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(57) An fuel injection control unit (an electronic gov-
ernor 12 and a controller 13) for an engine 1 is capable
of performing control in a governor region based on an
isochronous characteristic. A working machine control-
ler 18 receives a delivery pressure signal P and controls
a regulator 16 such that, when the delivery pressure of
a hydraulic pump exceeds a predetermined pressure
P1, the displacement of the hydraulic pump does not
exceed a value decided in accordance with a preset

pump absorption torque curve 20. Also, the working ma-
chine controller 18 controls the regulator 16 such that,
when the delivery pressure of the hydraulic pump 2 is
not higher than the predetermined pressure P1, the dis-
placement of the hydraulic pump is increased as the de-
livery pressure of the hydraulic pump lowers from the
predetermined pressure P1. As a result, even when the
governor region is controlled based on the isochronous
characteristic, the delivery flow rate of the hydraulic
pump is increased as an engine load reduces.
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Description

Technical Field

[0001] The present invention relates to a hydraulic
drive system and a hydraulic drive method for use in a
working machine, such as a hydraulic excavator, which
comprises an engine including a fuel injection control
unit capable of performing control in a governor region
based on an isochronous characteristic or a reverse
drooping characteristic, and a variable displacement hy-
draulic pump driven by the engine.

Background Art

[0002] Hitherto, a hydraulic drive system for a working
machine including a mechanical governor-equipped en-
gine has been proposed as disclosed in, e.g., JP, A
7-83084.
[0003] A prior-art system including that type of me-
chanical governor-equipped engine generally compris-
es a variable displacement hydraulic pump driven by the
engine, a regulator for controlling the displacement of
the hydraulic pump, a plurality of hydraulic actuators
driven by a hydraulic fluid delivered from the hydraulic
pump, a pressure sensor for detecting the delivery pres-
sure of the hydraulic pump and outputting a delivery
pressure signal, and a controller for receiving the deliv-
ery pressure signal outputted from the pressure sensor
and outputting, to the regulator, a control signal to con-
trol the displacement of the hydraulic pump.
[0004] In the prior-art system including the mechani-
cal governor-equipped engine, an engine output char-
acteristic has, in a governor region where a mechanical
governor performs control, a drooping characteristic
that the engine revolution speed increases as the en-
gine output torque (engine load) reduces. Such a droop-
ing characteristic is produced by the inertia of a flywheel
contained in the mechanical governor.
[0005] In the case of the working machine being, e.g.,
a hydraulic excavator, therefore, in a no-load operation
after loading earth and sand, etc. in a bucket and then
unloading them, the delivery pressure of the hydraulic
pump lowers and the engine load reduces, whereby the
engine revolution speed increases. This further increas-
es the delivery rate of the hydraulic pump and hence the
flow rate of the hydraulic fluid supplied to the hydraulic
actuators so that the hydraulic actuators can be operat-
ed at relatively high speeds. As a result, the working
speed in the no-load operation can be increased and
the working efficiency can be improved.
[0006] Also, as disclosed in JP, A 10-89111 and JP, A
10-159599, for example, there is conventionally known
a hydraulic drive system for a working machine includ-
ing, instead of the mechanical governor-equipped en-
gine described above, an engine including a fuel injec-
tion control unit capable of performing control in a gov-
ernor region based on an isochronous characteristic or

a reverse drooping characteristic (also referred to as an
"engine performing isochronous control or reverse
drooping control" hereinafter). The isochronous charac-
teristic in engine control means a characteristic that the
engine revolution speed is kept constant in the governor
region regardless of the magnitude of the engine load,
i.e., regardless of a reduction of the engine output
torque. The reverse drooping characteristic means a
characteristic that the engine revolution speed is re-
duced as the engine output torque (engine load) de-
creases.
[0007] With that prior-art system, it is possible to pre-
vent the effect due to the inertia of the flywheel as en-
countered in the mechanical governor, and to realize
lower fuel consumption and less noise than those in a
working machine including an engine equipped with a
mechanical governor.

Disclosure of the Invention

[0008] The working machine including the engine per-
forming isochronous control or reverse drooping control
is advantageous in realizing lower fuel consumption and
less noise as described above, but may cause a prob-
lem in work because the engine revolution speed is not
increased even when the engine load is small. Assum-
ing, for example, that the working machine is a hydraulic
excavator as mentioned above, even at a small engine
load in the no-load operation, the engine revolution
speed is not increased and therefore the delivery rate
of the hydraulic pump is also not increased. Conse-
quently, the flow rate of the hydraulic fluid supplied to
the hydraulic actuators cannot be increased and an im-
provement of the working efficiency is not expected.
[0009] Also, in work carried out with the engine per-
forming isochronous control or reverse drooping control,
an operator, who has been well experienced in opera-
tion of the working machine including the mechanical
governor-equipped engine, may have an unusual oper-
ation feeling because the hydraulic actuator speed is not
increased, unlike the working machine including the me-
chanical governor-equipped engine, in spite of the en-
gine load being small.
[0010] An object of the present invention is to improve
a hydraulic drive system equipped with an engine in-
cluding a fuel injection control unit capable of performing
control in at least a part of a governor region based on
an isochronous characteristic or a reverse drooping
characteristic, and to provide a hydraulic drive system
and a hydraulic drive method for a working machine, in
which the delivery rate of a hydraulic pump can be in-
creased even in the governor region as an engine load
reduces.

(1) To achieve the above object, the present inven-
tion provides a hydraulic drive system for a working
machine comprising an engine having a fuel injec-
tion control unit capable of performing control in at
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least a part of a governor region based on an iso-
chronous characteristic, a reverse drooping charac-
teristic, or a combined one of the isochronous char-
acteristic and the reverse drooping characteristic; a
variable displacement hydraulic pump driven by the
engine; and a plurality of hydraulic actuators driven
by a hydraulic fluid delivered from the hydraulic
pump, wherein the hydraulic drive system compris-
es pump absorption torque control means for con-
trolling a displacement of the hydraulic pump such
that, when a delivery pressure of the hydraulic
pump exceeds a first predetermined pressure, the
displacement of the hydraulic pump does not ex-
ceed a value decided in accordance with a preset
pump absorption torque curve; and flow rate com-
pensation control means for controlling the dis-
placement of the hydraulic pump such that, when
the delivery pressure of the hydraulic pump is not
higher than the'first predetermined pressure, the
displacement of the hydraulic pump is increased as
the delivery pressure of the hydraulic pump lowers
from a second predetermined pressure.

With the present invention constituted as set
forth above, when the engine load during work is
large and the delivery pressure of the hydraulic
pump is higher than the first predetermined pres-
sure, engine output horsepower can be effectively
utilized with pump absorption torque control (pump
absorption horsepower control). Also, when the en-
gine load is changed, for example, from a large one
to a small one and the delivery pressure of the hy-
draulic pump becomes not higher than the second
predetermined pressure, the flow rate compensa-
tion control means controls the displacement of the
hydraulic pump to be increased as the pump deliv-
ery pressure lowers. In spite of the engine revolu-
tion speed being not increased in the governor re-
gion due to the isochronous characteristic or the re-
verse drooping characteristic, therefore, the deliv-
ery rate of the hydraulic pump can be increased in
the governor region and hence the hydraulic actu-
ator speed can be increased when the engine load
is small.
(2) Also, to achieve the above object, the present
invention provides a hydraulic drive system for a
working machine comprising an engine having a fu-
el injection control unit capable of performing con-
trol in at least a part of a governor region based on
an isochronous characteristic, a reverse drooping
characteristic, or a combined one of the iso-
chronous characteristic and the reverse drooping
characteristic; a variable displacement hydraulic
pump driven by the engine; and a plurality of hy-
draulic actuators driven by a hydraulic fluid deliv-
ered from the hydraulic pump, wherein the hydraulic
drive system comprises a regulator for controlling a
displacement of the hydraulic pump; a pressure
sensor for detecting a delivery pressure of the hy-

draulic pump; pump absorption torque control
means for controlling the regulator such that, when
the delivery pressure of the hydraulic pump detect-
ed by the pressure sensor exceeds a first predeter-
mined pressure, the displacement of the hydraulic
pump does not exceed a value decided in accord-
ance with a preset pump absorption torque curve;
and flow rate compensation control means for con-
trolling the regulator such that, when the delivery
pressure of the hydraulic pump is not higher than
the first predetermined pressure, the displacement
of the hydraulic pump is increased as the delivery
pressure of the hydraulic pump lowers from a sec-
ond predetermined pressure.

With the present invention constituted as set
forth above, similarly to the above (1), effective uti-
lization of engine output horsepower with pump ab-
sorption torque control (pump absorption horse-
power control) and the control for increasing the
pump delivery rate at a small engine load can be
both realized. Hence, the hydraulic actuator speed
can be increased when the engine load is small.
(3) In the above (1) or (2), preferably, the second
predetermined pressure is matched with the first
predetermined pressure.

With that feature, when the delivery pressure
of the hydraulic pump becomes not higher than the
first predetermined pressure, the function of the
flow rate compensation control means is started at
once so that the displacement of the hydraulic pump
can be increased.
(4) In the above (1) or (2), preferably, the hydraulic
drive system further comprises control release
means for making ineffective the control for increas-
ing the displacement of the hydraulic pump execut-
ed by the flow rate compensation control means.

With that feature, the control executed by the
flow rate compensation control means can be re-
leased as required, and therefore the flow rate con-
trol depending on the type of work can be realized.
(5) In the above (4), preferably, the fuel injection
control unit is capable of performing control in at
least a part of the governor region based on the is-
ochronous characteristic, and the control release
means includes at least one of a travel mode switch,
a load lifting mode switch, and a ground leveling
mode switch.

With those features, in the case of performing
the operation or work, such as traveling, load lifting
or ground leveling, in which it is not desired to per-
form the control for increasing the delivery rate of
the hydraulic pump, the hydraulic actuator can be
operated at a constant speed in spite of an increase
or decrease of the engine load. As a result, the
traveling operation, the load lifting work and the
ground leveling work can be satisfactorily per-
formed.
(6) In the above (1) or (2), preferably, the flow rate
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compensation control means controls the displace-
ment of the hydraulic pump such that the delivery
rate of the hydraulic pump is increased as the de-
livery pressure of the hydraulic pump lowers from
the second predetermined pressure.

With that feature, as described in the above (1),
the delivery rate of the hydraulic pump can be in-
creased in the governor region in spite of the engine
revolution speed being not increased due to the is-
ochronous characteristic or the reverse drooping
characteristic.
(7) In the above (1) or (2), preferably, the fuel injec-
tion control unit is capable of performing control in
at least a part of the governor region based on the
reverse drooping characteristic, and the flow rate
compensation control means comprises first means
for controlling the displacement of the hydraulic
pump such that the delivery rate of the hydraulic
pump is increased as the delivery pressure of the
hydraulic pump lowers from the second predeter-
mined pressure, second means for controlling the
displacement of the hydraulic pump such that the
delivery rate of the hydraulic pump is held constant
when the delivery pressure of the hydraulic pump
lowers from the second predetermined pressure,
and selecting means for selecting one of the first
means and the second means.

With those features, regardless of the charac-
teristic in the governor region, the delivery rate of
the hydraulic pump is controlled to be increased
when the first means is selected, and the delivery
rate of the hydraulic pump is controlled to be held
constant when the second means is selected. As a
result, the flow rate control depending on the type
of work can be realized.
(8) In the above (7), preferably, the flow rate com-
pensation control means further comprises third
means for making ineffective the control for increas-
ing the displacement of the hydraulic pump, and the
selecting means selects one of the first means, the
second means and the third means.

With those features, when the third means is
selected, the control for increasing the displace-
ment of the hydraulic pump is made ineffective.
Therefore, the flow rate control depending on the
type of work can be realized.
(9) In the above (1) or (2), preferably, the pump ab-
sorption torque control means has means for com-
puting a target displacement for pump absorption
torque control from the delivery pressure of the hy-
draulic pump and the pump absorption torque
curve, and holding the target displacement at a con-
stant value when the delivery pressure of the hy-
draulic pump is not higher than the first predeter-
mined pressure, and the flow rate compensation
control means comprises means for computing a
displacement modification value that is increased
as the delivery pressure of the hydraulic pump low-

ers from the second predetermined pressure, and
means for computing a modified second displace-
ment by adding the displacement modification val-
ue to the target displacement, the displacement of
the hydraulic pump being controlled in accordance
with the modified target displacement.

With those features, the pump absorption
torque control means and the flow rate compensa-
tion control means can be constituted using a com-
puter.
(10) In the above (1) or (2), preferably, the pump
absorption torque control means is means for limit-
ing a maximum value of the displacement of the hy-
draulic pump to be not larger than the value decided
in accordance with the pump absorption torque
curve, and the flow rate compensation control
means is means for controlling the maximum value
of the displacement of the hydraulic pump such that
the maximum value is increased as the delivery
pressure of the hydraulic pump lowers from the sec-
ond predetermined pressure.

With those features, as described in the above
(1), effective utilization of engine output horsepower
with pump absorption torque control (pump absorp-
tion horsepower control) and the control for increas-
ing the pump delivery rate at a small engine load
can be realized. In addition, when demanded flow
rates of the plurality of actuators are small, the dis-
placement of the hydraulic pump is controlled cor-
respondingly so that desired actuator speeds can
be obtained.
(11) In the above (1) or (2), preferably, the hydraulic
drive system further comprises first computing
means for computing a first target displacement de-
pending on demanded flow rates of the plurality of
hydraulic actuators, wherein the pump absorption
torque control means has second computing means
for computing a second target displacement for
pump absorption torque control from the delivery
pressure of the hydraulic pump and the pump ab-
sorption torque curve, and holding the target dis-
placement at a constant value when the delivery
pressure of the hydraulic pump is not higher than
the first predetermined pressure, and the flow rate
compensation control means comprises means for
computing a displacement modification value that
is increased as the delivery pressure of the hydrau-
lic pump lowers from the second predetermined
pressure, and means for computing a modified sec-
ond target displacement by adding the displace-
ment modification value to the second target dis-
placement, the displacement of the hydraulic pump
being controlled by selecting smaller one of the first
target displacement and the modified second target
displacement as a target displacement for control.

With those features, when the first target dis-
placement depending on the demanded flow rates
of the plurality of hydraulic actuators is larger than
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the modified second target displacement, the mod-
ified second target displacement is selected as the
target displacement for control, and the displace-
ment of the hydraulic pump is limited to the modified
second target displacement. Accordingly, as de-
scribed in the above (1), effective utilization of en-
gine output horsepower with pump absorption
torque control (pump absorption horsepower con-
trol) and the control for increasing the pump delivery
rate at a small engine load can be both realized. On
the other hand, when the first target displacement
is smaller than the modified second target displace-
ment, the first target displacement is selected as the
target displacement for control and the displace-
ment of the hydraulic pump is controlled depending
on the demanded flow rates in accordance with the
first target displacement. Hence, desired actuator
speeds can be obtained.
(12) Further, to achieve the above object, the
present invention provides a hydraulic drive method
for a working machine comprising an engine having
a fuel injection control unit capable of performing
control in at least a part of a governor region based
on an isochronous characteristic, a reverse droop-
ing characteristic, or a combined one of the iso-
chronous characteristic and the reverse drooping
characteristic; a variable displacement hydraulic
pump driven by the engine; and a plurality of hy-
draulic actuators driven by a hydraulic fluid deliv-
ered from the hydraulic pump, wherein when a de-
livery pressure of the hydraulic pump exceeds a first
predetermined pressure, a displacement of the hy-
draulic pump is controlled such that the displace-
ment of the hydraulic pump does not exceed a value
decided in accordance with a preset pump absorp-
tion torque curve, and when the delivery pressure
of the hydraulic pump is not higher than the first pre-
determined pressure, the displacement of the hy-
draulic pump is controlled such that the displace-
ment of the hydraulic pump is increased as the de-
livery pressure of the hydraulic pump lowers from a
second predetermined pressure.

With those features, as described in the above
(1), effective utilization of engine output horsepower
with pump absorption torque control (pump absorp-
tion horsepower control) and the control for increas-
ing the pump delivery rate at a small engine load
can be both realized. Hence, the hydraulic actuator
speed can be increased when the engine load is
small.
(13) In the above (12), preferably, when the delivery
pressure of the hydraulic pump is not higher than
the first predetermined pressure, one of the control
for increasing the displacement of the hydraulic
pump as the delivery pressure of the hydraulic
pump lowers from the second predetermined pres-
sure and control for holding the displacement of the
hydraulic pump constant is selectable.

With that feature, the control for increasing the
pump displacement can be released as required,
and therefore the flow rate control depending on the
type of work can be realized.
(14) In the above (12), preferably, when the delivery
pressure of the hydraulic pump is not higher than
the first predetermined pressure, the displacement
of the hydraulic pump is controlled such that a de-
livery rate of the hydraulic pump is increased as the
delivery pressure of the hydraulic pump lowers from
the second predetermined pressure.

With that feature, as described in the above (1),
the delivery rate of the hydraulic pump can be in-
creased in the governor region in spite of the engine
revolution speed being not increased due to the is-
ochronous characteristic or the reverse drooping
characteristic.
(15) In the above (12), preferably, the fuel injection
control unit is capable of performing control in at
least a part of the governor region based on the re-
verse drooping characteristic, and when the deliv-
ery pressure of the hydraulic pump is not higher
than the first predetermined pressure, one of the
control for increasing the displacement of the hy-
draulic pump such that the delivery rate of the hy-
draulic pump is increased as the delivery pressure
of the hydraulic pump lowers from the second pre-
determined pressure, and control for increasing the
displacement of the hydraulic pump such that the
delivery rate of the hydraulic pump is held constant
as the delivery pressure of the hydraulic pump low-
ers from the second predetermined pressure is se-
lectable.

With those features, regardless of the charac-
teristic in the governor region, the flow rate control
depending on the type of work can be realized.

Brief Description of the Drawings

[0011]

Fig. 1 is a block diagram showing the entirety of a
hydraulic drive system for a working machine ac-
cording to a first embodiment of the present inven-
tion, including a hydraulic circuit.
Fig. 2 is a view showing an external appearance of
a hydraulic excavator in which the hydraulic drive
system according to the first embodiment is mount-
ed.
Fig. 3 is a characteristic graph showing the relation-
ship between a revolution speed and an output
torque of an engine equipped with an electronic
governor performing isochronous control.
Fig. 4 is a diagram showing details of a structure of
a regulator.
Fig. 5 is a graph showing the relationship between
a control current signal applied to a solenoid pro-
portional pressure-reducing valve in the regulator
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and a tilting angle of a hydraulic pump.
Fig. 6 is a functional block diagram showing
processing functions of a working machine control-
ler.
Fig. 7 is a graph showing the relationship between
a pump delivery pressure and a second target tilt-
ing, which is used in a second target tilting-angle
computing section of the working machine control-
ler.
Fig. 8 is a graph showing the relationship between
a pump delivery pressure and a pump tilting-angle
modification value, which is used in a tilting-angle
modification value computing section of the working
machine controller.
Fig. 9 is a graph showing the relationship between
a pump delivery pressure and a second target pump
tilting, which has been modified by an adder.
Fig. 10A is a graph showing the relationship be-
tween a pump delivery pressure P and a pump tilt-
ing θ in a prior-art system including a mechanical
governor-equipped engine controlled in a governor
region based on a drooping characteristic, and Fig.
10B is a graph showing the relationship between a
pump delivery pressure and a pump delivery rate in
the prior-art system.
Fig. 11A is a graph showing the relationship be-
tween a pump delivery pressure P and a pump tilt-
ing θ in a prior-art system and the first embodiment
including an engine controlled in a governor region
based on an isochronous characteristic, and Fig.
11B is a graph showing the relationship between a
pump delivery pressure and a pump delivery rate in
the prior-art system and the first embodiment.
Fig. 12 is a characteristic graph showing the rela-
tionship between a revolution speed and an output
torque of an engine equipped with an electronic
governor performing control based on a reverse
drooping characteristic according to a second em-
bodiment of the present invention.
Fig. 13 is a functional block diagram showing
processing functions of a working machine control-
ler according to the second embodiment of the
present invention.
Fig. 14 is a graph showing the relationship between
a pump delivery pressure and a pump tilting-angle
modification value, which is used in a tilting-angle
modification value computing section of the working
machine controller.
Fig. 15 is a graph showing the relationship between
a delivery pressure signal and a second target tilt-
ing, which has been modified by an adder.
Fig. 16A is a graph showing the relationship be-
tween a pump delivery pressure P and a pump tilt-
ing θ in a prior-art system including an engine con-
trolled in a governor region based on a reverse
drooping characteristic, and Fig. 16B is a graph
showing the relationship between the pump deliv-
ery pressure and the pump delivery rate in the prior-

art system.
Fig. 17A is a graph showing the relationship be-
tween a pump delivery pressure P and a pump tilt-
ing θ in the second embodiment, and Fig. 17B is a
graph showing the relationship between a pump de-
livery pressure and a pump delivery rate in the sec-
ond embodiment.
Fig. 18 is a characteristic graph showing the rela-
tionship between a revolution speed and an output
torque of an engine equipped with an electronic
governor performing control in combination of an is-
ochronous characteristic and a reverse drooping
characteristic according to a third embodiment of
the present invention.
Fig. 19 is a graph showing the relationship between
a pump delivery pressure and a pump tilting-angle
modification value, which is used in a tilting-angle
modification value computing section of a working
machine controller.
Fig. 20 is a graph showing the relationship between
a delivery pressure signal and a second target tilt-
ing, which has been modified by an adder.

Best Mode for Carrying Out the Invention

[0012] Embodiments of the present invention will be
described below with reference to the drawings.
[0013] Fig. 1 is a block diagram showing the entirety
of a hydraulic drive system for a working machine ac-
cording to one embodiment of the present invention, in-
cluding a hydraulic circuit.
[0014] The hydraulic drive system according to this
embodiment is equipped in a working machine such as
a hydraulic excavator and comprises, as shown in Fig.
1, an engine 1, an electronic governor 12 and an engine
controller 13, the latter two 12, 13 constituting a fuel in-
jection control unit for the engine 1. The electronic gov-
ernor 12 and the engine controller 13 are able to control
a governor region based on an isochronous character-
istic, i.e., to perform isochronous control in a governor
region such that the revolution speed of the engine 1 is
maintained at a rated speed regardless of an increase
and decrease of the engine load. The electronic gover-
nor 12 is controlled by the engine controller 13 for injec-
tion of fuel into the engine 1. That type of fuel injection
control unit is well known as disclosed in, e.g., JP, A
10-159599.
[0015] The hydraulic drive system according to this
embodiment further comprises, as shown in Fig. 1, a
variable displacement hydraulic pump 2 of swash plate
type, for example, which is driven by the engine 1; a reg-
ulator 16 for controlling the displacement (swash-plate
tilting angle) of the hydraulic pump 2; a plurality of hy-
draulic actuators, such as a hydraulic cylinder 3, a hy-
draulic motor 4 and hydraulic cylinders 5, 6, driven by a
hydraulic fluid delivered from the hydraulic pump 2; di-
rectional control valves 7 to 10 for controlling respective
flows of the hydraulic fluid supplied to the hydraulic ac-
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tuators; a main relief valve 11; control lever devices
50, ... (only one of which is shown) for generating pilot
pressures to shift the directional control valves 7 to 10;
a pressure sensor 14 for detecting a delivery pressure
of the hydraulic pump 2 and outputting a delivery pres-
sure signal P; a tilting angle sensor 15 for detecting the
swash-plate tilting angle (displacement) of the hydraulic
pump 2 and outputting a tilting angle signal θ; a mode
selection switch 17 capable of outputting a control re-
lease signal F; a signal control valve 53 in combination
of shuttle valves for receiving the pilot pressures from
the control lever devices 50, ... and selecting and out-
putting one of the received pilot pressures; a pressure
sensor 55 for detecting the pilot pressure outputted from
the signal control valve 53 and outputting a pilot pres-
sure signal D; and a working machine controller 18 for
receiving the delivery pressure signal P outputted from
the pressure sensor 14, the tilting angle signal θ output-
ted from the tilting angle sensor 15, the control release
signal F outputted from the mode selection switch 17,
and the pilot pressure signal D outputted from the pres-
sure sensor 55, and then outputting, to the regulator 16,
a control current signal R to control the pump displace-
ment.
[0016] Fig. 2 shows an external appearance of a hy-
draulic excavator in which the hydraulic drive system ac-
cording to this embodiment is mounted.
[0017] The hydraulic excavator comprises a lower
track structure 102, an upper swing structure 103, and
a front working device 104. The upper swing structure
103 is mounted to an upper portion of the lower track
structure 102 in a swingable manner, and the front work-
ing device 104 is attached to a front portion of the upper
swing structure 103 in a vertically rotatable manner. An
engine room 105 and a cab 106 are provided on the up-
per swing structure 103. The front working device 104
is of a multi-articulated structure comprising a boom
108, an arm 109 and a bucket 110. The lower track struc-
ture 102, the upper swing structure 103, and the front
working device 104 include, as actuators, left and right
track motors 111 (only one of which is shown), a swing
motor 112, a boom cylinder 113, an arm cylinder 114,
and a bucket cylinder 115. The lower track structure 102
travels with rotation of the left and right track motors 111,
and the upper swing structure 103 swings with rotation
of the swing motor 112. The boom 108 of the front work-
ing device 104 rotates in the vertical direction with ex-
tension and contraction of the boom cylinder 113, the
arm cylinder 109 rotates in the vertical and back-and-
forth directions with extension and contraction of the
arm cylinder 114, and the bucket 110 rotates in the ver-
tical and back-and-forth directions with extension and
contraction of the bucket cylinder 115.
[0018] The hydraulic cylinders 3, 5 and 6 and the hy-
draulic motor 4, shown in Fig. 1, represent the above-
mentioned actuators. For example, the hydraulic cylin-
ders 3, 5 and 6 correspond to the boom cylinder 113,
the arm cylinder 114, and the bucket cylinder 115, and

the hydraulic motor 4 corresponds to the swing motor
112, respectively.
[0019] Also, the control lever devices 50, ... and the
mode selection switch 17 are disposed in the cab 106,
and the engine 1 and the hydraulic pump 2 are disposed
in the engine room 105. Hydraulic equipment and elec-
tronic equipment, such as the directional control valves
7 - 10, the engine controller 13, and the working machine
controller 18, are installed at appropriate positions of the
upper swing structure 103.
[0020] Fig. 3 shows the relationship between a revo-
lution speed N and an output torque Te of the engine 1
based on the fuel injection control unit (the electronic
governor 12 and the engine controller 13) performing
isochronous control.
[0021] An output torque characteristic of the engine 1
is divided, as shown in Fig. 3, into a characteristic (iso-
chronous characteristic) in a governor region 33 repre-
sented by a straight line 32 and a characteristic in a full-
load region represented by a curved line 30. The gov-
ernor region 33 means an output region in which the
opening degree of the governor is less than 100%, and
the full-load region means an output region in which the
opening degree of the governor is 100%. In Fig. 3, a
broken line 31 represents, for comparison, a character-
istic (drooping characteristic) in a governor region of a
conventional mechanical governor-equipped engine. A
mechanical governor is of a structure for adjusting the
amount of injected fuel based on a balance between a
flywheel and a spring. As represented by the broken line
31, the governor region of the mechanical governor-
equipped engine has a drooping characteristic that the
engine revolution speed N is increased as the engine
output torque (engine load) Te decreases. In contrast,
the engine 1 of this embodiment has an isochronous
characteristic in the governor region where isochronous
control is performed such that, as represented by the
straight line 32, the engine revolution speed N is held
constant at a rated speed N0 by the electronic governor
12 regardless of a reduction of the engine output torque
Te. With that isochronous control, this embodiment can
realize lower fuel consumption and less noise than
those in the working machine including the mechanical
governor-equipped engine.
[0022] Fig. 4 shows a detailed structure of the regu-
lator 16. The regulator 16 controls, in accordance with
the control current signal R outputted from the working
machine controller 18, the tilting angle of the hydraulic
pump 2 to be matched with a target pump tilting angle
indicated by the control current signal R. The regulator
16 comprises a solenoid proportional pressure-reducing
valve 60, a servo valve 61, and a servo piston 62. The
solenoid proportional pressure-reducing valve 60 re-
ceives the control current signal R from the working ma-
chine controller 18 and outputs a control pressure pro-
portional to the received control current signal R. The
servo valve 61 is operated by the outputted control pres-
sure and controls a position of the servo piston 62. The
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servo piston 62 drives a swash plate 2a of the hydraulic
pump 2 and controls the tilting angle of the swash plate
2a.
[0023] The delivery pressure of the hydraulic pump 2
is introduced to an input port of the servo valve 61
through a check valve 63 and also acts upon a smaller-
diameter chamber 62a of the servo piston 62 through a
passage 54 at all times. The delivery pressure of a pilot
pump 66 is introduced to an input port of the solenoid
proportional pressure-reducing valve 60 and then be-
comes the control pressure after being reduced with op-
eration of the solenoid proportional pressure-reducing
valve 60. The control pressure thus produced acts upon
a pilot piston 61a of the servo valve 61 through a pas-
sage 67. Also, when the delivery pressure of the hydrau-
lic pump 2 is lower than the delivery pressure of the pilot
pump 66, the delivery pressure of the pilot pump 66 is
introduced as a servo assist pressure to an input port of
the servo valve 61 through a check valve 69.
[0024] Fig. 5 shows the relationship between the con-
trol current signal R applied to the solenoid proportional
pressure-reducing valve 60 and the tilting angle of the
swash plate 2a of the hydraulic pump 2 (also referred to
simply as the "tilting angle of the hydraulic pump 2" or
the "pump tilting" hereinafter).
[0025] When the control current signal R is not larger
than R1, the solenoid proportional pressure-reducing
valve 60 is not operated and the control pressure pro-
duced by the solenoid proportional pressure-reducing
valve 60 is zero (0). Hence, a spool 61b of the servo
valve 61 is urged to the left in Fig. 4 by a spring 61c,
whereupon the delivery pressure of the hydraulic pump
2 (or the delivery pressure of the pilot pump 66) acts
upon a larger-diameter chamber 62b of the servo piston
62 through the check valve 63, a sleeve 61d and the
spool 61b. Although the delivery pressure of the pump
2 also acts upon the smaller-diameter chamber 62a of
the servo piston 62 through the passage 54, the servo
piston 62 is moved to the right in Fig. 4 because of an
area difference between the two chambers.
[0026] When the servo piston 62 is moved to the right
in Fig. 4, a feedback lever 71 is rotated counterclockwise
in Fig. 4 about a pin 72 serving as a fulcrum. Since a
fore end of the feedback lever 71 is coupled to the sleeve
61d by a pin 73, the sleeve 61d is moved to the left in
Fig. 4 with the counterclockwise rotation of the feedback
lever 71. The movement of the servo piston 62 is con-
tinued until a gap at an opening of the spool 61b relative
to the sleeve 61d is closed, and the servo piston 61 is
stopped when the gap is completely closed.
[0027] Through the operation described above, the
tilting angle of the hydraulic pump 2 is reduced to a min-
imum and the delivery rate of the hydraulic pump 2 is
minimized.
[0028] When the control current signal R becomes
larger than R1 and the solenoid proportional pressure-
reducing valve 60 is operated, the control pressure is
produced depending on an amount by which the sole-

noid proportional pressure-reducing valve 60 is shifted,
and acts upon the pilot piston 61a of the servo valve 61
through the passage 67. Hence, the spool 61b is moved
to the right in Fig. 4 to a position where the urging force
is balanced by the force of the spring 61c. With such a
movement of the spool 61b, the larger-diameter cham-
ber 62b of the servo piston 62 is communicated with a
reservoir 75 through a passage within the spool 61b. Be-
cause the delivery pressure of the hydraulic pump 2 (or
the delivery pressure of the pilot pump 66) acts upon the
small-diameter chamber 62a of the servo piston 62
through the passage 54 at all times, the servo piston 62
is moved to the left in Fig. 4 and the hydraulic fluid in
the larger-diameter chamber 62b is returned to the res-
ervoir 75.
[0029] When the servo piston 62 is moved to the left
in Fig. 4, the feedback lever 71 is rotated clockwise in
Fig. 4 about the pin 72 serving as a fulcrum and the
sleeve 61d of the servo valve 61 is moved to the right
in Fig. 4. The movement of the servo piston 62 is con-
tinued until a gap at an opening of the spool 61b relative
to the sleeve 61d is closed, and the servo piston 61 is
stopped when the gap is completely closed.
[0030] Through the operation described above, the
tilting angle of the hydraulic pump 2 is increased and the
delivery rate of the hydraulic pump 2 is also increased.
The amount by which the delivery rate of the hydraulic
pump 2 increases is proportional to the amount by which
the control pressure rises, i.e., the amount by which the
control current signal R increases.
[0031] When the control current signal R is reduced
and the control pressure produced by the solenoid pro-
portional pressure-reducing valve 60 lowers, the spool
61b of the servo valve 61 is returned to the left in Fig. 4
to a position where the urging force is balanced by the
force of the spring 61c. Therefore, the delivery pressure
of the hydraulic pump 2 (or the delivery pressure of the
pilot pump 66) acts upon the larger-diameter chamber
62b of the servo piston 62 through the sleeve 61d and
the spool 61b of the servo valve 62. As a result, the servo
piston 52 is moved to the right in Fig. 4 because of an
area difference between the larger-diameter chamber
62b and the smaller-diameter chamber 62a.
[0032] When the servo piston 62 is moved to the right
in Fig. 4, the feedback lever 71 is rotated counterclock-
wise in Fig. 4 about the pin 72 serving as a fulcrum, and
the sleeve 61d of the servo valve 61 is moved to the left
in Fig. 4. The movement of the servo piston 62 is con-
tinued until the gap at the opening of the spool 61b rel-
ative to the sleeve 61d is closed, and the servo piston
61 is stopped when the gap is completely closed.
[0033] Through the operation described above, the
tilting angle of the hydraulic pump 2 is reduced and the
delivery rate of the hydraulic pump 2 is also reduced.
The amount by which the delivery rate of the hydraulic
pump 2 reduces is proportional to the amount by which
the control pressure lowers, i.e., the amount by which
the control current signal R reduces.
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[0034] Fig. 6 is a functional block diagram showing
details of the mode selection switch 17 and processing
functions of the working machine controller 18.
[0035] The mode selection switch 17 includes, for ex-
ample, a travel mode switch 17a, a load lifting mode
switch 17b, and a ground leveling mode switch 17c.
When an operator operates one of those switches 17a
to 17c, the control release signal F is outputted.
[0036] The working machine controller 18 has various
functions executed by a first target pump tilting-angle
computing section 81, a second target pump tilting-an-
gle computing section 82, a tilting-angle modification
value computing section 83, a switching section 84, an
adder 85, a minimum value selector 86, a subtracter 87,
and a control current computing section 88.
[0037] The first target pump tilting-angle computing
section 81 receives the pilot pressure signal D from the
pressure sensor 55 and refers to a table stored in a
memory using the received signal D, thereby computing
a first target tilting θD of the hydraulic pump 2 corre-
sponding to the pilot pressure indicated by the signal D
at that time. The first target tilting θD is a target tilting for
positive control depending on a lever shift amount (de-
manded flow rate) of each of the control lever devices
50, ... (see Fig. 1). The relationship between the pilot
pressure and the first target pump tilting θD is set in the
memory table such that as the pilot pressure increases,
the first target tilting θD is also increased.
[0038] The second target pump tilting-angle comput-
ing section 82 receives the delivery pressure signal P of
the hydraulic pump 2 from the pressure sensor 14 and
refers to a table stored in a memory using the received
signal P, thereby computing a second target tilting θT of
the hydraulic pump 2 corresponding to the pump deliv-
ery pressure (hereinafter denoted by the same symbol
P as the signal for convenience of explanation) indicated
by the signal P at that time. The second target tilting θT
serves as a limit value for performing torque control of
the hydraulic pump 2. The relationship between the
pump delivery pressure P and the second target tilting
θT (limit value) of the hydraulic pump 2 is set in the mem-
ory table based on a pump absorption torque curve, as
shown in Fig. 7.
[0039] Referring to Fig. 7, numeral 20 represents the
pump absorption torque curve that is set to be matched
with a curve 21 of the output torque Te (see Fig. 3) at a
predetermined revolution speed of the engine 1 (e.g., at
a rated revolution speed N0). In the range where the
pump delivery pressure P is not lower than P1, the sec-
ond target pump tilting θT is changed along the pump
absorption torque curve 20 such that the second target
pump tilting θT is reduced as the pump delivery pressure
P increases.
[0040] When the pump delivery pressure P is P1, the
second target pump tilting θT takes a first maximum tilt-
ing θmax1. In the range where the delivery pressure P
not lower than P1, the second target pump tilting θT is
held at the first maximum tilting θmax1 as indicated by

a characteristic line 19. The first maximum tilting θmax1
is a value decided depending on design specifications
of a hydraulic excavator, for example, design specifica-
tions such as the operating speeds of the swing motor
112, the boom cylinder 113, the arm cylinder 114, and
the bucket cylinder 115 (i.e., the hydraulic cylinders 3,
4 and 6 and the hydraulic motor 4). In other words, the
first maximum tilting θmax1 is set such that the pump
delivery rate obtained at the first maximum tilting θmax1
provides desired speeds of the actuators.
[0041] Pmin represents a minimum delivery pressure
of the hydraulic pump 2, and Pmax represents a maxi-
mum delivery pressure of the hydraulic pump 2. The
maximum delivery pressure Pmax corresponds to a set-
ting pressure of the main relief valve 11 (see Fig. 1).
[0042] Also, a range 23 between the minimum deliv-
ery pressure Pmin and the pressure P1 corresponds to
the above-mentioned governor region 33.
[0043] The absorption torque of the hydraulic pump 2
is represented by the product of the delivery pressure
of the hydraulic pump 2 and the displacement (tilting an-
gle) of the hydraulic pump 2. Accordingly, the process
of computing the second target pump tilting θT corre-
sponding to the pump delivery pressure P from the
pump absorption torque curve 20 and controlling the tilt-
ing angle of the hydraulic pump 2 to be equal to the sec-
ond target pump tilting θT means control of the tilting of
the hydraulic pump 2 in which the product of the pump
delivery pressure P and the second target pump tilting
θT (i.e., the absorption torque of the hydraulic pump 2)
is held at the pump absorption torque (constant value)
represented by the curve 20.
[0044] The tilting-angle modification value computing
section 83 receives the delivery pressure signal P of the
hydraulic pump 2 from the pressure sensor 14 and re-
fers to a table stored in a memory using the received
signal P, thereby computing a modification value S of
the second target tilting θT of the hydraulic pump 2 cor-
responding to the pump delivery pressure (hereinafter
also denoted by the same symbol P as the signal) indi-
cated by the signal P at that time. The modification value
S serves to modify the tilting angle of the hydraulic pump
2 such that, in spite of the engine revolution speed being
held constant in the governor region 33 (Fig. 3) with the
isochronous control, the tilting angle of the hydraulic
pump 2 is increased to increase the delivery rate as the
engine load reduces. The relationship between the de-
livery pressure P and the modification value S is set in
the memory table such that, as shown in Fig. 8, when
the pump delivery pressure P is not lower than P1, the
modification value S = 0 is set, and when the delivery
pressure P is lower than P1, the modification value S is
linearly proportionally increased as the delivery pres-
sure P lowers.
[0045] The switching section 84 is turned off with the
control release signal F being outputted from the mode
selection switch 17, whereby the modification value S
of the target pump tilting is made ineffective.
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[0046] The adder 85 adds the modification value S of
the target pump tilting computed by the tilting-angle
modification value computing section 83 to the second
target tilting θT of the hydraulic pump 2 computed by the
second target pump tilting-angle computing section 82,
thereby computing the modified second target tilting θT.
[0047] Fig. 9 shows the relationship between the de-
livery pressure P and the second target tilting θT, which
has been modified by the adder 85.
[0048] By adding the modification value S to the sec-
ond target tilting θT, the characteristic line 19 shown in
Fig. 7 is modified to a characteristic line 22. Thus, as
the pump delivery pressure P lowers from P1 to Pmin,
the modified second target tilting θT is linearly increased
from the first maximum tilting θmax1 to a second maxi-
mum tilting θmax2 (= first maximum tilting θmax1 +
Smax). The second maximum tilting θmax2 is set cor-
responding to, for example, a structural maximum tilting
(pump capability limit) of the hydraulic pump 2.
[0049] The minimum value selector 86 selects a
smaller one between the first target tilting θD of the hy-
draulic pump 2 computed by the first target pump tilting-
angle computing section 81 and the second target tilting
θT modified by the adder 85, and sets the selected one
as a target tilting θc for control of the hydraulic pump 2.
Accordingly, when the first target tilting θD of the hydrau-
lic pump 2 computed by the first target pump tilting-angle
computing section 81 is larger than the modified second
target tilting θT, the modified second target tilting θT is
outputted as the target pump tilting θc for control, where-
by the target pump tilting θc for control is limited to be
not larger than the modified second target tilting θT.
[0050] The subtracter 87 computes a deviation ∆θ be-
tween the target pump tilting θc for control and the tilting
angle signal θ outputted from the tilting angle sensor 15.
The control current computing section 88 computes the
control current signal R from the deviation ∆θ through,
e.g., integral control computation. As a result, the tilting
angle signal θ is controlled to be matched with the target
pump tilting θc for control.
[0051] This embodiment having the above-described
construction operates as follows.
[0052] A description is first made of the case in which
any of the switches 17a to 17c of the mode selection
switch 17 is not operated and the control release signal
F is not outputted, i.e., the case in which the switching
section 84 of the working machine controller 18 is turned
on.
[0053] When the engine 1 is started up to drive the
hydraulic pump 2 and one of the control lever devices
50, ... is operated, the hydraulic fluid delivered from the
hydraulic pump 2 is supplied to the hydraulic cylinder 3,
5, 6 or the hydraulic motor 4, etc. through a correspond-
ing one of the directional control valves 7 to 10. The front
working device 104, for example, of the hydraulic exca-
vator, shown in Fig. 2, is thereby driven to perform, e.
g., the work for excavating earth and sand.
[0054] In the working machine controller 18, the first

target pump tilting-angle computing section 81 com-
putes the first target tilting θD of the hydraulic pump 2
corresponding to the pilot pressure signal D outputted
from the pressure sensor 55, the second target pump
tilting-angle computing section 82 computes the second
target tilting θT of the hydraulic pump 2 corresponding
to the delivery pressure signal P of the hydraulic pump
2 outputted from the pressure sensor 14, and the tilting-
angle modification value computing section 83 com-
putes the modification value S of the target tilting of the
hydraulic pump 2 corresponding to the delivery pressure
signal P of the hydraulic pump 2 outputted from the pres-
sure sensor 14.
[0055] On that occasion, when the lever shift amount
of the control lever device is small and θD < θc (= θT) is
satisfied, the minimum value selector 86 selects, as the
target tilting θc for control, the first target tilting θD of the
hydraulic pump 2 computed by the first target pump tilt-
ing-angle computing section 81. The subtracter 87 and
the control current computing section 88 compute the
control current signal R for making the tilting angle signal
θ matched with the target tilting θc, and the control cur-
rent signal R is outputted to the solenoid proportional
pressure-reducing valve 60 of the regulator 16. As a re-
sult, the tilting angle of the hydraulic pump 2 is controlled
to be matched with the target tilting θc (= θD) for control
and the hydraulic pump 2 delivers the hydraulic fluid at
a flow rate proportional to the product of the target tilting
θc and the revolution speed N of the engine 1 at that
time. This delivery rate is given depending on the lever
shift amount of the control lever device and is supplied
to a corresponding one of the hydraulic cylinders 3, 5
and 6 and the hydraulic motor 4, whereby the corre-
sponding actuator is driven at the speed depending on
the shift amount of the control lever device.
[0056] On the other hand, for example, when the con-
trol lever of the control lever device is fully operated and
θD > θc (= θT) is satisfied, the minimum value selector-
86 selects, as the target tilting θc for control, the second
target tilting θT of the hydraulic pump 2 computed by the
second target pump tilting-angle computing section 82.
Then, the control current signal R computed from both
the target tilting θc and the tilting angle signal θ is out-
putted to the solenoid proportional pressure-reducing
valve 60 of the regulator 16.
[0057] Assuming now, for example, that heavy exca-
vation or the like is performed and the pump delivery
pressure indicated by the signal P outputted from the
pressure sensor 14 takes P2 higher than P1 shown in
Fig. 9, the tilting-angle modification value computing
section 83 computes the modification value S = 0 and
the second target pump tilting-angle computing section
82 computes the second target tilting θT = θ2. This com-
puted θ2 is used, as it is, as the second target tilting θT.
Therefore, the tilting angle of the hydraulic pump 2 is
limited to θ2 and the delivery rate of the hydraulic pump
2 is also limited to a flow rate Q1 given below:
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[0058] Since the delivery rate of the hydraulic pump
2 is thus limited, the horsepower consumed by the hy-
draulic pump 2 represented by the product of the deliv-
ery rate and the delivery pressure of the hydraulic pump
2 is also limited. Consequently, the engine 1 can be pre-
vented from undergoing overload, and effective use of
output horsepower of the engine 1 can be achieved with-
in a range in which an engine stall does not occur.
[0059] The above control of the tilting angle of the hy-
draulic pump 2 in accordance with the pump absorption
torque curve 20 is called pump absorption torque con-
trol, and the above control of the delivery rate of the hy-
draulic pump 2 is called pump absorption horsepower
control.
[0060] When the earth and sand, for example, is dis-
charged from the bucket 110 in the above-described
condition and the front working device is operated under
no load, the delivery pressure P of the hydraulic pump
2 is reduced from P2. Then, when the pump delivery
pressure P is reduced to, e.g., P3 lower than P1, the
tilting-angle modification value computing section 83
computes the modification value S = S1 and the second
target pump tilting-angle computing section 82 com-
putes the second target tilting θT = θmax1, whereby a
value resulting from adding the modification value S1 to
θmax1 is provided as the second target tilting θT. Hence,
the tilting angle of the hydraulic pump 2 is controlled to
be θmax1 + S1 and the delivery rate of the hydraulic
pump 2 is controlled to be a flow rate Q3 given below:

[0061] Stated otherwise, the tilting angle of the hy-
draulic pump 2 is increased by an amount correspond-
ing to the modification value S1 in comparison with the
first maximum tilting θmax1 that is the tilting angle re-
sulting when the delivery pressure of the hydraulic pump
2 is at P1. The delivery rate of the hydraulic pump 2 is
also increased correspondingly.
[0062] Herein, the modification value S is set such
that it is linearly proportionally increased as the pump
delivery pressure P lowers from P1. More specifically,
as represented by the characteristic line 22, the modi-
fied second target tilting θT is linearly proportionally in-
creased from the first maximum tilting θmax1 to the sec-
ond maximum tilting θmax2 (= θmax1 + Smax) as the
delivery pressure P lowers from P1. In spite of the rev-
olution speed of the engine 1 being held constant in the
range 23 corresponding to the governor region 33 (Fig.
3) with the isochronous control, therefore, the delivery
rate of the hydraulic pump 2 is controlled to gradually
increase as the engine load reduces. Correspondingly,
the operating speeds of the hydraulic actuators, such as
the hydraulic cylinders 3, 5 and 6 and the hydraulic mo-

Q1 = a•θ2•N (a is a constant)

Q3 = a•(θmax1 + S1)•N

tor 4, can be increased. The characteristic represented
by the characteristic line 22 is apparently almost
matched with the drooping characteristic line 31 in the
mechanical governor shown in Fig. 3.
[0063] Figs. 10A and 10B show, respectively, the re-
lationship between a pump delivery pressure P and a
pump tilting θ and the relationship between a pump de-
livery pressure and a pump delivery rate in a prior-art
system including a mechanical governor-equipped en-
gine controlled in a governor region based on a drooping
characteristic.
[0064] In the prior-art system which does not include
the tilting-angle modification value computing section
83, the switching section 84, and the adder 85, shown
in Fig. 6, as the processing functions of a working ma-
chine controller, the pump tilting θ is constant as repre-
sented by a straight line 25 in the range 23 between
Pmin and P1 corresponding to the governor region 33
(Fig. 3). On the other hand, as represented by the bro-
ken line 31 in Fig. 3, the mechanical governor-equipped
engine provides, in the governor region 33, a drooping
characteristic that the engine revolution speed N is in-
creased as the engine output torque (engine load) Te
reduces. In the range 23 between Pmin and P1, there-
fore, the engine revolution speed N is increased as the
pump delivery pressure P lowers from P1. Hence, in
spite of the pump tilting θ being constant, the pump de-
livery rate Q is increased with an increase of the engine
revolution speed N, as represented by a broken line 26.
Consequently, the flow rate of the hydraulic fluid sup-
plied to the hydraulic actuator is increased, whereby the
working speed in the no-load operation can be in-
creased and the working efficiency can be improved.
[0065] Figs. 11A and 11B show, respectively, the re-
lationship between a pump delivery pressure P and a
pump tilting θ and the relationship between a pump de-
livery pressure and a pump delivery rate in a prior-art
system including an engine controlled in a governor re-
gion based on an isochrounous characteristic and in this
embodiment.
[0066] In the governor region 33 of the engine con-
trolled in the governor region based on the isochrounous
characteristic, as represented by the straight line 32 in
Fig. 3, the engine revolution speed N is held constant at
the rated speed N0 regardless of reduction of the engine
output torque Te. In the range 23 between Pmin and P1
corresponding to the governor region 33, therefore,
when the pump tilting θ is constant as represented by a
one-dot-chain line 27, the pump delivery rate Q is also
constant as represented by a one-dot-chain line 28 in
Fig. 11B. In contrast, according to this embodiment, in
the range 23 between Pmin and Pi corresponding to the
governor region 33, the pump tilting θ is changed as rep-
resented by a straight line 35 corresponding to the char-
acteristic line 22 in Fig. 9 and the pump delivery rate Q
is increased with an increase of the pump tilting θ as
represented by a straight line 36. Thus, in spite of the
engine revolution speed N being constant, the pump de-
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livery rate Q is linearly proportionally increased as the
pump delivery pressure P lowers from P1. As a result,
similarly to the prior-art system shown in Figs. 10A and
10B, the flow rate of the hydraulic fluid supplied to the
hydraulic actuator is increased, whereby the working
speed in the no-load operation can be increased and
the working efficiency can be improved.
[0067] Additionally, in some kinds of operation or
work, such as traveling, load lifting and ground leveling,
it is not desired to increase, as described above, the de-
livery rate of the hydraulic pump 2 when the engine load
is small. In the case of performing that kind of operation
or work, the operator operates a corresponding one of
the switches 17a to 17c of the mode selection switch 17.
Upon the switch operation, the control release signal F
is outputted from the mode selection switch 17 to the
working machine controller 18, whereby the switching
section 84 is turned off and the modification value S of
the target pump tilting is made ineffective. Consequent-
ly, the tilting-angle modification value computing section
83 does not perform the control for increasing the deliv-
ery rate of the hydraulic pump 2 with the aid of the mod-
ification value S.
[0068] Note that the travel mode switch 17a, for ex-
ample, of the mode selection switch 17 may be operated
when a signal from a detecting means for detecting the
operation of the travel control lever is inputted to the
working machine controller 18. This is similarly applied
to the other mode switches 17b, 17c.
[0069] With this embodiment having the construction
described above, in the system including the engine 1
employing the isochronous control, the pump delivery
rate Q can be gradually increased even in the governor
region 33 as the engine load reduces. In other words,
an increase of the pump delivery rate can be achieved
substantially comparably to an increase of the flow rate
in the mechanical governor based on the drooping char-
acteristic. Hence, the hydraulic actuator speed at a
small engine load can be increased and the working ef-
ficiency at a small load, e.g., in no-load work, can be
improved. Further, even an operator, who has been well
experienced in operation of the working machine includ-
ing the mechanical governor-equipped engine, can be
given with a good operation feeling.
[0070] Moreover, in the case of performing the
traveling operation, the load lifting work and the ground
leveling work, the modification value S computed by the
tilting-angle modification value computing section 83 is
made ineffective and the isochronous control is carried
out based on the isochronous characteristic line 32
shown in Fig. 3. Accordingly, the delivery rate of the hy-
draulic pump 2 is held constant regardless of the engine
load, and the hydraulic actuator can be operated at a
constant speed in spite of an increase or decrease of
the engine load. As a result, the traveling operation, the
load lifting work and the ground leveling work can be
satisfactorily performed.
[0071] A second embodiment of the present invention

will be described with reference to Figs. 12 to 17B. In
this embodiment, the present invention is applied to a
hydraulic drive system including an engine equipped
with a fuel injection control unit capable of performing
control in a governor region based on a reverse droop-
ing characteristic.
[0072] An overall construction of the hydraulic drive
system according to this embodiment is essentially the
same as that of the first embodiment, shown in Fig. 1,
except for the following point.
[0073] In this embodiment, the fuel injection control
unit comprising the electronic governor 12 and the en-
gine controller 13, shown in Fig. 1, can perform control
in the governor region based on a reverse drooping
characteristic. Thus, the engine 1 is controlled in the
governor region such that the revolution speed of the
engine 1 is reduced as the engine output torque Te (en-
gine load) reduces.
[0074] Fig. 12 shows the relationship between a rev-
olution speed N and an output torque Te of the engine
1 controlled based on a reverse drooping characteristic.
Referring to Fig. 12, as represented by a straight line
34, the governor region has a reverse drooping charac-
teristic that the engine revolution speed N is reduced as
the engine output torque Te (engine load) reduces. Ac-
cording to the reverse drooping characteristic, in com-
parison with the drooping characteristic and the iso-
chronous characteristic, the engine revolution speed at
a small load is further reduced, whereby lower fuel con-
sumption and less noise can be realized.
[0075] Fig. 13 is a functional block diagram showing
processing functions of a working machine controller 18
according to this embodiment.
[0076] The working machine controller 18 has various
functions executed by a first target pump tilting-angle
computing section 81, a second target pump tilting-an-
gle computing section 82, a first tilting-angle modifica-
tion value computing section 83A, a second tilting-angle
modification value computing section 83B, a 0-setting
section 83C, a switching section 84A, an adder 85, a
minimum value selector 86, a subtracter 87, and a con-
trol current computing section 88.
[0077] Each of the first and second tilting-angle mod-
ification value computing sections 83A, 83B receives
the delivery pressure signal P of the hydraulic pump 2
from the pressure sensor 14 and refers to a table stored
in a memory using the received signal P, thereby com-
puting a modification value S of the second target tilting
θT of the hydraulic pump 2.
[0078] The first tilting-angle modification value com-
puting section 83A serves to modify the tilting angle of
the hydraulic pump 2 such that, in spite of the engine
revolution speed being reduced in the governor region
33 based on the reverse drooping characteristic, the de-
livery rate of the hydraulic pump 2 is increased as the
engine load reduces. The relationship between the de-
livery pressure P and a modification value Sa is set in
the memory table such that, as shown in Fig. 14, when
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the pump delivery pressure P is not lower than P1, the
modification value Sa = 0 is set, and when the delivery
pressure P is lower than P1, the modification value Sa
is linearly proportionally increased as the delivery pres-
sure P lowers.
[0079] The second tilting-angle modification value
computing section 83B serves to modify the tilting angle
of the hydraulic pump 2 such that, in spite of the engine
revolution speed being reduced in the governor region
33 due to the reverse drooping characteristic, the deliv-
ery rate of the hydraulic pump 2 is held constant regard-
less of the engine load. The relationship between the
delivery pressure P and a modification value Sb is set
in the memory table such that, as shown in Fig. 14, when
the pump delivery pressure P is not lower than P1, the
modification value Sb = 0 is set, and when the delivery
pressure P is lower than P1, the modification value Sb
is linearly proportionally increased at a smaller rate than
the modification value Sa computed by the first tilting-
angle modification value computing section 83A as the
delivery pressure P lowers.
[0080] The 0-setting section 83C outputs 0 as the
modification value S.
[0081] The mode selection switch 17A is of the dial
type having three first, second and third shift positions.
[0082] The switching section 84A selects the modifi-
cation value Sa computed by the first tilting-angle mod-
ification value computing section 83A when the mode
selection switch 17A is at a first position, as shown, the
modification value Sb computed by the second tilting-
angle modification value computing section 83B when
the mode selection switch 17A is shifted to a second
position, and the modification value S (= 0) outputted
from by the 0-setting section 83C when the mode selec-
tion switch 17A is shifted to a third position.
[0083] The adder 85 adds, as with the first embodi-
ment, the modification value S selected by the switching
section 84A to the second target tilting θT of the hydrau-
lic pump 2 computed by the second target pump tilting-
angle computing section 82, thereby computing the
modified second target tilting θT.
[0084] Fig. 15 shows the relationship between the
pump delivery pressure P and the second target tilting
θT, which has been modified by the adder 85.
[0085] When the switching section 84A selects the
modification value Sa computed by the first tilting-angle
modification value computing section 83A, the charac-
teristic line 19 in the range 34 corresponding to the gov-
ernor region 33 is modified to a characteristic line 40.
Thus, as the pump delivery pressure P lowers from P1
to Pmin, the modified second target tilting θT is linearly
increased from the first maximum tilting θmax1 to a
fourth maximum tilting θmax4 (= first maximum tilting
θmax1 + Samax). The fourth maximum tilting θmax4 is
set corresponding to, for example, a structural maxi-
mum tilting (pump capability limit) of the hydraulic pump
2.
[0086] When the switching section 84A selects the

modification value Sb computed by the second tilting-
angle modification value computing section 83B, the
characteristic line 19 in the range 34 corresponding to
the governor region 33 is modified to a characteristic line
41. Thus, as the pump delivery pressure P lowers from
P1 to Pmin, the modified second target tilting θT is lin-
early increased from the first maximum tilting θmax1 to
a third maximum tilting θmax3 (= first maximum tilting
θmax1 + Sbmax).
[0087] When the switching section 84A selects the
modification value S = 0 outputted from the 0-setting
section 83C, the characteristic line 19 in the range 34
corresponding to the governor region 33 is not modified,
and the second target tilting θT computed by the second
target pump tilting-angle computing section 82 is out-
putted as it is.
[0088] A characteristic represented by the character-
istic line 40 is apparently almost matched with that rep-
resented by the drooping characteristic line 31 in the
mechanical governor shown in Fig. 12, and a character-
istic represented by the characteristic line 41 is appar-
ently almost matched with that represented by the char-
acteristic line 32 with the isochronous control shown in
Fig. 3.
[0089] The operation of this embodiment having the
above-described construction is essentially the same as
that of the first embodiment except for that the engine 1
is controlled based on the reverse drooping character-
istic and the control for increasing the delivery rate of
the hydraulic pump 2 is performed based on the modi-
fication value Sa or Sb.
[0090] More specifically, assuming, for example, that
the control lever of the control lever device is fully oper-
ated in work such as heavy excavation and θD > θc (=
θT) and P > P1 are satisfied, when the mode selection
switch 17A is shifted to the first position and the modifi-
cation value Sa computed by the first tilting-angle mod-
ification value computing section 83A is selected, the
control for increasing the tilting angle of the hydraulic
pump 2 in accordance with the characteristic line 40
shown in Fig. 15 (i.e., the control for increasing the de-
livery rate) is performed. When the mode selection
switch 17A is shifted to the second position and the mod-
ification value Sb computed by the second tilting-angle
modification value computing section 83b is selected,
the control for increasing the tilting angle of the hydraulic
pump 2 in accordance with the characteristic line 41
shown in Fig. 15 (i.e., the control for holding the delivery
rate) is performed.
[0091] Figs. 16A and 16B show, respectively, the re-
lationship between a pump delivery pressure P and a
pump tilting θ and the relationship between a pump de-
livery pressure and a pump delivery rate in a prior-art
system including an engine controlled in a governor re-
gion based on a reverse drooping characteristic.
[0092] In the case in which the tilting-angle modifica-
tion value computing section 83, the switching section
84, and the adder 85, shown in Fig. 6, are not included

23 24



EP 1 398 512 A1

14

5

10

15

20

25

30

35

40

45

50

55

as the processing functions of a working machine con-
troller, the pump tilting θ is constant as represented by
the straight line 25 in the range 23 between Pmin and
P1 corresponding to the governor region 33. On the oth-
er hand, based on the reverse drooping characteristic,
the engine revolution speed N is decreased as the en-
gine output torque (engine load) Te reduces, as repre-
sented by the straight line 34 in Fig. 12. In the range 23
between Pmin and P1, therefore, the engine revolution
speed N is decreased as the pump delivery pressure P
lowers from P1. Hence, in spite of the pump tilting θ be-
ing constant, the pump delivery rate Q is reduced with
a decrease of the engine revolution speed N, as repre-
sented by a broken line 44. Consequently, the flow rate
of the hydraulic fluid supplied to the hydraulic actuator
is reduced, thus resulting in the problem that the working
speed in the no-load operation is further reduced in com-
parison with that in the isochronous control.
[0093] Figs. 17A and 17B show, respectively, the re-
lationship between the pump delivery pressure P and
the pump tilting θ and the relationship between the pump
delivery pressure and the pump delivery rate in this em-
bodiment.
[0094] In this embodiment, when the modification val-
ue Sa computed by the first tilting-angle modification
value computing section 83A is selected and the char-
acteristic line 19 shown in Fig. 15 is modified to the char-
acteristic line 40, the pump tilting θ is changed as rep-
resented by a straight line 45 corresponding to the char-
acteristic line 40 in Fig. 15 and the pump delivery rate
Q is changed as represented by a straight line 46 with
an increase of the pump tilting θ in the range 23 between
Pmin and P1 corresponding to the governor region 33.
Thus, in spite of the engine revolution speed N being
reduced based on the reverse drooping characteristic,
the pump delivery rate Q is linearly proportionally in-
creased as the pump delivery pressure P lowers from
P1. As a result, similarly to the prior-art system shown
in Figs. 10A and 10B, the flow rate of the hydraulic fluid
supplied to the hydraulic actuator is increased, whereby
the working speed in the no-load operation can be in-
creased and the working efficiency can be improved.
[0095] Also, when the modification value Sb comput-
ed by the second tilting-angle modification value com-
puting section 83B is selected and the characteristic line
19 shown in Fig. 15 is modified to the characteristic line
41, the pump tilting θ is changed as represented by a
straight line 47 corresponding to the characteristic line
41 in Fig. 15 and the pump delivery rate Q is given as
represented by a straight line 48 with an increase of the
pump tilting θ in the range 23 between Pmin and P1 cor-
responding to the governor region 33. Thus, in spite of
the engine revolution speed N being reduced based on
the reverse drooping characteristic, a resulting de-
crease of the pump delivery rate Q is cancelled by an
increase of the pump tilting so that the pump delivery
rate Q is controlled to be held constant. Accordingly, in
the case of performing the operation or work, such as

traveling, load lifting or ground leveling, in which it is not
desired to perform the control for increasing the delivery
rate of the hydraulic pump 2, the hydraulic actuator can
be operated at a constant speed in spite of an increase
or decrease of the engine load. As a result, the traveling
operation, the load lifting work and the ground leveling
work can be satisfactorily performed.
[0096] When the modification value S = 0 is selected
by the 0-setting section 83C and the characteristic line
19 shown in Fig. 15 is not modified, the pump tilting θ is
held constant as represented by a straight line 49 cor-
responding to the characteristic line 19 in Fig. 15 and
the pump delivery rate Q is reduced as represented by
a straight line 50 with a decrease of the pump tilting θ
due to a reduction of the engine revolution speed N
based on the reverse drooping characteristic, as with
the case of Fig. 16B, in the range 23 between Pmin and
P1 corresponding to the governor region 33. As a result,
the fuel consumption can be further reduced.
[0097] This embodiment having the construction de-
scribed above can also provide similar advantages to
those obtainable with the first embodiment in the hy-
draulic drive system including the engine controlled
based on the reverse drooping characteristic. More spe-
cifically, by shifting the mode selection switch 17A to the
first position and selecting the modification value Sa
computed by the first tilting-angle modification value
computing section 83A, the pump delivery rate Q can
be gradually increased even in the governor region 33
as the engine load reduces. In other words, an increase
of the pump delivery rate can be achieved substantially
comparably to an increase of the flow rate in the me-
chanical governor based on the drooping characteristic.
Hence, the hydraulic actuator speed at a small engine
load can be increased and the working efficiency at a
small load, e.g., in no-load work, can be improved. Fur-
ther, even an operator, who has been well experienced
in operation of the working machine including the me-
chanical governor-equipped engine 1, can be given with
a good operation feeling.
[0098] Also, in the case of performing the traveling op-
eration, the load lifting work and the ground leveling
work, by shifting the mode selection switch 17A to the
second position and selecting the modification value Sb
computed by the second tilting-angle modification value
computing section 83B, the delivery rate of the hydraulic
pump 2 is held constant regardless of the engine load,
and the hydraulic actuator can be operated at a constant
speed in spite of an increase or decrease of the engine
load. Hence, the traveling operation, the load lifting work
and the ground leveling work can be satisfactorily per-
formed.
[0099] Further, with this embodiment, since the hy-
draulic pump 2 is driven using the engine controlled
based on the reverse drooping characteristic, the en-
gine revolution speed at a small load can be further re-
duced in comparison with that in the first embodiment
using the engine controlled based on the isochronous

25 26



EP 1 398 512 A1

15

5

10

15

20

25

30

35

40

45

50

55

characteristic, whereby even smaller fuel consumption
and even less noise can be realized.
[0100] Moreover, in the case of performing light exca-
vation with top priority given to fuel consumption, by
shifting the mode selection switch 17A to the third posi-
tion and selecting the set value S = 0 from the 0-setting
section 83C, the delivery rate of the hydraulic pump 2 is
reduced and the fuel consumption can be further cut
down.
[0101] A third embodiment of the present invention
will be described with reference to Figs. 18 to 20.
[0102] While in the above-described embodiment the
present invention is applied to the hydraulic drive sys-
tem including the engine controlled in the governor re-
gion based on the isochronous or reverse drooping
characteristic, the characteristic in the governor region
is not limited to that one. In this embodiment represent-
ing such one example, the present invention is applied
to the hydraulic drive system including the engine con-
trolled in the governor region based on a characteristic
in combination of the isochronous characteristic and the
reverse drooping characteristic.
[0103] Fig. 18 shows the relationship between the
revolution speed N and the output torque Te of the en-
gine controlled in the governor region based on a char-
acteristic in combination of the isochronous character-
istic and the reverse drooping characteristic. Referring
to Fig. 18, the governor region 33 has a characteristic
90 in combination of the isochronous characteristic that
the engine revolution speed N is held at a constant val-
ue, i.e., a rated speed N0 in spite of a decrease of the
engine output torque Te (engine load), as represented
by a straight line 90a, and the reverse drooping charac-
teristic that the engine revolution speed N is reduced as
the engine output torque Te decreases, as represented
by a straight line 90b. According to the characteristic 90,
the engine revolution speed can be held constant at a
medium load based on the isochronous characteristic
so that noise and fuel consumption are reduced while
ensuring a certain actuator speed, and a further reduc-
tion of noise and fuel consumption can be realized
based on the reverse drooping characteristic in the
small-load operation in which the engine load is smaller
than a medium value.
[0104] Fig. 19 is a graph showing a characteristic of
the pump tilting modification value S computed by the
tilting-angle modification value computing section 83
(see Fig. 6) when the engine has the above-mentioned
characteristic 90. The characteristic of the pump tilting
modification value S is represented by a kinked line cor-
responding to the two characteristics of the straight lines
90a and 90b shown in Fig. 18.
[0105] Fig. 20 is a characteristic graph showing the
relationship between the delivery pressure signal and
the second target tilting, similar to that of Fig. 9, but re-
sulting when the modification value S computed by the
tilting-angle modification value computing section 83
has the characteristic shown in Fig. 19. By adding the

modification value S to the second target tilting θT, the
characteristic line 19 is modified, as indicated by a char-
acteristic line 91, to provide a characteristic represented
by a kinked line similar to that representing the modifi-
cation value S. In work such as heavy excavation in
which the tilting angle of the hydraulic pump 2 is limited
to the second target tilting θT, therefore, the pump tilting
θ is changed as represented by a characteristic line 91
and the delivery rate of the hydraulic pump is changed
as represented by the straight line 36, shown in Fig. 11B,
in the range 23 between Pmin and P1 corresponding to
the governor region 33. Hence, the control for increasing
the pump delivery rate can be performed as with the first
embodiment.
[0106] While, in the above-described embodiments,
the characteristic of the modification value S for increas-
ing the pump delivery rate at a small engine load, at
which the pump delivery pressure P is not larger than
P1, is set to be able to perform the control for increasing
the pump delivery rate substantially in match with the
drooping characteristic in the mechanical governor, the
present invention is not limited to setting of such a de-
livery rate characteristic. For example, the gradient of
the characteristic line representing the pump tilting mod-
ification value S, shown in Fig. 8, may be set so that the
pump delivery rate is increased at a larger rate than that
based on the drooping characteristic, or vice versa. Al-
so, even when the governor region has a characteristic
not in combination of the isochronous characteristic and
the reverse drooping characteristic, the characteristic
line representing the pump tilting modification value S,
shown in Fig. 8, may be set to a kinked line. Further, the
characteristic line representing the pump tilting modifi-
cation value S may be a curved line instead of a straight
line.
[0107] While, in the above-described embodiments,
the pump delivery pressure, at which the modification
value S is set to 0, is matched with P1, i.e., the pressure
for staring the control in accordance with the pump ab-
sorption torque curve 20, it may be set to a value lower
than P1.
[0108] Moreover, in the above-described embodi-
ments, the characteristic of the modification value S for
increasing the pump delivery rate at a small engine load,
at which the pump delivery pressure P is not larger than
P1, is set to a single characteristic corresponding to the
drooping characteristic. However, one or plural charac-
teristics may be set in addition to that corresponding to
the drooping characteristic so that the operator can se-
lect one of those characteristics by shifting a mode se-
lection switch. As an alternative, the mode selection
switch may be of the dial type capable of changing its
output continuously so as to vary the characteristic of
the modification value S in a continuous manner. This
enables a working machine to have plural kinds of op-
eration performance and allows the operator to select
the desired operating speed by himself while maintain-
ing the advantageous merits of the isochronous charac-
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teristic or the reverse drooping characteristic, i.e., lower
fuel consumption and less noise.
[0109] While, in the above-described embodiments,
an actuator section of the fuel injection control unit ca-
pable of performing control based on the isochronous
characteristic or the reverse drooping characteristic is
constituted as the electronic governor 12, the present
invention is not limited to it. A common rail type fuel in-
jection control unit or a unit injector type fuel injection
control unit may instead be provided which can control
the amount of injected fuel regardless of the engine rev-
olution speed.
[0110] Furthermore, in the above-described embodi-
ments, command values for the tilting angle control of
the hydraulic pump 2 depending on the demanded flow
rate, the absorption torque control (absorption horse-
power control) of the hydraulic pump 2, and the control
for increasing the tilting angle of the hydraulic pump,
which is a feature of the present invention, are all com-
puted by the working machine controller 18, and the tilt-
ing angle of the hydraulic pump is controlled by sending
the control current signal to the regulator 16. However,
a part of those control processes (e.g., the tilting angle
control of the hydraulic pump 2 depending on the de-
manded flow rate and the absorption torque control (ab-
sorption horsepower control) of the hydraulic pump 2)
may be hydraulically performed using a regulator. Addi-
tionally, while, in the above-described embodiments, the
tilting angle of the hydraulic pump 2 is detected by the
tilting angle sensor 15 and controlled via a feedback
loop so that the tilting angle is matched with the target
tilting angle, the tilting angle of the hydraulic pump may
be controlled via an open loop without providing the tilt-
ing angle sensor 15.

Industrial Applicability

[0111] According to the present invention, in a hy-
draulic drive system including an engine in which at least
a part of a governor region can be controlled based on
an isochronous characteristic, a reverse drooping char-
acteristic, or a combined one of the isochronous char-
acteristic and the reverse drooping characteristic, the
delivery rate of an hydraulic pump can be increased
even in the governor region as the engine load reduces.
Therefore, the hydraulic actuator speed at a small en-
gine load can be increased comparably to a system in-
cluding a mechanical governor-equipped engine and
the working efficiency at the small load can be improved.
[0112] Also, even an operator, who has been well ex-
perienced in operation of a working machine including
the mechanical governor-equipped engine, can be giv-
en with a good operation feeling.
[0113] Further, according to the present invention, by
selectively performing the control for holding constant
the delivery rate of the hydraulic pump, certain hydraulic
actuators can be operated at a constant speed in spite
of an increase or decrease of the engine load. As a re-

sult, it is possible to satisfactorily perform the operation
or work desired by the operator.

Claims

1. A hydraulic drive system for a working machine
comprising:

an engine (1) having a fuel injection control unit
(12, 13) capable of performing control in at least
a part of a governor region based on an iso-
chronous characteristic, a reverse drooping
characteristic, or a combined one of the iso-
chronous characteristic and the reverse droop-
ing characteristic;
a variable displacement hydraulic pump (2)
driven by said engine; and
a plurality of hydraulic actuators (3-6) driven by
a hydraulic fluid delivered from said hydraulic
pump,

wherein said hydraulic drive system compris-
es pump absorption torque control means (82) for
controlling a displacement of said hydraulic pump
such that, when a delivery pressure of said hydrau-
lic pump exceeds a first predetermined pressure
(P1), the displacement of said hydraulic pump does
not exceed a value decided in accordance with a
preset pump absorption torque curve (20); and

flow rate compensation control means (83,
85; 17A, 83A, 83B, 84A, 85) for controlling the dis-
placement of said hydraulic pump such that, when
the delivery pressure of said hydraulic pump is not
higher than the first predetermined pressure (P1),
the displacement of said hydraulic pump is in-
creased as the delivery pressure of said hydraulic
pump lowers from a second predetermined pres-
sure (P1).

2. A hydraulic drive system for a working machine
comprising:

an engine (1) having a fuel injection control unit
(12, 13) capable of performing control in at least
a part of a governor region based on an iso-
chronous characteristic, a reverse drooping
characteristic, or a combined one of the iso-
chronous characteristic and the reverse droop-
ing characteristic;
a variable displacement hydraulic pump (2)
driven by said engine; and
a plurality of hydraulic actuators (3-6) driven by
a hydraulic fluid delivered from said hydraulic
pump,

wherein said hydraulic drive system compris-
es a regulator (16) for controlling a displacement of
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said hydraulic pump (2);
a pressure sensor (14) for detecting a delivery

pressure of said hydraulic pump;
pump absorption torque control means (82)

for controlling said regulator (16) such that, when
the delivery pressure of said hydraulic pump detect-
ed by said pressure sensor exceeds a first prede-
termined pressure (P1), the displacement of said
hydraulic pump does not exceed a value decided in
accordance with a preset pump absorption torque
curve (20); and

flow rate compensation control means (83,
85; 17A, 83A, 83B, 84A, 85) for controlling said reg-
ulator (16) such that, when the delivery pressure of
said hydraulic pump is not higher than the first pre-
determined pressure (P1), the displacement of said
hydraulic pump is increased as the delivery pres-
sure of said hydraulic pump lowers from a second
predetermined pressure (P1).

3. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, wherein said second pre-
determined pressure (P1) is matched with said first
predetermined pressure (P1).

4. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, further comprising control
release means (17, 84; 17A, 83C) for making inef-
fective the control for increasing the displacement
of said hydraulic pump executed by said flow rate
compensation control means (83, 85; 17A, 83A,
83B, 84A, 85).

5. A hydraulic drive system for a working machine ac-
cording to Claim 4, wherein said fuel injection con-
trol unit (12, 13) is capable of performing control in
at least a part of the governor region based on the
isochronous characteristic, and

said control release means (17, 84) includes
at least one of a travel mode switch (17a), a load
lifting mode switch (17b), and a ground leveling
mode switch (17c).

6. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, wherein said flow rate com-
pensation control means (83, 85; 17A, 83A, 84A,
85) controls the displacement of said hydraulic
pump such that the delivery rate of said hydraulic
pump (2) is increased as the delivery pressure of
said hydraulic pump lowers from the second prede-
termined pressure (P1).

7. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, wherein said fuel injection
control unit (12, 13) is capable of performing control
in at least a part of the governor region based on
the reverse drooping characteristic, and

said flow rate compensation control means

(17A, 83A, 83B, 84A, 85) comprises first means
(83A, 85) for controlling the displacement of said hy-
draulic pump such that the delivery rate of said hy-
draulic pump (2) is increased as the delivery pres-
sure of said hydraulic pump lowers from the second
predetermined pressure (p1), second means (83B,
85) for controlling the displacement of said hydrau-
lic pump such that the delivery rate of said hydraulic
pump is held constant when the delivery pressure
of said hydraulic pump lowers from the second pre-
determined pressure (P1), and selecting means
(17A, 84A) for selecting one of said first means and
said second means.

8. A hydraulic drive system for a working machine ac-
cording to Claim 7, wherein said flow rate compen-
sation control means (17A, 83A, 83B, 84A, 85) fur-
ther comprises third means (83C) for making inef-
fective the control for increasing the displacement
of said hydraulic pump (2), and said selecting
means (17A, 84A) selects one of said first means,
said second means and said third means.

9. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, wherein said pump absorp-
tion torque control means (82) has means (82) for
computing a target displacement (θT) for pump ab-
sorption torque control from the delivery pressure
of said hydraulic pump (2) and said pump absorp-
tion torque curve, and holding said target displace-
ment at a constant value (θmax1) when the delivery
pressure of said hydraulic pump is not higher than
the first predetermined pressure (P1), and

said flow rate compensation control means
(83, 85; 17A, 83A, 83B, 84A, 85) comprises means
(83; 83A, 83B) for computing a displacement mod-
ification value (S) that is increased as the delivery
pressure of said hydraulic pump lowers from the
second predetermined pressure (P1), and means
for computing a modified second displacement (θT)
by adding said displacement modification value to
said target displacement, the displacement of said
hydraulic pump being controlled in accordance with
said modified target displacement.

10. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2, wherein said pump absorp-
tion torque control means (82) is means for limiting
a maximum value of the displacement of said hy-
draulic pump (2) to be not larger than the value de-
cided in accordance with said pump absorption
torque curve (20), and

said flow rate compensation control means
(83, 85; 17A, 83A, 83B, 84A, 85) is means for con-
trolling the maximum value of the displacement of
said hydraulic pump such that the maximum value
is increased as the delivery pressure of said hydrau-
lic pump lowers from the second predetermined
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pressure.

11. A hydraulic drive system for a working machine ac-
cording to Claim 1 or 2,

further comprising first computing means (81)
for computing a first target displacement (θD) de-
pending on demanded flow rates of said plurality of
hydraulic actuators (3-6),

wherein said pump absorption torque control
means (82) has second computing means (82) for
computing a second target displacement (θT) for
pump absorption torque control from the delivery
pressure of said hydraulic pump (2) and said pump
absorption torque curve (20), and holding said tar-
get displacement at a constant value (θmax1) when
the delivery pressure of said hydraulic pump is not
higher than the first predetermined pressure (P1),
and

said flow rate compensation control means
(83, 85; 17A, 83A, 83B, 84A, 85) comprises means
(82; 83A, 83B) for computing a displacement mod-
ification value (S) that is increased as the delivery
pressure of said hydraulic pump lowers from the
second predetermined pressure (P1), and means
(85) for computing a modified second target dis-
placement (θT) by adding said displacement modi-
fication value to said second target displacement,

the displacement of said hydraulic pump be-
ing controlled by selecting smaller one of said first
target displacement and said modified second tar-
get displacement as a target displacement for con-
trol.

12. A hydraulic drive method for a working machine
comprising:

an engine (1) having a fuel injection control unit
(12, 13) capable of performing control in at least
a part of a governor region based on an iso-
chronous characteristic, a reverse drooping
characteristic, or a combined one of the iso-
chronous characteristic and the reverse droop-
ing characteristic;
a variable displacement hydraulic pump (2)
driven by said engine; and
a plurality of hydraulic actuators (3-6) driven by
a hydraulic fluid delivered from said hydraulic
pump,

wherein when a delivery pressure of said hy-
draulic pump (2) exceeds a first predetermined
pressure (P1), a displacement of said hydraulic
pump is controlled such that the displacement of
said hydraulic pump does not exceed a value de-
cided in accordance with a preset pump absorption
torque curve (20), and

when the delivery pressure of said hydraulic
pump is not higher than the first predetermined

pressure (P1), the displacement of said hydraulic
pump is controlled such that the displacement of
said hydraulic pump is increased as the delivery
pressure of said hydraulic pump lowers from a sec-
ond predetermined pressure (P1).

13. A hydraulic drive method for a working machine ac-
cording to Claim 12, wherein when the delivery
pressure of said hydraulic pump is not higher than
the first predetermined pressure (P1), one of the
control for increasing the displacement of said hy-
draulic pump as the delivery pressure of said hy-
draulic pump lowers from the second predeter-
mined pressure (P1) and control for holding the dis-
placement of said hydraulic pump constant is se-
lectable.

14. A hydraulic drive method for a working machine ac-
cording to Claim 12, wherein when the delivery
pressure of said hydraulic pump is not higher than
the first predetermined pressure (P1), the displace-
ment of said hydraulic pump is controlled such that
a delivery rate of said hydraulic pump is increased
as the delivery pressure of said hydraulic pump low-
ers from the second predetermined pressure (P1).

15. A hydraulic drive method for a working machine ac-
cording to Claim 12, wherein said fuel injection con-
trol unit (12, 13) is capable of performing control in
at least a part of the governor region based on the
reverse drooping characteristic, and

when the delivery pressure of said hydraulic
pump is not higher than the first predetermined
pressure (P1), one of the control for increasing the
displacement of said hydraulic pump such that the
delivery rate of said hydraulic pump is increased as
the delivery pressure of said hydraulic pump (2)
lowers from the second predetermined pressure
(P1), and control for increasing the displacement of
said hydraulic pump such that the delivery rate of
said hydraulic pump is held constant as the delivery
pressure of said hydraulic pump lowers from the
second predetermined pressure (P1) is selectable.
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