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Description

BACKGROUND OF THE INVENTION

a) Field of the Invention

[0001] This invention relates to a hydraulic control
system for a construction machine such as a hydraulic
excavator, and especially to a hydraulic control system
for controlling a delivery rate of a variable displacement
hydraulic pump by a positive control method.

b) Description of the Related Art

[0002] As a conventional hydraulic control system for
an actuator arranged in a construction machine, a pos-
itive control system that controls a delivery rate of a
pump by a pilot pressure outputted from a pilot control
valve is known to the public, e.g. EP-A-144 788.
[0003] In the present application FIG. 7 (Prior art)
shows a hydraulic circuit diagram illustrating a conven-
tional hydraulic control system of such a positive control
type for a construction machine, FIG. 8 (Prior art) is a
diagram showing output characteristics of a pilot control
valve disposed in the hydraulic control system depicted
in FIG. 7, and FIG. 9 (Prior art) is a diagram showing
delivery rate characteristics of a variable displacement
hydraulic pump arranged in the hydraulic control system
depicted in FIG. 7.
[0004] The conventional hydraulic control system
shown in FIG. 7 is provided with a variable displacement
hydraulic pump 1 making up a main pump, an actuator
driven by pressure fluid delivered from the variable dis-
placement hydraulic pump 1, for example, a hydraulic
cylinder 4, and a directional control valve 3 for control-
ling a flow of the pressure fluid to be fed from the variable
displacement hydraulic pump 1 to the hydraulic cylinder
4. When the directional control valve 3 is switched to a
position 3a, the hydraulic cylinder 4 is brought, at a bot-
tom side thereof, into communication with the variable
displacement hydraulic pump 1 and is also brought, at
a rod side thereof into communication with a tank 9.
When the directional control valve 3 is switched to a po-
sition 3b, on the other hand, the hydraulic cylinder 4 is
brought, at the rod side thereof, into communication with
the variable displacement hydraulic pump 1 and is also
brought, at the bottom side thereof, into communication
with the tank 9. The delivery rate of the variable dis-
placement hydraulic pump 1 is controlled by a flow con-
trol unit 2. The hydraulic cylinder 4 drives a working
equipment of a work vehicle which is not illustrated. If
the work vehicle is a hydraulic excavator, for example,
the hydraulic cylinder 4 can be an arm cylinder, a boom
cylinder or the like.
[0005] The conventional hydraulic control system
shown in FIG. 7 is also equipped with a pilot control
valve 5 for outputting a pilot pressure Pa adapted to
switch the directional control valve 3, a pilot pump 7 for

feeding pressure fluid to the pilot control valve 5, and a
pilot relief valve 8 for specifying the delivery pressure of
the pilot pump 7. The pilot control valve 5 is composed
of pressure-reducing valve portions 10,11 and a control
lever 5a for operating these pressure-reducing valve
portions 10,11. The pressure-reducing valve portion 10
is connected to one of drive control units of the direc-
tional control valve 3 via a pilot line 13, whereas the
pressure-reducing valve portion 11 is connected to the
other drive control unit of the directional control valve 3
via a pilot line 14. The conventional hydraulic control
system is also equipped with a selector valve 6, which
selects one of a greater value out of a pilot pressure Pa
in the pilot line 13 and another pilot pressure Pa in the
pilot line 14 and outputs the pilot pressure of the greater
value as a pump control signal Pc to the flow control unit
2 via a signal line 12.
[0006] Output characteristics of the pilot control valve
5, that is, a relationship between a stroke S of the control
lever 5a and pilot pressures Pa outputted from the pres-
sure-reducing valve portions 10,11 is set in such a way
that, as is illustrated in FIG. 8, each pilot pressure Pa is
outputted at a level substantially proportional with the
stroke S. Further, delivery rate characteristics of the var-
iable displacement hydraulic pump 1, that is, a relation-
ship between the pump control signal Pc applied to the
flow control unit 2 and a pump flow rate Q delivered from
the variable displacement hydraulic pump 1 is set in
such a way that, as is shown in FIG. 9, the pressure fluid
is delivered at a pump flow rate Q which is substantially
in proportion with the pump control signal Pc (which is
equal to the above-selected pilot pressure Pa).
[0007] According to the conventional hydraulic control
system constructed as described above, turning of the
control lever 5a of the pilot control valve 5 over a stroke
S in the direction of arrow 5b, for example, to make the
hydraulic cylinder 4 perform an extending operation ac-
tuates the pressure-reducing valve 10, and a pilot pres-
sure Pa is outputted from the pressure-reducing valve
portion 10. This pilot pressure Pa is outputted to the one
drive control unit of the directional control valve 3 via the
pilot line 13 so that the directional control valve 3 is
switched to the position 3a. At this time, the pilot pres-
sure Pa in the pilot line 13 is selected by the selector
valve 6, and this pilot pressure Pa is outputted as a
pump control signal Pc to the signal line 12. The flow
control unit 2 is driven by the pump control signal Pc,
and the pump flow rate Q of the pressure fluid delivered
from the variable displacement hydraulic pump 1 is con-
trolled at a level corresponding to the stroke S of the
control lever 5a of the pilot control valve 5. The pressure
fluid delivered at the pump flow rate Q from the variable
displacement hydraulic pump 1 is fed to the bottom side
of the hydraulic cylinder 4 via the directional control
valve 3, and the fluid on the rod side is returned to the
tank 9 via the directional control valve 3. As a conse-
quence, the hydraulic cylinder 4 performs an extending
operation so that the associated working equipment of
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the unillustrated work vehicle is driven.
[0008] As conventional art of this kind, reference may
be had to Japanese Patent No. 2,534,897.
[0009] In the above-described conventional hydraulic
control system shown in FIG. 7, the pilot pressure Pa of
the greater value fed to the selector valve 6 is guided,
as is, as the pump control signal Pc to the signal line 12
to drive the flow control unit 2. Due to a design limitation
to the layout that the position of a pilot circuit - which
includes the pilot control valve 5, the directional control
valve 3, the pilot lines 13,14 and the selector valve 6 -
and the position of the flow control unit 2 - which is ar-
ranged in the vicinity of the variable displacement hy-
draulic pump 1 - have to be separated sufficiently from
each other, the above-mentioned signal line 12 is gen-
erally made of a rubber hose, the length of which is as
long as several meters. Accordingly, the total volume of
the volume of the signal line 12 and the volumes of the
pilot lines 13,14 connected to the respective drive con-
trol units of the directional control valve 3 is relatively
large.
[0010] In the conventional hydraulic control system
shown in FIG. 7, it therefore takes some time after op-
eration of the control lever 5a and hence actuation of
the pilot control valve 5 until the cumulative quantity of
the pilot pressure fluid outputted from the pressure-re-
ducing valve portion 10 or the pressure-reducing valve
portion 11 becomes equal to the above-mentioned total
volume, although this time is not substantial. As a result,
the switching of the directional control valve 3 tends to
be delayed. Further, an increase in the flow rate of pres-
sure fluid to the line 13 or 14 and thus to the line 12
results in the occurrence of a greater pressure loss at
the selector valve 6, so that the actuation of the flow
control unit 2 also tends to become late. In other words,
the switching responsibility of the directional control
valve 3 to the operation of the pilot control valve 5 tends
to be reduced and, moreover, the follow-up controllabil-
ity of an increase or decrease in the pump flow rate Q
of the variable displacement hydraulic pump 1 for the
operation of the pilot control valve 5 also tends to be
deteriorated. For these, the conventional hydraulic con-
trol system is accompanied by problems that the accu-
racy of driving control of the hydraulic cylinder 4 control-
led by the directional control valve 3, that is, of the ac-
tuator tends to be lowered and no improvement can thus
be expected in the efficiency of work to be performed by
the construction machine.

SUMMARY OF THE INVENTION

[0011] With the foregoing situation of the conventional
art in view, the present invention has as an object thereof
the provision of a hydraulic control system for a con-
struction machine, which can improve the switching re-
sponsibility of a directional control valve to an operation
of a pilot control valve and can also improve the follow-
up controllability of an increase or decrease in the pump

flow rate of a variable displacement hydraulic pump for
the operation of the pilot control valve.
[0012] To achieve the above-described object, the
present invention provides, in one aspect thereof, a hy-
draulic control system for a construction machine pro-
vided with a variable displacement hydraulic pump, an
actuator driven by pressure fluid delivered from the var-
iable displacement hydraulic pump, a directional control
valve for controlling a flow of the pressure fluid delivered
from the variable displacement hydraulic pump and to
be fed to the actuator, a pilot control valve capable of
outputting plural pilot pressures for switching the direc-
tional control valve, a pilot pump for feeding pressure
fluid to the pilot control valve, a selector valve for select-
ing one of a maximum value out of the plural pilot pres-
sures outputted from the pilot control valve, and a flow
control unit for controlling a delivery rate of the variable
displacement hydraulic pump on a basis of the pilot
pressure selected by the selector valve, characterized
in that the hydraulic control system comprises: a first
signal line for guiding the pilot pressure selected by the
selector valve; a pressure control valve for converting a
delivery pressure of the pilot pump to a pump control
signal, which serves to control driving of the flow control
unit, in accordance with the pilot pressure guided
through the first signal line; a branch line for connecting
the pilot pump and the pressure control valve with each
other; and a second signal line for guiding the pump con-
trol signal, which has been converted by the pressure
control valve, to the flow control unit.
[0013] According to the present invention constructed
as described above, the pressure control valve can be
arranged almost independently from the position of the
flow control unit, that is, can be disposed at a position
adjacent to the selector valve. As a consequence, the
first signal line - which serves to guide a pilot pressure,
which has been fed to the selector valve, as a pressure
signal for driving the pressure control valve - can be sig-
nificantly shortened. For example, it can be arranged as
a signal line of several tens of centimeters or so in
length.
[0014] It is therefore possible to set at a relatively
small value the total volume of the volume of the first
signal line and the volumes of the pilot volumes connect-
ed to the respective drive control units of the directional
control valve. As a result, when the pilot control valve is
operated, the resulting pilot pressure is instantaneously
applied to the corresponding drive control unit of the di-
rectional control valve, thereby switching the directional
control valve. Namely, the directional control valve is
switched by a stroke corresponding to the stroke of the
pilot control valve, so that the directional control valve
exhibits good switch responsibility to the operation of
the pilot control valve.
[0015] When the pilot control valve is operated, the
resulting pilot pressure is guided via the first signal line
to operate the pressure control valve. Pressure fluid,
which has been outputted from the pilot pump and has
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been guided via the branch line, is converted to a pump
control signal at the pressure control valve. This pump
control signal is outputted to the flow control unit through
the second signal line. As a result, the flow control unit
is driven so that the pump flow rate of the variable dis-
placement hydraulic pump is controlled corresponding
to the stroke of the pilot control valve. Pressure fluid de-
livered from the variable displacement hydraulic pump
is fed to the actuator by way of the directional control
valve, whereby the actuator is driven corresponding to
the stroke of the pilot control valve. Accordingly, a suf-
ficient flow rate can be assured for the pump control sig-
nal - which is obtained by converting the flow rate and
pressure of the pressure fluid outputted from the pilot
pump - irrespective of the volume of the pilot lines which
communicate the pilot control valve with the respective
drive control units of the directional control valve. As a
consequence, when the pressure control valve is driven,
the flow control unit is instantaneously driven. For the
operation of the pilot control valve, good follow-up con-
trollability of an increase or decrease in the pump flow
rate of the variable displacement hydraulic pump can
therefore be obtained.
[0016] Preferably, the pressure control valve may be
a pressure-reducing valve. When the pilot operation is
operated, the pressure-reducing valve is operated by
the resulting pilot pressure so that the pressure fluid,
which has been outputted from the pilot pump and guid-
ed via the branch line, is reduced in pressure and con-
verted to a pump control signal at the pressure-reducing
valve. This pump control signal is then outputted to the
flow control unit via the second signal line.
[0017] Here, the pressure-reducing valve can be a
pressure-reducing valve for setting the pump control
signal at a tank pressure when the pressure-reducing
valve is at a center position. In this case, the flow control
unit is in communication with the tank via the second
signal line, when the pilot control valve is not operated
and the pressure-reducing valve remains at the center
position. As a result, the flow control unit sets the vari-
able displacement hydraulic pump at a predetermined
minimum pump flow rate.
[0018] As an alternative, the pressure-reducing valve
may be a pressure-reducing valve for setting the pump
control signal at a predetermined pressure higher than
a tank pressure when the pressure-reducing valve is at
a center position. In this case, the predetermined pres-
sure higher than the tank pressure is applied to the flow
control unit via the second signal line when the pilot con-
trol valve is not operated and the pressure-reducing
valve remains at the center position. As a consequence,
the flow control unit sets the variable displacement hy-
draulic pump at a pump flow rate greater than a prede-
termined minimum flow rate even when the pilot control
valve is not operated.
[0019] In the above-described hydraulic control sys-
tem according to the present invention, the pressure
control valve may be a relief valve, a restrictor may be

arranged in the branch line, and the pump control signal
may be outputted from the branch line at a position be-
tween the restrictor and the relief valve. In this case,
when the pilot control valve is operated, the relief valve
is operated by the resulting pilot pressure so that the
flow rate and pressure of pressure fluid, which has been
outputted from the pilot pump and guided via the branch
line, vary in the branch line at the position between the
relief valve and the restrictor, which is located upstream
of the relief valve, according to a pilot pressure outputted
from the pilot control valve. Namely, the pressure fluid
outputted from the pilot pump is converted to a pump
control signal corresponding to the pilot pressure of the
pilot control valve, and this pump control signal is out-
putted to the flow control unit via the second signal line.
[0020] Here, the relief valve may be a relief valve for
setting the pump control signal at a tank pressure when
the relief valve is at a center position. In this case, when
the pilot control valve is not operated and the relief valve
remains at the center position, the flow control unit is in
communication with the tank via the second signal line
so that the flow control unit sets the variable displace-
ment hydraulic pump at a predetermined minimum
pump flow rate.
[0021] As an alternative, the relief valve may be a re-
lief valve for setting the pump control signal at a prede-
termined pressure higher than a tank pressure when the
relief valve is at a center position. In this case, the pre-
determined pressure higher than the tank pressure is
applied to the flow control unit via the second signal line
when the pilot control valve is not operated and the relief
valve remains at the center position. As a consequence,
the flow control unit sets the variable displacement hy-
draulic pump at a pump flow rate greater than a prede-
termined minimum flow rate even when the pilot control
valve is not operated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other objects, features and ad-
vantages of the present invention will become apparent
from the following description and the appended claims,
taken, in conjunction with the accomanying drawings in
which:

FIG. 1 is a hydraulic circuit diagram showing a first
embodiment of a hydraulic control system accord-
ing to the present invention for a construction ma-
chine;
FIG. 2 is a diagram illustrating drive characteristics
of a pressure-reducing valve arranged in the first
embodiment shown in FIG. 1;
FIG. 3 is a hydraulic circuit diagram illustrating a
second embodiment of the present invention;
FIG. 4 is a diagram depicting drive characteristics
of a pressure-reducing valve arranged in the sec-
ond embodiment shown in FIG. 3;
FIG. 5 is a hydraulic circuit diagram showing a third
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embodiment of the present invention;
FIG. 6 is a diagram showing drive characteristics
associated with a relief valve disposed in the third
embodiment illustrated in FIG. 5;
FIG. 7 is a circuit diagram illustrating a conventional
hydraulic control system for a construction ma-
chine;
FIG. 8 is a diagram showing output characteristics
of a pilot control valve arranged in the hydraulic con-
trol system depicted in FIG. 7; and
FIG. 9 is a diagram depicting delivery rate charac-
teristics of a variable displacement hydraulic pump
arranged in the hydraulic control system shown in
FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Referring first to FIGS. 1 and 2, the first em-
bodiment of the present invention will be described. The
hydraulic control system according to the first embodi-
ment depicted in FIG. 1 has been incorporated, for ex-
ample, in a hydraulic excavator. In FIG. 1, elements of
structure similar to those shown in FIG. 7 are identified
by like reference numerals.
[0024] The hydraulic control system according to the
first embodiment shown in FIG. 1 is also provided with
the variable displacement hydraulic pump 1 making up
the main pump, the actuator driven by pressure fluid de-
livered from the variable displacement hydraulic pump
1, for example, the hydraulic cylinder 4 such as an arm
cylinder or boom cylinder, and the directional control
valve 3 for controlling a flow of the pressure fluid to be
fed from the variable displacement hydraulic pump 1 to
the hydraulic cylinder 4. Incidentally, FIG. 1 illustrates
only one hydraulic cylinder 4 and only one directional
control valve 3. It is to be noted that, in an actual hy-
draulic excavator, plural actuators such as other hydrau-
lic cylinders and hydraulic motors and a like plural
number of directional control valves are arranged. For
the sake of facilitation of the description, these other ac-
tuators and their corresponding directional control
valves are however omitted in both the drawings and
the specification.
[0025] When the above-described directional control
valve 3 is switched to the position 3a, the hydraulic cyl-
inder 4 is brought, at the bottom side thereof, into com-
munication with the variable displacement hydraulic
pump 1 and is also brought, at the rod side thereof into
communication with the tank 9. When the directional
control valve 3 is switched to the position 3b, on the oth-
er hand, the hydraulic cylinder 4 is brought, at the rod
side thereof, into communication with the variable dis-
placement hydraulic pump 1 and is also brought, at the
bottom side thereof, into communication with the tank
9. Their functions are similar to those mentioned above
in connection with FIG. 7.
[0026] The hydraulic control system is also equipped

with the flow control unit 2 for controlling the delivery
rate of the variable displacement hydraulic pump 1, the
pilot control valve 5 for outputting a pilot pressure Pa
adapted to switch the directional control valve 3, the pilot
pump 7 for feeding pressure fluid to the pilot control
valve 5, and the pilot relief valve 8 for setting the delivery
pressure of the pilot pump 7. As has been described
above, the pilot control valve 5 includes the pressure-
reducing valve portions 10,11 and the control lever 5a
for operating these pressure-reducing valve portions
10,11. The pressure-reducing valve portion 10 is con-
nected to one of the drive control units of the directional
control valve 3 via the pilot line 13, whereas the pres-
sure-reducing valve portion 11 is connected to the other
drive control unit of the directional control valve 3 via the
pilot line 14. The hydraulic control system is also
equipped with the selector valve 6, which selects and
outputs one of a greater value out of the pilot pressure
Pa in the pilot line 13 and the pilot pressure Pa in the
pilot line 14. The above basic construction is similar to
that of the hydraulic control system shown in FIG. 7.
[0027] The first embodiment illustrated in FIG. 1 is
provided especially with a first signal line 21a for guiding
the above pilot pressure Pa selected by the selector
valve 6, a pressure control valve for converting a deliv-
ery pressure of the pilot pump 7 to a pump control signal
Pc, which is adapted to control driving of the flow control
unit 2, in accordance with the pilot pressure Pa guided
through the first signal line 21a, for example, a pressure-
reducing valve 20 for setting the pump control signal Pc
at a tank pressure when the pressure-reducing valve 20
is at its central position, a branch line 22 connecting the
pilot pump 7 and the pressure-reducing valve 20 with
each other, and a second signal line 21b for guiding the
pump control signal Pc, which has been converted at
the pressure-reducing valve 20, to the flow control unit 2.
[0028] The above-mentioned pressure-reducing
valve 20 can be arranged almost independently from the
position of the flow control unit 2 arranged in the vicinity
of the variable displacement hydraulic pump 1. In other
words, the pressure-reducing valve 20 can be arranged
at a position adjacent to the selector valve 6. As a con-
sequence, the first signal line 21 for guiding the pilot
pressure Pa, which has been fed to the selector valve
6, as a pressure signal for driving the pressure-reducing
valve 20 can be arranged as one having a substantially
shortened length. For example, this first signal line 21a
can be arranged as a steel tube as short as about sev-
eral tens of centimeters or so. This makes it possible to
make the total volume of the volume of the first signal
line 21a and the volumes of the pilot lines 13,14, which
are connected to the respective drive control units of the
directional control valve 3, relatively small, that is, small-
er compared with the total volume of the corresponding
lines shown in FIG. 7. Further, the second signal line
21b which connects the pressure-reducing valve 20 and
the flow control unit 2 with each other can be arranged,
for example, as a rubber hose of about several meters
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in length.
[0029] In the first embodiment constructed as de-
scribed above, turning of the control lever 5a of the pilot
control valve 5 over a stroke S in the direction of arrow
5b, for example, to make the hydraulic cylinder 4 per-
form an extending operation actuates the pressure-re-
ducing valve 10, and a pilot pressure Pa is outputted
from the pressure-reducing valve portion 10. This pilot
pressure Pa is applied to the one drive control unit of
the directional control valve 3 via the pilot line 13 so that
the directional control valve 3 is switched to the position
3a.
[0030] At this time, the pilot pressure Pa in the pilot
line 13 is selected by the selector valve 6, and this pilot
pressure Pa is guided through the first signal line 21a
and the pressure-reducing valve 20 is operated. Accord-
ingly, the pressure fluid which has been outputted from
the pilot pump 7 and guided through the branch pipe 22
is converted to a pump control signal Pc at the pressure-
reducing valve 20. This pump control signal Pc is out-
putted to the flow control unit 2 through the second sig-
nal line 21b. As a consequence, the flow control unit 2
is driven, and the pump flow rate Q of the pressure fluid
delivered from the variable displacement hydraulic
pump 1 is controlled so that it becomes substantially
equal to the lever stroke S of the pilot control valve 5.
Namely, a pilot pressure Pa which is substantially in pro-
portion with the lever stroke S of the pilot control valve
5 is outputted for the above-mentioned relationship
shown in FIG. 8. As is illustrated in FIG. 2, a pump con-
trol signal Pc which is proportional with the pilot pressure
Pa is outputted to the flow control unit 2, whereby the
pump flow rate Q outputted from the variable displace-
ment hydraulic pump 1 is controlled. The pressure fluid
delivered at the pump flow rate Q from the variable dis-
placement hydraulic pump 1 is fed to the bottom side of
the hydraulic cylinder 4 via the above-mentioned posi-
tion 3a of the directional control valve 3, and the fluid on
the rod side is returned to the tank 9 via the position 3a
of the directional control valve 3. As a consequence, the
hydraulic cylinder 4 performs an extending operation so
that the associated working equipment of the unillustrat-
ed hydraulic excavator.
[0031] Incidentally, when the pilot control valve 5 is
not operated and the pressure-reducing valve 20 re-
mains at its center position as shown in FIG. 1, the flow
control unit 2 is in communication with the tank 9 via the
second signal line 21b so that the flow control unit 2 sets
the pump flow rate Q of the variable displacement hy-
draulic pump 1 at a predetermined minimum flow rate.
Namely, the pressure fluid is delivered at the predeter-
mined flow rate from the variable displacement hydrau-
lic pump 1 at this time. For example, this minimum flow
rate can be set at 0.
[0032] In the above-described first embodiment, the
pressure-reducing valve 20 is arranged in the vicinity of
the selector valve 6 and the first signal line 21 has a
short length. Accordingly, the total volume of the first sig-

nal line 21a and the pilot lines 13,14 is relatively small.
As a consequence, upon operation of the pilot control
valve 5, the resulting pilot pressure Pa is instantaneous-
ly applied to one of the drive control units of the direc-
tional control valve 3 so that the directional control valve
3 is switched. Namely, the directional control valve is
switched over a stroke corresponding to the stroke of
the pilot control valve 5, and the directional control valve
3 exhibits good switching responsibility to the operation
of the pilot control valve 5.
[0033] Further, when the pilot control valve 5 is oper-
ated as mentioned above, the pressure-reducing valve
20 is actuated by the resulting pilot pressure Pa so that
the pressure fluid outputted from the pilot pump 7 is con-
verted to a pump control signal Pc at the pressure-re-
ducing valve 20. A sufficient flow rate can be assured
for the pump control signal Pc, which has been obtained
as described above by converting the flow rate and pres-
sure of the pressure fluid outputted from the pilot pump
7, independently from the volumes of the pilot lines
13,14 which connect the pilot control valve 5 and the
respective drive control units of the directional control
valve 3 with each other. As a consequence, the flow con-
trol unit 2 is driven instantaneously when the pressure-
reducing valve is driven, whereby good follow-up con-
trollability of an increase or decrease in the pump flow
rate of the variable displacement hydraulic pump 1 can
therefore be obtained for the operation of the pilot con-
trol valve 5.
[0034] According to the first embodiment, it is there-
fore possible to achieve good matching among the op-
eration of the pilot control valve 5, the switching opera-
tion of the directional control valve 3 and the control of
the pump flow rate Q of the variable displacement hy-
draulic pump 1. The driving of the hydraulic cylinder 4
which is controlled by the directional control valve 3 can
therefore be controlled with high accuracy, thereby mak-
ing it possible to improve the efficiency of work per-
formed by the hydraulic excavator.
[0035] Referring next to FIG. 3 and FIG. 4, the second
embodiment of the present invention will be described.
In the second embodiment, a pressure-reducing valve
40 is arranged as a pressure control valve for converting
a delivery pressure of the pilot pump 7 to a pump control
signal Pc, which is adapted to control driving of the flow
control unit 2, in accordance with a pilot pressure guided
by the first signal line 21a. This pressure-reducing valve
40 sets the pump control signal Pc at a predetermined
pressure higher than a tank pressure when it is at its
center position is arranged. Described specifically, the
pressure-reducing valve 40 is set so that, when it is at
its center position, it is offset to an extent corresponding
to the force of a spring to assume a restrictor position
(b). The remaining construction is the same as that of
the above-described first embodiment shown in FIG. 1.
[0036] This second embodiment can bring about sim-
ilar advantageous effects as the above-described first
embodiment. In particular, even when the pilot control
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valve 5 is not operated and the pressure-reducing valve
40 retains at its center position, a portion of pressure
fluid delivered from the pilot pump 7 and guided through
the branch line 22 is converted at the pressure-reducing
valve 40 and is then fed as a pump control signal Pc to
the signal line 21b (as shown by way of example in FIG.
4). As a result, the flow control unit 2 is slightly driven
so that the pump flow rate Q of the variable displace-
ment hydraulic pump 1 is set at a predetermined flow
rate greater than a predetermined minimum flow rate.
Even in a stopped state of a work vehicle that the pilot
control valve 5 remains non-operated, the pressure fluid
is allowed to flow at the predetermined flow rate through
the hydraulic circuit, thereby making it possible to pre-
vent cooling of the circuit, that is, to achieve warming-
up. Further, it is also possible to deliver the pressure
fluid at a relatively large flow rate Q from the variable
displacement hydraulic pump 1 from the time of an ini-
tiation of operation of the pilot control valve 5. This
makes it possible to shorten the rise time of the hydraulic
cylinder 4 upon starting work and hence to improve the
efficiency of the work performed by the hydraulic exca-
vator.
[0037] Further, the third embodiment of the present
invention will be described with reference to FIG. 5 and
FIG. 6.
[0038] In the third embodiment, a relief valve 30 is ar-
ranged as a pressure control valve for converting a de-
livery pressure of the pilot pump 7 to a pump control sig-
nal Pc, which is adapted to control driving of the flow
control unit 2, in accordance with a pilot pressure Pa
guided through the first signal line 21a. For example,
even when the pilot control valve 5 is not operated and
remains at is center position, a suitable adjustment of a
preset force of a spring allows the relief valve 30 to pre-
vent a predetermined amount of the pressure fluid,
which flows through the branch line 22, from flowing out
to the tank 9 without returning the pressure fluid in its
entirety to the tank 9. The third embodiment is designed
to output the pump control signal Pc from the branch
line 22 at a position between the restrictor 32 and the
relief valve 30. The remaining construction is the same
as that of the above-described first embodiment shown
in FIG. 1.
[0039] In the third embodiment constructed as de-
scribed above, a pilot pressure Pa is fed to the selector
valve 6 when the lever 5a of the pilot control valve 5 is
operated over a desired stroke S. This pilot pressure Pa
is guided through the signal line 21a to actuate the relief
valve 30. The pressure fluid, which has been delivered
from the pilot pump 7 and has passed through the re-
strictor 32, is then converted to a pump control signal
Pc in the branch line 22 at the position between the re-
strictor 32 and the relief valve 30, and the pump control
signal PC is applied to the flow control unit 2. As a con-
sequence, the pump flow rate Q of the variable displace-
ment hydraulic pump 1 is controlled at a flow rate which
corresponds to the lever stroke S of the pilot control

valve 5.
[0040] In a state that the pilot control valve 5 is not
operated and the relief valve 30 remains at its center
position, on the other hand, a predetermined portion of
the pressure fluid delivered from the pilot pump 7 is pre-
vented from flowing out to the tank 9 as described
above. Accordingly, a pressure is developed in the
branch line 22 at the position between the restrictor 32
and the relief valve 30 so that, as is illustrated in FIG. 6,
a pump control signal Pc higher than a tank pressure is
outputted to the signal line 21b although the pump con-
trol signal Pc has a small value. As a result, the delivery
rate Q of the variable displacement hydraulic pump 1 is
set at a predetermined flow rate greater than a prede-
termined minimum flow rate as in the above-described
second embodiment. The third embodiment can there-
fore bring about similar advantageous effects as the
second embodiment, that is, can achieve warming-up
in a stopped state of the hydraulic excavator and, owing
to assurance of a short rise time of the hydraulic cylinder
4 at the time of an initiation of work by the hydraulic ex-
cavator, can also improve the efficiency of the work per-
formed by the hydraulic excavator.
[0041] In the above description, the force of the spring
of the relief valve 30 is preset at such a level that, even
when the pilot control valve 5 is not operated and re-
mains at its center position, the pressure fluid, which is
flowing through the branch line 22, is not returned in its
entirety to the tank 9 and a predetermined portion of the
pressure fluid is prevented from flowing out to the tank
9. Instead of this, the force of the spring of the relief valve
30 may be set at such a level that the pressure fluid flow-
ing through the branch line 22 is returned in its entirety
to the tank 9 when the pilot control valve 5 is not oper-
ated and remains at its center position. In other words,
it is possible to arrange a relief valve which sets the
pump control signal Pc at the tank pressure when the
pilot control valve 5 is not operated and remains at its
center position. This construction can bring about sub-
stantially the same advantageous effects as the above-
described first embodiment.
[0042] As has been described above, the present in-
vention can bring about various advantageous effects.
According to the present invention, the length of the first
signal line which guides a pilot pressure adapted to drive
the pressure control valve can be made short, thereby
making it possible to reduce the total volume of the first
signal line and the pilot lines connected to the directional
control valve compared with the conventional art. Suffi-
cient pressure fluid can therefore be instantaneously fed
to one of the pilot lines as a result of operation of the
pilot control valve, whereby the switching responsibility
of the directional control valve to the operation of the
pilot control valve can be improved over that available
from the conventional art. In addition, the pump control
signal, which can be obtained by converting at the pres-
sure control valve the pressure fluid outputted from the
pilot pump, is absolutely irrelevant to the volumes of the
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pilot lines connected to the directional control valve and
is hence assured to have a sufficient flow rate. This
makes it possible to improve the follow-up controllability
of an increase or decrease in the pump flow rate of the
variable displacement hydraulic pump for the operation
of the pilot control valve over that available from the con-
ventional art. From these advantageous effects, it is
possible to achieve good matching among the operation
of the pilot control valve, the switching operation of the
directional control valve and the control of the pump flow
rate of the variable displacement hydraulic pump. The
driving of the hydraulic cylinder which is controlled by
the directional control valve can therefore be controlled
with high accuracy, thereby making it possible to im-
prove the efficiency of work performed by the hydraulic
excavator.
[0043] Especially when the pressure-reducing valve
in the second embodiment or the relief valve in the third
embodiment is one capable of setting the above-de-
scribed pump control signal at the predetermined pres-
sure higher than the tank pressure, the pressure fluid is
allowed to flow at the predetermined flow rate through
the hydraulic circuit. This makes it possible to achieve
warming-up. It is also possible to deliver the pressure
fluid at a relatively large flow rate from the variable dis-
placement hydraulic pump even from the time of an in-
itiation of operation of the pilot control valve. As a con-
sequence, the rise time of the actuator at the time of an
initiation of work by the hydraulic excavator can be
shortened. This makes it possible to improve the effi-
ciency of the work performed by the hydraulic excavator.

Claims

1. A hydraulic control system for a construction ma-
chine provided with a variable displacement hy-
draulic pump (1), an actuator (4) driven by pressure
fluid delivered from said variable displacement hy-
draulic pump, a directional control valve (3) for con-
trolling a flow of said pressure fluid delivered from
said variable displacement hydraulic pump and to
be fed to said actuator, a pilot control valve (5) ca-
pable of outputting plural pilot pressures (Pa) for
switching said directional control valve, a pilot pump
(7) for feeding pressure fluid to said pilot control
valve, a selector valve (6) for selecting one of a
maximum value out of said plural pilot pressures
outputted from said pilot control valve, and a flow
control unit (2) for controlling a delivery rate of said
variable displacement hydraulic pump on a basis of
said pilot pressure selected by said selector valve,
a first signal line (21a, 21b) being present to connect
the selector valve (6) with the flow control unit (2),
characterized in that said hydraulic control system
further comprises:

a pressure control valve (20) inserted in the first

signal line 21(a) for converting a delivery pres-
sure of said pilot pump (7) to a pump control
signal (Pc), which serves to control the opera-
tion of said flow control unit (2), under the influ-
ence of said pilot pressure guided through said
first signal line (21a);
a branch line (22) for connecting said pilot
pump (7) and said pressure control valve (20)
with each other; and
a second signal line (21b) for guiding said pump
control signal (Pc), which has been converted
by said pressure control valve, to said flow con-
trol unit (2).

2. The hydraulic control system according to claim 1,
wherein said pressure control valve is a pressure-
reducing valve.

3. The hydraulic control system according to claim 2,
wherein said pressure-reducing valve is a pressure-
reducing valve (20) for setting said pump control
signal (Pc) at a tank pressure when said pressure-
reducing valve (20) is at a center position.

4. The hydraulic control system according to claim 2,
wherein said pressure-reducing valve is a pressure-
reducing valve (40) for setting said pump control
signal (Pc) at a predetermined pressure higher than
a tank pressure when said pressure-reducing valve
(20) is at a center position.

5. The hydraulic control system according to claim 1,
wherein said pressure control valve is a relief valve
(30), a restrictor (32) is arranged in said branch line
(22), and said pump control signal (Pc) is outputted
from said branch line (22) at a position between said
restrictor (32) and said relief valve (30).

6. The hydraulic control system according to claim 5,
wherein said relief valve (30) is a relief valve for set-
ting said pump control signal (Pc) at a tank pressure
when said relief valve is at a center position.

7. The hydraulic control system according to claim 5,
wherein said relief valve (30) is a relief valve for set-
ting said pump control signal (Pc) at a predeter-
mined pressure higher than a tank pressure when
said relief valve is at a center position.

Patentansprüche

1. Hydrauliksteuersystem für eine Baumaschine, das
versehen ist mit einer Hyraulikpumpe (1) mit varia-
bler Verdrängung, einem Aktuator (4), der durch ein
mit Druck beaufschlagtes Fluid angesteuert wird,
das von der Hydraulikpumpe mit variabler Verdrän-
gung gefördert wird, einem Richtungssteuerventil
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(3), um eine Strömung des mit Druck beaufschlag-
ten Fluids, das von der Hydraulikpumpe mit varia-
bler Verdrängung gefördert wird und dem Aktuator
zuzuführen ist, zu steuern, einem Vorsteuerventil
(5), das mehrere Vorsteuerdrücke (Pa) ausgeben
kann, um das Richtungssteuerventil zu schalten, ei-
ner Vorsteuerpumpe (7), um mit Druck beauf-
schlagtes Fluid an das Vorsteuerventil zu fördern,
einem Auswahlventil (6), um aus den von dem Vor-
steuerventil ausgegebenen mehreren Vorsteuer-
drücken einen Vorsteuerdruck mit Maximalwert
auszuwählen, und einer Durchflusssteuereinheit
(2), um eine Förderrate der Hydraulikpumpe mit va-
riabler Verdrängung auf der Grundlage des von
dem Auswahlventil ausgewählten Vorsteuerdrucks
zu steuern, wobei eine erste Signalleitung (21a,
21b) vorhanden ist, um das Auswahlventil (6) mit
der Durchflusssteuereinheit (2) zu verbinden, da-
durch gekennzeichnet, dass das Hydrauliksteu-
ersystem ferner umfasst:

ein Drucksteuerventil (20), das in die erste Si-
gnalleitung (21a) eingesetzt ist, um einen För-
derdruck der Vorsteuerpumpe (7) in ein Druck-
steuersignal (Pc) umzusetzen, das dazu dient,
die Operation der Durchflusssteuereinheit (2)
unter dem Einfluss des durch die erste Signal-
leitung (21 a) geleiteten Vorsteuerdrucks zu
steuern;
eine Verzweigungsleitung (22), um die Vorsteu-
erpumpe (7) und das Drucksteuerventil (20)
miteinander zu verbinden; und
eine zweite Signalleitung (21b), um das Pump-
steuersignal (Pc), das durch das Drucksteuer-
ventil umgesetzt worden ist, zu der Durchfluss-
steuereinheit (2) zu leiten.

2. Hydrauliksteuersystem nach Anspruch 1, bei dem
das Drucksteuerventil ein Druckreduzierventil ist.

3. Hydrauliksteuersystem nach Anspruch 2, bei dem
das Druckreduzierventil ein Druckreduzierventil
(20) ist, das das Pumpsteuersignal (Pc) auf einen
Behälterdruck setzt, wenn sich das Druckreduzier-
ventil (20) in einer Mittelstellung befindet.

4. Hydrauliksteuersystem nach Anspruch 2, bei dem
das Druckreduzierventil ein Druckreduzierventil
(40) ist, das das Pumpsteuersignal (Pc) auf einen
vorgegebenen Druck setzt, der höher als ein Behäl-
terdruck ist, wenn sich das Druckreduzierventil (20)
in einer Mittelstellung befindet.

5. Hydrauliksteuersystem nach Anspruch 1, bei dem
das Drucksteuerventil ein Entlastungsventil (30) ist,
in der Verzweigungsleitung (22) eine Einschnürung
(32) angeordnet ist und das Pumpsteuersignal (Pc)
von der Verzweigungsleitung (22) an einer Position

zwischen der Einschnürung (32) und dem Entla-
stungsventil (30) ausgegeben wird.

6. Hydrauliksteuersystem nach Anspruch 5, bei dem
das Entlastungsventil (30) ein Entlastungsventil ist,
das das Pumpsteuersignal (Pc) auf einen Behälter-
druck setzt, wenn sich das Entlastungsventil in ei-
ner Mittelstellung befindet.

7. Hydrauliksteuersystem nach Anspruch 5, bei dem
das Entlastungsventil (30) ein Entlastungsventil ist,
das das Pumpsteuersignal (Pc) auf einen vorgege-
benen Druck setzt, der höher als ein Behälterdruck
ist, wenn sich das Entlastungsventil in einer Mittel-
stellung befindet.

Revendications

1. Système de commande hydraulique pour une ma-
chine de construction comportant une pompe hy-
draulique à cylindrée variable (1), un actionneur (4)
entraîné par un fluide sous pression délivré par la-
dite pompe hydraulique à cylindrée variable, une
soupape de commande directionnelle (3) pour com-
mander un écoulement dudit fluide sous pression
délivré par ladite pompe hydraulique à cylindrée va-
riable et devant être envoyé audit actionneur, une
soupape de commande pilote (5) apte à délivrer
plusieurs pressions pilotes (Pa) pour commuter la-
dite soupape de commande directionnelle, une
pompe pilote (7) pour envoyer le fluide sous pres-
sion à ladite soupape de commande pilote, une
soupape de sélection (6) pour sélectionner une va-
leur maximale parmi lesdites pluralités de pressions
pilotes délivrées par ladite soupape de commande
pilote, et une unité de commande d'écoulement (2)
pour commander un débit de refoulement de ladite
pompe hydraulique à cylindrée variable sur la base
de ladite pression pilote sélectionnée par ladite sou-
pape de sélection, une première canalisation de
transmission de signal (21a,21b) étant présente
pour raccorder la soupape de sélection (6) à l'unité
de commande d'écoulement (2), caractérisé en ce
que ledit système de commande hydraulique com-
prend en outre :

une soupape de commande de pression (20)
insérée dans la première canalisation de trans-
mission de signal (21a) pour convertir une pres-
sion de refoulement de ladite pompe pilote (7)
en un signal de commande de pompe (Pc), qui
sert à commander le fonctionnement de ladite
unité de commande d'écoulement (2), sous l'in-
fluence de ladite pression pilote guidée dans
ladite première canalisation de transmission de
signal (21a);
une canalisation de dérivation (22) pour raccor-
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der ladite pompe pilote (7) et ladite soupape de
commande de pression (20) entre elles; et
une seconde canalisation de transmission de
signal (21b) pour guider ledit signal de com-
mande de pompe (Pc), qui a été converti par
ladite soupape de commande de pression, jus-
qu'à ladite unité de commande d'écoulement
(2).

2. Système de commande hydraulique selon la reven-
dication 1, dans lequel ladite soupape de comman-
de de pression est une soupape de réduction de
pression.

3. Système de commande hydraulique selon la reven-
dication 2, dans lequel ladite soupape de réduction
de pression est une soupape de réduction de pres-
sion (20) pour régler ledit signal (Pc) de commande
de la pompe sur une pression de réservoir lorsque
ladite soupape de réduction de pression (20) est
dans une position centrale.

4. Système de commande hydraulique selon la reven-
dication 2, dans lequel ladite soupape de réduction
de pression est une soupape de réduction de pres-
sion (40) pour régler ledit signal de commande de
pompe (Pc) à une pression prédéterminée supé-
rieure à une pression de réservoir lorsque ladite
soupape de réduction de pression (20) est dans une
position centrale.

5. Système de commande hydraulique selon la reven-
dication 1, dans lequel ladite soupape de comman-
de de pression est une soupape de sûreté (30), un
étranglement (32) est disposé dans ladite canalisa-
tion de dérivation (22) et ledit signal (Pc) de com-
mande de pompe est délivré par ladite canalisation
de dérivation (22) dans une position située entre le-
dit étranglement (32) et ladite soupape de sûreté
(32).

6. Système de commande hydraulique selon la reven-
dication 5, dans lequel ladite soupape de sûreté
(30) est une soupape de sûreté servant à régler le
signal (Pc) de commande de pompe sur une pres-
sion de réservoir lorsque ladite soupape de sûreté
est dans une position centrale.

7. Système de commande hydraulique selon la reven-
dication 5, dans lequel ladite soupape de sûreté
(30) est une soupape de sûreté servant à régler ledit
signal (Pc)de commande de pompe sur une pres-
sion prédéterminée supérieure à une position de ré-
servoir lorsque ladite soupape de sûreté est dans
une position centrale.
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