 10. The following will be explained in reference to Figs. 2 and 3.  The steering control '
circuit 31 basically includes a meter-in pressure compensator 33 and a steering control valve 34. The
meter-in pressure compensator 33 is a flow rate control valve and includes a primary port 33a connected
to the hydraulic pump 30 and a secondary port 33b connected to the steering control valve 34. The
meter-in pressure compensator 33 further includes two pilot ports 33c and 33d. Outlet pressure of the
secondary port 33b and outlet pressure of a second port 34b of the below-described steering control valve
34 are respectively input to the pilot ports 33c and 33d and are respectively referred to as first pilot
pressure and second pilot pressure. The first pilot pressure and the second pilot pressure act on a spool

33e against each other. The first pilot pressure acts on the spool 33e in a closing direction. The
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meter-in pressure compensator 33 is provided with a spring member 331 configured to bias the spool 33e
against the first pilot pressure. The meter-in pressure compensator 33 configured as above adjusts an
opening degree of the spool 33e in accordance with differential pressure between the first pilot pressure
and the second pilot pressure and causes the operating oil to flow to the steering control valve 34 at a
flow rate corresponding to the differential pressure. When the differential pressure becomes equal to
biasing force of the spring member 33, the meter-in pressure compensator 33 causes the operating oil to
flow to the steering control valve 34 at a predetermined flow rate.

[0033] The steering control valve 34 is connected to the steering cylinders 18L and 18R and can
change the direction of the operating oil flowing to the steering cylinders 18L and 18R. The steering
control valve 34 is a five-port direction changing valve and includes a first port 34a connected to the
secondary port 33b of the meter-in pressure compensator 33. The second port 34b of the steering
control valve 34 is connected to the pilot port 33d of the meter-in pressure compensator 33 through a
pilot restrictor 35, and a third port 34c of the steering control valve 34 is connected to a tank 36. Each
of fourth and fifth ports 34d and 34e of the steering control valve 34 is connected to the steering cylinders
18L and 18R.

[0034] Connection states of these five ports 34a to 34e change by changing the position of a spool
34f. The position of the spool 34f can be changed by operating a steering handle (hereinafter simply
referred to as a “handle”), not shown. The steering control valve 34 is a so-called closed-center
direction changing valve. When the spool 34f is located at a neutral position 34A, the first, fourth, and
fifth ports 34a, 34d, and 34e are closed, and the second and third ports 34b and 34c are connected to each
other. With this, pilot oil having been introduced to the pilot port 33d is discharged to the tank 36, and
the primary and secondary ports 33a and 33b of the meter-in pressure compensator 33 are closed.

[0035] When the position of the spool 34f is changed to a first offset position 34B, the first port 34a
is connected to the fifth port 34e through a check valve 38, and the third port 34¢ is connected to the
fourth port 34d. At this time, the opening degree of the spool 34f can be adjusted by moving the spool
34f. With this, the steering cylinder 18R extends, and the steering cylinder 18L contracts, so that the

front chassis 15 faces in a left direction. ~ At this time, outlet pressure of the fifth port 34¢ is input to the
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second port 34b. Therefore, the meter-in pressure compensator 33 causes the operating oil to flow to
the steering control valve 34 at a flow rate corresponding to the opening degree of the spool 34f of the
steering control valve 34.
[0036] When the position of the spool 34f is changed to a second offset position 34C, the first port
34a is connected to the fourth port 34d through the check valve 38, and the third port 34c is connected to
the fifth port 34e. At this time, the opening degree of the spool 34f can be adjusted by moving the spool
34f. With this, the steering cylinder 18L extends, and the steering cylinder 18R contracts, so that the
front chassis 15 faces in a right direction. At this time, outlet pressure of the fourth port 34d is input to
the second port 34b. Therefore, when the position of the spool 34f is changed to the second offset
position 34C, the meter-in pressure compensator 33 also causes the operating oil to flow to the steering
control valve 34 at a flow rate corresponding to the opening degree of the spool 34f of the steering
control valve 34.
[0037] The steering control circuit 31 further includes three relief valves 39 to 41. The first and
second relief valves 39 and 40 are respectively connected to the fifth and fourth ports 34e and 34d.
When pressure between one of the fourth port 34d and the fifth port 34e and one of the steering cylinder
18R and the steering cylinder 18L becomes equal to or higher than predetermined pressure by, for
example, external force, the operating oil is discharged to the tank 36.
[0038] The sub-relief valve 41 that is a third relief valve is connected to the pilot port 33d of the
meter-in pressure compensator 33. 'When the second pilot pressure becomes equal to or higher than
predetermined set pressure, the pilot oil introduced to the pilot port 33d is discharged to the tank 36.
With this, when the pressure of the operating oil introduced to the steering cylinders 181 and 18R
becomes equal to or higher than predetermined pressure, the flow rate of the operating oil flowing from
the secondary port 33b to the steering cylinders 18L and 18R is limited to prevent the increase in the
pressure of the operating oil.  Thus, the pressure of the operating oil is maintained at the set pressure.
[0039] Work Machine Control Circuit

Fig. 4 is an enlarged circuit diagram showing the work machine control circuit 32 of the

hydraulic control device 10. The following will be explained in reference to Figs. 2 and 4. The work
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machine control circuit 32 basically includes a bleed-off pressure compensator 42, a tilt control valve 43,
a boom control valve 44, and a work machine restrictor 45. The bleed-off pressure compensator 42 is a
pressure control valve and includes a primary port 42a connected to the hydraulic pump 30 and a
secondary port 42b connected to the tilt control valve 43. The bleed-off pressure compensator 42
further includes two pilot ports 42c and 42d.

[0040] The pilot port 42¢ is connected to the primary port 42a, and inlet pressure of the primary
port 42a is input to the pilot port 42c. An electromagnetic switching valve 60 that is a switching unit is
connected to the pilbt port 42d. The electromagnetic switching valve 60 is also connected to the
primary port 42a and the pilot port 33d of the meter-in pressure compensator 33. In accordance with a
command, the electromagnetic switching valve 60 selects one of the inlet pressure of the primary port
42a and the second pilot pressure of the meter-in pressure compensator 33 as the pilot pressure input to
the second pilot port 42d.  First pilot pressure input to the pilot port 42c and Asecond pilot pressure input
to the pilot port 42d act on a spool 42¢ against each other, and the first pilot pressure acts on the spool 42¢
in an opening direction (to be specific, in such a direction that the opening degree of the spool 42e
increases). The bleed-off pressure compensator 42 is provided with a spring member 42f configured to
bias the spool 42 against the first pilot pressure.

[0041] The bleed-off pressure compensator 42 configured as above adjusts the opening degree of
the spool 42e such that differential pressure between the first pilot pressure and the second pilot pressure
becomes pressure corresponding to the biasing force of the spring member 42f. Specifically, the
bleed-off pressure compensator 42 causes each of the pressure of the operating oil flowing through the
meter-in pressure compensator 33 and the pressure of the operating oil flowing through the bleed-off
pressure compensator 42 to become pressure higher than working pressure necessary to drive the steering
cylinders 18R and 18L. The flow rate of the operating oil flowing through the bleed-off pressure
compensator 42 is limited by adjusting the opening degree of the spool 42e.

[0042] The tilt control valve 43 that is one of actuator control valves is connected to the tilt cylinder
23 and can change the direction of the operating oil flowing from the bleed-off pressure compensator 42

to the tilt cylinder 23.  The tilt control valve 43 is a six-port direction changing valve and includes a first
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port 43a connected to the secondary port 42b of the bleed-off pressure compensator 42. A second port
43b of the tilt control valve 43 is connected to the secondary port 42b of the bleed-off pressure
compensator 42 through a check valve 47, and a third port 43¢ of the tilt control valve 43 is connected to
the tank 36. A fourth port 43d of the tilt control valve 43 is connected to the boom control valve 44, and
fifth and sixth ports 43e and 43f of the tilt control valve 43 are connected to the tilt cylinder 23.

[0043] Connection states of these six ports 43a to 43f change by changing the position of a spool
43g. The position of the spool 43g can be changed by operating a tilt lever (not shown) provided in the
driver’s seat 20. The tilt control valve 43 is a so-called open-center direction changing valve. When
the spool 43g is located at the neutral position 43A, the first port 43a and the fourth port 43d are
connected to each other, and the other four ports 43b, 43¢, 43e, and 43f are closed.

[0044] When the position of the spool 43g is changed to a first offset position 43B, the first and
fourth ports 43a and 43d are closed. In contrast, the second port 43b is connected to the sixth port 43f,
and the third port 43c is connected to the fifth port 43e. With this, the tilt cylinder 23 extends, so that
the bucket 12 tilts upward. When the position of the spool 43g is changed to a second offset position
43C, the first and fourth ports 43a and 43d remain closed, but the second port 43b is connected to the
fifth port 43e, and the third port 43¢ is connected to the sixth port 43f. With this, the tilt cylinder 23
contracts, so that the bucket 12 tilts downward.

[0045] The tilt control valve 43 configured as above can cause the bucket 12 to tilt in the
upper-lower direction by operating the tilt lever. In a state where the tilt lever is not being operated, the
spool 43g is located at the neutral position 43A, so that the operating oil flowing through the tilt control
valve 43 flows through the first and fourth ports 43a and 43d to be introduced to the boom control valve
44,

[0046] The boom control valve 44 that is one of the actuator control valves is connected to the
boom cylinders 22 and can change the direction of the operating oil flowing from the bleed-off pressure
compensator 42 to the boom cylinders 22.  The boom control valve 44 is a six-port direction changing
valve and includes a first port 44a connected to the fourth port 43d of the tilt control valve 43. A second

port 44b of the boom control valve 44 is connected to the secondary port 42b of the bleed-off pressure
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compensator 42 through a check valve 49, and a third port 44¢ of the boom control valve 44 is connected
to the tank 36. A fourth port 44d of the boom control valve 44 is connected to the restrictor 45, and
each of fifth and sixth ports 44e and 44f of the boom control valve 44 is connected to the two boom
cylinders 22.

[0047] Connection states of these six ports 44a to 44f change by changing the position of a spool
44g. The position of the spool 44g can be changed by operating a lift lever (not shown) provided in the
driver’s seat 20. The boom control valve 44 is a so-called open-center direction changing valve.
When the spool 44g is located at a neutral position 44A, the first port 44a and the fourth port 44d are
connected to each other, and the other four ports 44b, 44c, 44¢, and 44f are closed.

[0048] When the position of the spool 44g is changed to a first offset position 44B, the first and
fourth ports 44a and 44d are closed. In contrast, the second port 44b is connected to the sixth port 44f,
and the third port 44c is connected to the fifth port 44e. With this, the two boom cylinders 22 contract,
so that the bucket 12 can be moved downward. When the position of the spool 44g is changed to a
second offset position 44C, the first and fourth ports 44a and 44d remain closed, but the second port 44b
is connected to the fifth port 44e, and the third port 44c¢ is connected to the sixth port 44f. With this, the
boom cylinder 22 extends, so that the bucket 12 can be moved upward.

[0049] Further, the boom control valve 44 is configured such that the position thereof can be
changed to a third offset position 44D. When the position of the spool 44g is changed to the third offset
position 44D, the first and fourth ports 44a and 44d remain closed, and the second, third, fifth, and sixth
ports 44b, 44c, 44e, and 44f are connected to the tank 36. With this, holding power of the boom
cylinders 22 disappears, so that the booms-21 can be moved at will.

[0050] The boom control valve 44 configured as above can cause the booms 21 to move up and
down in the upper-lower direction by operating the lift lever. In a state where the lift lever is not being
operated, the spool 44g is located at the neutral position 44A, so that the operating oil flowing from the
tilt control valve 43 flows through the boom control valve 44 to be introduced through the work machine
restrictor 45 to the tank 36. By causing the operating oil to flow through the work machine restrictor 45,

pressure is generated at an upstream side of the work machine restrictor 45.  This pressure is introduced
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as a tilt command signal to the hydraulic pump 30, and the hydraulic pump 30 changes its ejection
amount of operating oil in accordance with the pressure of the tilt command signal. The hydraulic
pump 30 reduces the ejection amount as the pressure of the tilt command signal increases. With this,
the work machine control circuit 32 realizes negative control.
[0051] The work machine control circuit 32 is provided with four relief valves 50 to 53.  The first
and second relief valves 50 and 51 are respectively connected to sixth and fifth ports 43f and 43e of the
tilt control valve 43.  When pressure between one of the fifth port 43d and the sixth port 43f and one of
the bucket cylinders 22 becomes equal to or higher than predetermined pressure by, for example, external
force, the operating oil flowing therethrough is discharged to the tank 36.
[0052] The third relief valve 52 is connected to the work machine restrictor 45 in parallel. When
the pressure of the operating oil flowing through the work machine restrictor 45 becomes equal to or
higher than predetermined pressure, the operating oil is discharged to the tank 36. With this, the
pressure of the tilt command signal can be prevented from becoming predetermined pressure or higher.
[0053] The main relief valve 53 that is a fourth relief valve is provided in parallel with the bleed-off
pressure compensator 42. When ejection pressure of the hydraulic pump 30 becomes equal to or higher
than predetermined specified pressure, the operating oil from the hydraulic pump 30 is discharged to the
tank 36. By this main relief valve 53, not only the pressure of the operating oil flowing from the
hydraulic pump 30 to the work machine control circuit 32 but also the pressure of the operating oil
flowing through the steering control circuit 31 can be maintained at lower than the specified pressure.
[0054] Operations of Hydraulic Control Device

Hereinafter, the operations of the hydraulic control device 10 will be explained in reference
to Fig. 2. According to the hydraulic control device 10, when the engine E is driven, the hydraulic
pump 30 ejects the operating oil. The operating oil is caused to flow to the steering control circuit 31
and the work machine control circuit 32. In a state where the handle is not being operated, the steering
control valve 34 is located at the neutral position 34A. Therefore, the flow of the operating oil from the
steering control valve 34 to the steering cylinders 18L and 18R is blocked, and the pilot port 33d of the

meter-in pressure compensator 33 is connected to the tank 36, so that communication between the
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primary port 33a and the secondary port 33b is blocked. On this account, the flow of the operating oil
from the meter-in pressure compensator 33 to the steering control valve 34 is stopped.

[0055] Here, in a case where the pilot port 42d of the bleed-off pressure compensator 42 and the
pilot port 33d of the meter-in pressure compensator 33 are connected to each other by the
electromagnetic switching valve 60, the pilot port 42d of the bleed-off pressure compensator 42 is also
connected to the tank 36. Therefore, the spool 42¢ of the bleed-off pressure compensator 42 moves in
the opening direction, so that the operating oil flows through the bleed-off pressure compensator 42. In
this situation, the tilt control valve 43 and the boom control valve 44 are respectively located at the
neutral positions 43A and 44A, and the operating oil having flowed through the bleed-off pressure
compensator 42 flows through the tilt control valve 43 and the boom control valve 44 to flow through the
work machine restrictor 45 to the tank 36.

[0056] In the above case, the operating oil does not flow through the steering cylinder 18L, the
steering cylinder 18R, the boom cylinder 22, or the tilt cylinder 23. Therefore, the entire operating oil
from the hydraulic pump 30 flows to the work machine restrictor 45, so that the pressure generated at the
upstream side of the work machine restrictor 45 increases. The hydraulic pump 30 receives this
pressure as the tilt command signal and decreases the ejection amount until the pressure of the tilt
command signal decreases to predetermined pressure. With this, the ejection amount is decreased to a
predetermined minimum flow rate.

[0057] Next, when the position of the steering control valve 34 is changed to the first offset position
34B by operating the handle, the operating oil is introduced from the steering control valve 34 to the
steering cylinders 18L and 18R. With this, the second pilot pressure increases, and the spool 33e of the
meter-in pressure compensator 33 moves in the opening direction (to be specific, in such a direction that
the opening degree of the spool 42e decreases), so that the amount of operating oil flowing from the
meter-in pressure compensator 33 through the steering control valve 34 to the steering cylinders 18L and
18R increases. With this, the steering cylinder 18R extends, and the steering cylinder 18L contracts, so
that the front chassis 15 faces in the left direction.

[0058] After that, the meter-in pressure compensator 33 causes the operating oil to flow to the
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steering control valve 34 at a flow rate corresponding to a pressure difference between pressure in front
of a variable restrictor 37 of the steering control valve 34 and pressure behind the variable restrictor 37,
that is, at a flow rate corresponding to the opening degree of the spool 34f of the steering control valve 34.
To be specific, the meter-in pressure compensator 33 performs pressure compensation with respect to the
flow rate of the operating oil flowing through the steering. cylinders 18L and 18R. Therefore, even in a
case where the pressure of the operating oil flowing through the meter-in pressure compensator 33
changes, an operational feeling of the handle does not change.

[0059] Similarly, in a case where the position of the steering control valve 34 is changed to the
second offset position 34C by operating the handle, the amount of operating oil flowing from the
meter-in pressure compensator 33 through the steering control valve 34 to the steering cylinders 18L and
18R increases. With this, the steering cylinder 18R contracts, and the steering cylinder 18L extends, so
that the front chassis 15 faces in the right direction. The meter-in pressure compensator 33 performs the
pressure compensation with respect to the flow rate of the operating oil flowing through the steering
cylinders 18L and 18R. Therefore, even in a case where the pressure of the operating oil flowing
through the meter-in pressure compensator 33 changes, the operational feeling of the handle does not
change.

[0060] Since the operating oil flows through the steering cylinders 18L and 18R as above, the
second pilot pressure of the bleed-off pressure compensator 42 increases. In accordance with this
increase, the spool 42¢ of the bleed-off pressure compensator 42 moves in the closing direction, so that
the opening degree of the spool 42e decreases. The pressure of the operating oil flowing through the
bleed-off pressure compensator 42 is made higher than the pressure of the operating oil flowing through
the steering cylinders 18L and 18R by pressure corresponding to the biasing force of the spring member
42f, and the pressure of the operating oil flowing through the meter-in pressure compensator 33 is made
higher than the working pressure necessary to drive the steering cylinders 18L and 18R. With this, the
flow rate of the operating oil flowing through the bleed-off pressure compensator 42 decreases.

{0061} By increasing the pressure of the operating oil to decrease the flow rate as above, the

operating oil easily flows from the hydraulic pump 30 to the steering cylinders 18L and 18R at a stable
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flow rate. To be specific, when driving the steering cylinders 18L and 18R, the operating oil from the
hydraulic pump 30 can be caused to preferentially flow to the steering cylinders 18L and 18R at the
stable flow rate. To be specific, without using a conventional priority valve, the operating oil can be
caused to preferentially flow to the steering cylinders 18L and 18R at the stable flow rate.

[0062] When the flow rate of the operating oil flowing through the bleed-off pressure compensator
42 decreases, the flow rate of the operating oil flowing through the upstream side of the work machine
restrictor 45 decreases, so that the pressure generated at the upstream side of the work machine restrictor
45 decreases. To be specific, the pressure of the tilt command signal decreases, so that the ejection
amount of the hydraulic pump 30 increases. With this, the operating oil is ejected from the pump at a
flow rate slightly higher than the flow rate required by the steering control valve 34. Thus, the operating
oil is stably supplied to the steering cylinders 18L and 18R.

[0063] Further, when the pressure of the operating oil flowing through the steering cylinders 18L
and 18R increases, and the second pilot pressure of the meter-in pressure compensator 33 becomes equal
to or higher than the set pressure, the sub-relief valve 41 opens. With this, the pilot oil is discharged to
the tank 36, so that the second pilot pressure is maintained at lower than the set pressure.  The first pilot
pressure continues to increase as the pressure of the operating oil flowing through the steering cylinders
18L and 18R increases. With this, the spool 33e of the meter-in pressure compensator 33 moves in the
closing direction. Thus, the flow rate of the oil flowing through the steering cylinders 18L and 18R is
limited, so that the pressure of the operating oil is prevented from increasing. To be specific, the highest
pressure of the operating oil flowing through the steering cylinders 18L and 18R is predetermined
pressure corresponding to the set pressure.

[0064] Further, the second pilot pressure of the bleed-off pressure compensator 42 is also
maintained at the set pressure by the sub-relief valve 41. Therefore, the spool 42¢ of the bleed-off
pressure compensator 42 moves in the opening direction, so that the opening degree of the spool 42e
increases. ‘Thus, the flow rate of the operating oil flowing through the bleed-off pressure compensator
42 increases. With this, the flow rate of the operating oil flowing through the bleed-off pressure

compensator 42 increases, and the flow rate of the operating oil flowing from the hydraulic pump 30
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toward the meter-in pressure compensator 33 can be limited to lower than a predetermined flow rate.
[0065] By limiting the flow rate of the operating oil flowing through the meter-in pressure
compensator 33 to lower than the predetermined flow rate as above, it becomes unnecessary to increase
the diameter of the spool 33e of the meter-in pressure compensator 33 in accordance with the ejection
amount of oil the hydraulic pump can eject. To be specific, the diameter of the spool 33e of the
meter-in pressure compensator 33 can be made small in accordance with the flow rate of the operating oil
flowing therethrough, so that the spool diameter of the meter-in pressure compensator 33 can be
configured to be the same as the spool diameter of the steering control valve 34. With this, it becomes
easy to manufacture a unit configured by integrating the meter-in pressure compensator 33 and the
steering control valve.

[0066] Since the flow rate of the operating oil flowing through the bleed-off pressure compensator
42 is the same as each of the flow rate of the operating oil flowing through the tilt control valve 43 and
the flow rate of the operating oil flowing through the boom control valve 44, the spool diameter of the
bleed-off pressure compensator 42 is configured to be the same as each of the spool diameter of the tilt
control valve 43 and the spool diameter of the boom control valve 44 in many céses. Therefore, it is
easy to manufacture a unit configured by integrating the bleed-off pressure compensator 42, the tilt
control valve 43, and the boom control valve 44.

[0067] When the opening degree of the spool 42e of the bleed-off pressure compensator 42 is
increased to limit the flow rate of the operating oil flowing from the hydraulic pump 30 to the meter-in
pressure compensator 33 to lower than the predetermined flow rate, the pressure at the upstream side of
the work machine restrictor 45 increases. With this, the ejection amount of the hydraulic pump 30
decreases, and the operating oil is supplied at a stable flow rate.

[0068] When the position of the spool 43g of the tilt control valve 43 is changed to the first offset
position 43B by operating the tilt lever, the flow of the operating oil to the work machine restrictor 45
stops, so that the pressure at the upstream side of the work machine restrictor 45 decreases. With this,
the ejection amount of the hydraulic pump 30 increases. ~Since the flow rate of the operating oil flowing

through the steering cylinders 18L and 18R is maintained at a predetermined flow rate, the flow rate of
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the operating oil flowing through the bleed-off pressure compensator 42 increases as the ejection amount
of the hydraulic pump 30 increases. Since the operating oil flowing through the bleed-off pressure
compensator 42 flows to the tilt cylinder 23, the tilt cylinder 23 extends, so that the bucket 12 tilts
upward.

[0069] In a case where the position of the spool 43g of the tilt control valve 43 is changed to the
second offset position 43C by operating the tilt lever, the same operations as a case where the position of
the spool 43g is changed to the first offset position 43B are performed except that the tilt cylinder 23
contracts. In a case where the position of the spool 44g of the boom control valve 44 is changed by
operating the lift lever, the same operations as a case where the tilt lever is operated are performed except
that the actuator that extends and contracts is the boom cylinder 22.

.[0070] In a case where the handle is not being operated, the operating oil flowing from the
hydraulic pump 30 to the steering cylinders 18L and 18R is blocked by the meter-in pressure
compensator 33 as described above. At this time, by operating the tilt lever or the lift lever, the entire
operating oil from the hydraulic pump 30 flows through the bleed-off pressure compensator 42 to flow
through the tilt cylinder 23, the boom cylinder 22, or both the two cylinders 22 and 23. With this, the
operating oil can be caused to flow through the tilt cylinder 23 or the boom cylinder 22 at a flow rate
higher than the flow rate in a case where the tilt lever or the lift lever is operated simultaneously with the
handle. Thus, the tilt cylinder 23 or the boom cylinder 22 can be caused to move at high speed.

[0071] When the tilt cylinder 23 or the boom cylinder 22 is driving as above, and the pressure of
the operating oil flowing through the bleed-off pressure compensator 42 becomes equal to or higher than
the specified pressure, the main relief valve 53 discharges to the tank 36 the operating oil flowing through
the bleed-off pressure compensator 42. With this, the highest pressure of the operating oil flowing
through the tilt cylinder 23 or the boom cylinder 22 can be set to the specified pressure. Therefore, the
highest pressure of the operating oil flowing through the work machine control circuit 32 and the highest
pressure of the operating oil flowing through the steering control circuit 31 can be set separately.

[0072] The following will explain a case where in the hydraulic control device 10 configured to

operate as above, the pilot pressure input to the pilot port 42d of the bleed-off pressure compensator 42 is
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changed to the inlet pressure of the primary port 42a by the electromagnetic switching valve 60, that is,
the pump pressure by the electromagnetic switching valve 60. When the pilot pressure is changed, the
loads that are equal to each other respectively act on both end portions of the spool 42¢ of the bleed-off
pressure compensator 42. Thus, regardless of the operations of the handle, the tilt lever, and the lift
lever, the spool 42e of the bleed-off pressure compensator 42 is maintained at the closed position. With
this, the operating oil ejected from the pump 30 flows through the main relief valve 53 to return to the
tank 36. With this, the ejection pressure of the pump 30 increases to the specified pressure of the main
relief valve 53. Thus, the load of the engine E can be increased. According to the hydraulic control
device 10, even in a case where the load of the engine E is forcibly increased, the operating oil can be
caused to flow to the steering cylinders 18R and 18L by the meter-in pressure compensator 33 at a stable
flow rate by operating thé handle. Therefore, even in a case where the load of the engine E is forcibly
increased, the steering cylinders 18R and 18L can be driven arbitrarily.

[0073] To be specific, the load of the engine E can be forcibly increased by inputting the pump
pressure to the pilot port 42d of the bleed-off pressure compensator 42 by the electromagnetic switching
valve 60. The meter-in pressure compensator 33 and the bleed-off pressure compensator 42 are
configured separately, so that even in a case where the load of the engine E is forcibly increased, the
steering cylinders 18L and 18R can be operated.

[0074] The present embodiment has explained a case where the hydraulic control device 10, 100 is
mounted on the wheel loader 11. However, the hydraulic control device 10, 100 may be mounted on
any construction machinery, such as a bulldozer. The hydraulic control device 10, 100 drives two
actuators that are the boom cylinder 22 and the tilt cylinder 23. However, the hydraulic control device
10, 100 may drive any one of the above two actuators, or may include three or more actuators and drive
the three or more actuators.  The type of the steering device and the actuator is not limited to a cylinder
and may be a hydraulic motor.

[0075] From the foregoing explanation, many modifications and other embodiments of the present
invention are obvious to one skilled in the art. Therefore, the foregoing explanation should be

interpreted only as an example and is provided for the purpose of teaching the best mode for carrying out
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the present invention to one skilled in the art. The structures and/or functional details may be

substantially modified within the spirit of the present invention.

Reference Signs List
[0076] 10 hydraulic control device
11 wheel loader
18L, 18R steering cylinder
22 boom cylinder
23 tilt cylinder
30  hydraulic pump
33  meter-in pressure compensator
34  steering control valve
36  steering tank
41  sub-relief valve
42  bleed-off pressure compensator
43 tilt control valve
44  boom control valve
45  work machine restrictor
48  work machine tank

53  main relief valve
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