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(54) WORK MACHINE

(57)  Aworking machine includes a machine body (2),
a first hydraulic actuator (C3, AC1) mounted on the ma-
chine body, a first control valve (V2, AV) that controls the
first hydraulic actuator, a controller (U1) that controls the
first control valve, and a second hydraulic actuator (AC,
M1) that is different from the first hydraulic actuator.
When the second hydraulic actuator and the first hydrau-
lic actuator are operated in combination, the controller
(U1) reduces the amount of change (53, 62, 153) in the
flow rate of a hydraulic fluid supplied from the first control
valve to the first hydraulic actuator with respect to chang-
es in a manipulation amount to operate the first hydraulic
actuator to a value smaller than that when the first hy-
draulic actuator is solely operated.
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Description
Technical Field

[0001] The presentinvention relates to a working ma-
chine such as a backhoe.

Background Art

[0002] In the related art, a working machine disclosed
in PTL 1 is known.

[0003] The working machine disclosed in PTL 1 in-
cludes a boom that is supported on a machine body so
as to be vertically swingable. The boom is driven by a
boom cylinder.

[0004] The working machine disclosedin PTL 1 further
includes a traveling device that is capable of traveling
and that supports the machine body. The traveling device
is driven by a traveling motor that is a hydraulic motor.

Citation List
Patent Literature

[0005] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2009-79366

Summary of Invention
Technical Problem

[0006] Forexample, when a boom cylinder and anoth-
er hydraulic actuator different from the boom cylinder are
operated in combination, there is a case where a boom
and another member that is driven by the other hydraulic
actuator do not move harmoniously.

[0007] Inaddition, when another hydraulic actuator dif-
ferent from a traveling motor is operated while a working
machine is traveling, there is a problem in that the flow
rate of a hydraulic fluid supplied to the traveling motor
decreases as a result of some of the hydraulic fluid being
supplied to the other hydraulic actuator, so that the
traveling speed of the working machine decreases, which
in turn results in a shock.

[0008] The present invention has been made in view
of the above problem, and it is an object of the present
invention to provide a working machine capable of caus-
ing a member that is operated by a first hydraulic actuator
and a member that is operated by a second hydraulic
actuator to move harmoniously.

[0009] It is another object of the present invention to
provide a working machine capable of suppressing a re-
duction of the traveling speed of the working machine
that occurs when another hydraulic actuator different
from a traveling motor is operated while the working ma-
chine is traveling.
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Solution to Problem

[0010] A working machine according to an aspect of
the present invention includes a machine body, a first
hydraulic actuator mounted on the machine body, a first
control valve to control the first hydraulic actuator, a con-
troller to control the first control valve, and a second hy-
draulic actuator that is different from the first hydraulic
actuator. When the second hydraulic actuator and the
first hydraulic actuator are operated in combination, the
controller reduces an amount of change in a flow rate of
ahydraulic fluid thatis supplied from the first control valve
to the first hydraulic actuator with respect to a change in
a manipulation amount to operate the first hydraulic ac-
tuator to a value smaller than an amount of change in
the flow rate of the hydraulic fluid with respect to the
change in the manipulation amount to operate the first
hydraulic actuator when the first hydraulic actuator is
solely operated.

[0011] The working machine further includes a boom
supported on the machine body in such a manner as to
be vertically swingable. The first hydraulic actuator is a
boom cylinder to cause the boom to vertically swing. The
first control valve is a boom control valve to control the
boom cylinder. The second hydraulic actuator is another
hydraulic actuator thatis different from the boom cylinder.
[0012] The controllerincludes a boom flow-rate reduc-
ing unit to reduce, when the boom cylinder is operated
while the other hydraulic actuator is operated, the flow
rate of the hydraulic fluid supplied from the boom control
valve to the boom cylinder to thereby reduce the amount
of change in the flow rate.

[0013] The boom control valve is pilot-operated by a
pilot control pressure that is controlled by a control signal
transmitted by the controller. The boom flow-rate reduc-
ing unit reduces the pilot control pressure when the boom
cylinder is operated while the other hydraulic actuator is
operated.

[0014] The boom control valve is controlled in accord-
ance with a current that is supplied to the boom control
valve by the controller. The boom flow-rate reducing unit
reduces the current supplied to the boom control valve
when the boom cylinder is operated while the other hy-
draulic actuator is operated.

[0015] The working machine further includes an arm
connected to an end of the boom in such a manner as
to be swingable in an arm-crowd direction that is a direc-
tion toward the boom and an arm-dump direction that is
a direction away from the boom and an arm cylinder to
cause the arm to swing. The other hydraulic actuator is
the arm cylinder. When the boom cylinder is operated
while the arm cylinder is operated, the boom flow-rate
reducing unit reduces the flow rate of the hydraulic fluid
supplied from the boom control valve to the boom cylin-
der.

[0016] The boom flow-rate reducing unit reduces the
flow rate of the hydraulic fluid supplied from the boom
control valve to the boom cylinder when the boom is
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raised while swinging the arm in the arm-crowd direction
or when the boom is lowered while swinging the arm in
the arm-dump direction.

[0017] The working machine further includes a manip-
ulator manipulable to operate the boom cylinder, the ma-
nipulation amount being defined as a manipulation
amountof the manipulator. The controllerincludes a con-
trol unit to control the flow rate of the hydraulic fluid sup-
plied from the boom control valve to the boom cylinder
in accordance with the manipulation amount of the ma-
nipulator when the boom cylinder is solely operated. The
boom flow-rate reducing unit causes the hydraulic fluid
supplied from the boom control valve to the boom cylinder
to have a flow rate with respect to the manipulation
amount of the manipulator that is lower than a flow rate
of the hydraulic fluid controlled by the control unit in ac-
cordance with the manipulation amount.

[0018] The controller includes a boom flow-rate in-
creasing unit to determine the flow rate of the hydraulic
fluid supplied from the boom control valve with respect
to the manipulation amount to operate the boom cylinder
when the other hydraulic actuator and the boom cylinder
are operated in combination so that, when the manipu-
lation amount to operate the boom cylinder is a manipu-
lation amount adjacent to a pre-operation region to start
operating the boom control valve, the flow rate deter-
mined by the boom flow-rate increasing unit is higher
than the flow rate of the hydraulic fluid supplied from the
boom control valve with respect to the manipulation
amount to operate the boom cylinder when the boom
cylinder is solely operated, and so that, as the manipu-
lation amount to operate the boom cylinder increases, a
difference between the flow rate of the hydraulic fluid with
respect to the manipulation amount to operate the boom
cylinder when the other hydraulic actuator and the boom
cylinder are operated in combination and the flow rate of
the hydraulic fluid from the boom control valve with re-
spect to the manipulation amount to operate the boom
cylinder when the boom cylinder is solely operated re-
duces to thereby reduce the amount of change in the flow
rate when the other hydraulic actuator and the boom cyl-
inder are operated in combination.

[0019] The boom control valve is pilot-operated by a
pilot control pressure controlled by a control signal trans-
mitted by the controller. The boom flow-rate increasing
unit increases the pilot control pressure when the other
hydraulic actuator and the boom cylinder are operated
in combination.

[0020] The boom control valve is controlled in accord-
ance with a current supplied to the boom control valve
by the controller. The boom flow-rate increasing unit in-
creases the current supplied to the boom control valve
when the other hydraulic actuator and the boom cylinder
are operated in combination.

[0021] The working machine further includes an arm
connected to an end of the boom in such a manner as
to be swingable in an arm-crowd direction that is a direc-
tion toward the boom and an arm-dump direction that is
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a direction away from the boom and an arm cylinder to
cause the arm to swing. The other hydraulic actuator is
the arm cylinder. When the boom cylinder is operated
while the arm cylinder is operated, the boom flow-rate
increasing unit increases the flow rate of the hydraulic
fluid supplied from the boom control valve to the boom
cylinder.

[0022] The boom flow-rate increasing unit increases
the flow rate of the hydraulic fluid supplied from the boom
control valve to the boom cylinder when the boom is
raised while swinging the arm in the arm-crowd direction
or when the boom is lowered while swinging the arm in
the arm-dump direction.

[0023] The working machine further includes a manip-
ulator manipulable to operate the boom cylinder, the ma-
nipulation amount being defined as a manipulation
amount of the manipulator. The controller includes a con-
trol unit to control the flow rate of the hydraulic fluid sup-
plied from the boom control valve to the boom cylinder
in accordance with the manipulation amount of the ma-
nipulator when the boom cylinder is solely operated. The
boom flow-rate increasing unit causes the hydraulic fluid
supplied from the boom control valve to the boom cylinder
to have a flow rate with respect to the manipulation
amount of the manipulator that is higher than a flow rate
of the hydraulic fluid controlled by the control unit in ac-
cordance with the manipulation amount.

[0024] The controller does not allow the boom flow-
rate increasing unit to function when the other hydraulic
actuator is operated while the boom cylinder is solely
operated in a direction in which the boom is raised.
[0025] The working machine further includes a
traveling device to travel and support the machine body.
The second hydraulic actuator is a traveling motor de-
fined as a hydraulic motor to drive the traveling device.
The first hydraulic actuator is another hydraulic actuator
that is different from the traveling motor. The first control
valve is an actuator control valve to control the other hy-
draulic actuator. The controller includes an actuator flow-
rate reducing unit to reduce the flow rate of the hydraulic
fluid supplied from the actuator control valve to the other
hydraulic actuator when the other hydraulic actuator is
operated while the traveling motor is driven.

[0026] The actuator control valve is pilot-operated by
a pilot control pressure that is controlled by a control sig-
nal transmitted by the controller. The actuator flow-rate
reducing unit reduces the pilot control pressure when the
other hydraulic actuator is operated while the traveling
device is driven.

[0027] The actuator control valve is controlled in ac-
cordance with a current supplied to the actuator control
valve by the controller. The actuator flow-rate reducing
unit reduces the current supplied to the actuator control
valve when the other hydraulic actuator is operated while
the traveling device is driven.

[0028] The working machine further includes a manip-
ulator manipulable to operate the other hydraulic actua-
tor, the manipulation amount being defined as a manip-
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ulation amount of the manipulator. The controller in-
cludes a control unit to control the flow rate of the hy-
draulic fluid supplied from the actuator control valve to
the other hydraulic actuator in accordance with the ma-
nipulation amount of the manipulator when the other hy-
draulic actuator is solely operated. The actuator flow-rate
reducing unit causes the hydraulic fluid supplied from the
actuator control valve to the other hydraulic actuator to
have a flow rate with respect to the manipulation amount
of the manipulator that is lower than a flow rate of the
hydraulic fluid controlled by the control unitin accordance
with the manipulation amount.

[0029] The working machine further includes a boom
cylinder to drive a boom supported on the machine body
in such a manner as to be vertically swingable, an arm
cylinder to drive an arm connected to an end of the boom
in such a manner as to be swingable, a working-tool cyl-
inder to drive a working tool connected to an end of the
arm, and a slewing motor to cause the machine body to
turn around an axis extending in a vertical direction and
that is a hydraulic motor. The other hydraulic actuator
includes at least one of the boom cylinder, the arm cyl-
inder, the working-tool cylinder, and the slewing motor.

[0030] Theworkingmachine furtherincludes avariable
displacement pump to deliver a hydraulic fluid to actuate
a plurality of hydraulic actuators including the first hy-
draulic actuator and the second hydraulic actuator and
a load sensing system to control the pump such that a
differential pressure obtained by subtracting the highest
load pressure among load pressures of the plurality of
hydraulic actuators from a delivery pressure of the pump
is kept constant.

[0031] Aworking machine according to another aspect
of the present invention includes a machine body, a
traveling device to travel and support the machine body,
a traveling motor defined as a hydraulic motor to drive
the traveling device, another hydraulic actuator that is
different from the traveling motor, an actuator control
valve to control the other hydraulic actuator, and a con-
troller to control the actuator control valve. The controller
includes an actuator flow-rate reducing unit to reduce a
flow rate of a hydraulic fluid that is supplied from the ac-
tuator control valve to the other hydraulic actuator when
the other hydraulic actuator is operated while the
traveling device is driven.

[0032] The actuator control valve is pilot-operated by
a pilot control pressure that is controlled by a control sig-
nal transmitted by the controller. The actuator flow-rate
reducing unit reduces the pilot control pressure when the
other hydraulic actuator is operated while the traveling
device is driven.

[0033] The actuator control valve is controlled in ac-
cordance with a current supplied to the actuator control
valve by the controller. The actuator flow-rate reducing
unit reduces the current supplied to the actuator control
valve when the other hydraulic actuator is operated while
the traveling device is driven.

[0034] The working machine further includes a manip-

10

15

20

25

30

35

40

45

50

55

ulator manipulable to operate the other hydraulic actua-
tor, the manipulation amount being defined as a manip-
ulation amount of the manipulator. The controller in-
cludes a control unit to control the flow rate of the hy-
draulic fluid supplied from the actuator control valve to
the other hydraulic actuator in accordance with the ma-
nipulation amount of the manipulator when the other hy-
draulic actuator is solely operated. The actuator flow-rate
reducing unit causes the hydraulic fluid supplied from the
actuator control valve to the other hydraulic actuator to
have a flow rate with respect to the manipulation amount
of the manipulator that is lower than a flow rate of the
hydraulicfluid controlled by the control unitinaccordance
with the manipulation amount.

[0035] The working machine further includes a boom
cylinder to drive a boom supported on the machine body
in such a manner as to be vertically swingable, an arm
cylinder to drive an arm connected to an end of the boom
in such a manner as to be swingable, a working-tool cyl-
inder to drive a working tool connected to an end of the
arm, and a slewing motor to cause the machine body to
turn around an axis extending in a vertical direction and
that is a hydraulic motor. The other hydraulic actuator
includes at least one of the boom cylinder, the arm cyl-
inder, the working-tool cylinder, and the slewing motor.
[0036] Theworkingmachine furtherincludes avariable
displacement pump to deliver a hydraulic fluid to actuate
a plurality of hydraulic actuators including the traveling
motor and the other hydraulic actuator and aload sensing
system to control the pump such that a differential pres-
sure obtained by subtracting the highest load pressure
among load pressures of the plurality of hydraulic actu-
ators from a delivery pressure of the pump is kept con-
stant.

Advantageous Effects of Invention

[0037] According to the above-described working ma-
chine, when the first hydraulic actuator and the second
hydraulic actuator are operated in combination, a mem-
ber that is operated by the first hydraulic actuator and a
member thatis operated by the second hydraulic actuator
can be moved harmoniously.

[0038] In addition, according to the above-described
working machine, when the other hydraulic actuator,
which is different from the traveling motor, is operated
while the working machine is traveling, the flow rate of
the hydraulic fluid supplied to the traveling motor can be
ensured by reducing the flow rate of the hydraulic fluid
supplied to the other hydraulic actuator from the actuator
control valve, so that a reduction of the traveling speed
of the working machine can be suppressed.

Brief Description of Drawings
[0039]

[FIG. 1] FIG. 1 a side view of a working machine.
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[FIG. 2] FIG. 2 is a plan view of the working machine.
[FIG. 3] FIG. 3 is a schematic diagram of a hydraulic
system.

[FIG. 4] FIG. 4 is a circuit diagram of part of the hy-
draulic system.

[FIG. 5] FIG. 5 is a circuit diagram of a portion of a
control valve.

[FIG. 6] FIG. 6 is a circuit diagram of another portion
of the control valve.

[FIG. 7] FIG. 7 is a circuit diagram of another portion
of the control valve.

[FIG. 8] FIG. 8 is a simplified diagram of a control
system according to a first embodiment.

[FIG. 9] FIG. 9 is a graph illustrating a relationship
between the manipulation amount of a manipulator
according to the first embodiment and the flow rate
of a hydraulic fluid.

[FIG. 10] FIG. 10 is a diagram illustrating a configu-
ration including a different type of control valve and
other components.

[FIG. 11] FIG. 11 is a diagram illustrating a configu-
ration including a different type of control valve and
other components.

[FIG. 12] FIG. 12 is a simplified diagram of a control
system according to a second embodiment.

[FIG. 13] FIG. 13 is a graph illustrating a relationship
between the manipulation amount of a manipulator
according to the second embodiment and the flow
rate of a hydraulic fluid.

[FIG. 14] FIG. 14 is a simplified diagram of a control
system according to a third embodiment.

[FIG. 15] FIG. 15 is a graph illustrating a relationship
between the manipulation amount of a manipulator
according to the third embodiment and the flow rate
of a hydraulic fluid.

Description of Embodiments

[0040] Embodiments of the present invention will be
described below with reference to the drawings as nec-
essary.

[0041] FIG. 1 a schematic side view of the overall con-

figuration of a working machine 1 according to the first
embodiment. FIG. 2 is a schematic plan view of the work-
ing machine 1. In the present embodiment, a backhoe,
which is a slewable working machine, is described as an
example of the working machine 1.

[0042] As illustrated in FIG. 1 and FIG. 2, the working
machine 1 includes a machine body (a slewing base) 2,
a traveling device 3, and a working device 4. A cabin 5
is mounted on the machine body 2. An operator’s seat 6
at which an operator (a driver) sits is disposed inside the
cabin 5.

[0043] In the present embodiment, a direction toward
the front of an operator sitting at the operator’s seat 6 of
the working machine 1 (the direction of arrow A1 in FIG.
1 and FIG. 2) will be defined as forward (toward the front
of the machine body), and a direction toward the rear of
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the operator (the direction of arrow A2 in FIG. 1 and FIG.
2) will be defined as rearward (toward the rear of the
machine body). In FIG. 1 and FIG. 2, the longitudinal
direction (a machine-body depth direction) is indicated
by arrows K1. In addition, a direction toward the left of
the operator (the nearsidein FIG. 1, the direction of arrow
A3 in FIG. 2) will be defined as leftward, and a direction
toward the right of the operator (the far side in FIG. 1,
the direction of arrow A4 in FIG. 2) will be defined as
rightward. The horizontal direction, which is a direction
perpendicular to the longitudinal direction (the machine-
body depth direction) K1 will be referred to as a machine-
body width direction K2 (see FIG. 2).

[0044] As illustrated in FIG. 1 and FIG. 2, the traveling
device 3 is a device that is capable of traveling and that
supports the machine body 2. The traveling device 3 in-
cludes a traveling frame 3A, a first traveling device 3L
provided on the left-hand side of the traveling frame 3A,
and a second traveling device 3R provided on the right-
hand side of the traveling frame 3A. The first traveling
device 3L and the second traveling device 3R are crawl-
er-type traveling devices. The traveling device 3 is driven
by a traveling motor M1 that is a hydraulic motor (a hy-
draulic actuator). More specifically, the first traveling de-
vice 3L is driven by a first traveling motor ML, and the
second traveling device 3R is driven by a second
traveling motor MR.

[0045] A dozer device 7 is mounted on the front of the
traveling device 3. The dozer device 7 isdriven by a dozer
cylinder C1. More specifically, the dozer cylinder C1is a
hydraulic cylinder (a hydraulic actuator), and a blade 7A
of the dozer device 7 is raised and lowered by expansion
and contraction of the dozer cylinder C1.

[0046] As illustrated in FIG. 1, the machine body 2 is
supported on the traveling device 3 (the traveling frame
3A) with a slewing bearing 8 interposed therebetween
such that the machine body 2 is turnable around a turning
axis X1. The turning axis X1 is an axis (a vertical axis)
that vertically extends in such a manner as to pass
through the center of the slewing bearing 8.

[0047] As illustrated in FIG. 2, the cabin 5 is mounted
on a portion of the machine body 2 on one side (the left-
handside)in the width direction K2. The cabin 5 is located
on one side (the left-hand side) of a center line Y1 in the
machine-body width direction K2, the center line Y1 ex-
tending in the longitudinal direction K1 in such a manner
as to pass through the turning axis X1.

[0048] As illustrated in FIG. 2, a prime mover E1 is
mounted on a portion of the machine body 2 on the other
side (the right-hand side) in the width direction K2. The
prime mover E1 is vertically mounted on the machine
body 2. The phrase "vertically mounted" refers to being
mounted such that a crankshaft of the prime mover E1
extends in the longitudinal direction K1. The prime mover
E1 is a diesel engine. Note that the prime mover E1 may
be a gasoline engine or an electric motor or may be a
hybrid prime mover that includes an engine and an elec-
tric motor.
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[0049] A pressure-oil supply unit 18 is mounted on the
rear of the prime mover E1. The pressure-oil supply unit
18 is driven by the power of the prime mover E1 so as
to pressurize and deliver a hydraulic fluid that is used by
a hydraulic driving unit. The hydraulic driving unit is, for
example, a hydraulic actuator or the like installed in the
working machine 1. A radiator R1, an oil cooler O1, and
a condenser CD are arranged at forward positions with
respect to the prime mover E1 and mounted on the ma-
chine body 2. The radiator R1 is a cooling device that
cools cooling water (a fluid) of the prime mover E1, and
the oil cooler O1 is a cooling device that cools a hydraulic
fluid (a fluid). The condenser CD is a cooling device (a
condenser) that cools refrigerant (a fluid) of an air con-
ditioner installed in the working machine 1.

[0050] A cooling fan F1 that generates cooling air for
cooling the prime mover E1 is disposed between the ra-
diator R1 and the prime mover E1. The cooling fan F1 is
driven by the power of the prime mover E1 and generates
the cooling air that flows rearward.

[0051] As illustrated in FIG. 1, the machine body 2 in-
cludes a board (hereinafter referred to as "slewing
board") 9 that is turnable around the turning axis X1. The
slewing board 9 is formed of a steel plate or the like and
forms a bottom portion of the machine body 2. A vertical
rib 9A, which is a reinforcing member, is provided on the
upper surface of the slewing board 9 in such a manner
as to extend from a front portion to a rear portion of the
slewing board 9. In addition to the vertical rib 9A, mem-
bers and the like that are used for supporting equipment
and so forth mounted on the machine body 2 are provided
on the slewing board 9, so that a slewing frame that
serves as a framework of the machine body 2 is formed.
The peripheral area of the slewing frame in the horizontal
direction is covered with a slewing cover.

[0052] A weight 10 is disposed on a rear portion of the
machine body 2. The weight 10 is positioned at the rear
of the machine body 2, and a lower portion of the weight
10 is attached to the slewing board 9.

[0053] As illustrated in FIG. 2, a fuel tank T1 and a
hydraulic-fluid tank T2 are mounted on the rear portion
ofthe machine body 2 in such a manner as to be arranged
next to each other in the machine-body width direction
K2. Thefueltank T1 is atank that stores fuel for the prime
mover E1. The hydraulic-fluid tank T2 is a tank that stores
a hydraulic fluid.

[0054] As illustrated in FIG. 2, a slewing motor MT is
disposed in such a manner as to be positioned at the
front of the slewing board 9 (the machine body 2) and at
the center of the slewing board 9 (the machine body 2)
in the machine-body width direction K2. The slewing
board 9 is driven by the slewing motor MT so as to turn
around the turning axis X1. The slewing motor MT is a
hydraulic motor (a hydraulic actuator). A swivel joint S1
is provided at the position of the turning axis X1. The
swivel joint S1 is a hydraulic unit that circulates a hydrau-
lic fluid and is a rotary joint that causes a hydraulic fluid
to flow between a hydraulic unit included in the machine
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body 2 and a hydraulic unit included in the traveling de-
vice 3. A control valve (a hydraulic unit) CV is disposed
at a rearward position with respect to the swivel joint S1.
The control valve CV is a sectional-type multi-control
valve (a hydraulic unit) that includes a plurality of control
valves stacked on top of one another in the vertical di-
rection and coupled to one another. A controller U1 is
disposed below the cabin 5.

[0055] An operating apparatus 1B that operates the
working machine 1 is installed in the cabin 5. The oper-
ating apparatus 1B is disposed at a forward position with
respect to the operator's seat 6. The operator's seat 6
and the operating apparatus 1B form an operating sec-
tion 1C.

[0056] As illustrated in FIG. 2, the machine body 2 in-
cludes a support bracket 13 that is provided at the front
of the machine body 2 in such a manner as to be slightly
offset rightward from the center of the machine body 2
in the machine-body width direction K2. The support
bracket 13 is fixed to the front of the vertical rib 9A and
disposed so as to project forward from the machine body
2.

[0057] As illustrated in FIG. 1 and FIG. 2, a swing
bracket 14 is attached to a front portion (a portion pro-
jecting from the machine body 2) of the support bracket
13 via a swing shaft 14A so as to be swingable around
a swinging axis X2, which is an axis that extends in the
vertical direction. Accordingly, the swing bracket 14 is
rotatable in the machine-body width direction K2 (is hor-
izontally pivotable around the swing shaft 14A).

[0058] As illustrated in FIG. 1, a working device 4 is
supported on the swing bracket 14 (the machine body 2).
[0059] The working device 4 includes a boom 15 that
is supported on the machine body 2 so as to be vertically
swingable (so as to be capable of swinging in the vertical
direction), an arm 16 that is pivotally supported and con-
nected to the boom 15 so as to be swingable, and a work-
ing tool (a bucket) 17 that is pivotally supported and con-
nected to the arm 16 so as to be swingable.

[0060] A base portion of the boom 15 is pivotally sup-
ported on an upper portion of the swing bracket 14 via a
pivot shaft. More specifically, the base portion of the
boom 15 is attached to the upper portion of the swing
bracket 14 so as to be pivotable around a horizontal axis
(an axis extending in the machine-body width direction
K2) in a state where the boom 15 is oriented in a direction
toward an area in front of the machine body. This enables
the boom 15 to swing in the vertical direction.

[0061] The arm 16 is pivotally supported to an end of
the boom 15 via a pivot shaft. More specifically, the arm
16 is attached to the boom 15 so as to be pivotable around
a horizontal axis in a state where the boom 15 is oriented
in the direction toward the area in front of the machine
body. This enables the arm 16 to swing in the longitudinal
direction K1 or the vertical direction. In addition, the arm
16 is swingable in an arm-crowd direction D1 that is a
direction toward the boom 15 and an arm-dump direction
D2 that is a direction away from the boom 15.
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[0062] The working tool 17 is pivotally attached to an
end of the arm 16 via a pivot shaft. More specifically, the
working tool 17 is attached to the arm 16 so as to be
pivotable around a horizontal axis in a state where the
boom 15 is oriented in the direction toward the area in
front of the machine body. This enables the working tool
17 to swing in a direction toward the arm 16 (a bucket-
crowd direction) and a direction away from the arm 16 (a
bucket-dump direction). The bucket serving as the work-
ing tool 17 is attached to the arm 16 so as to be capable
of performing a shoveling operation and a dumping op-
eration. The shoveling operation is an operation of caus-
ing the working tool 17 to swing in the direction toward
the boom 15andis, for example, an operation of scooping
earth and sand or the like. The dumping operation is an
operation of causing the working tool 17 to swing in the
direction away from the boom 15 and is, for example, an
operation of dropping (discharging) scooped earth and
sand or the like.

[0063] Note that, instead of the bucket, a working tool
(an attachment) such as a pallet fork or a manure fork or
a working tool (a hydraulic attachment) that includes a
hydraulic actuator such as a grapple, a hydraulic crusher,
an angle broom, an earth auger, a snow blower, a sweep-
er, a mower, or a hydraulic breaker may be attached.
[0064] Expansion and contraction of a swing cylinder
C2 that is included in the machine body 2 enables the
swing bracket 14 to swing. Expansion and contraction of
a boom cylinder C3 enables the boom 15 to vertically
swing. Expansion and contraction of an arm cylinder C4
enables the arm 16 to swing in the arm-crowd direction
D1 and the arm-dump direction D2. Expansion and con-
traction of a working-tool cylinder (a bucket cylinder) C5
enables the working tool 17 to swing in the bucket-crowd
direction and the bucket-dump direction. The swing cyl-
inder C2, the boom cylinder C3, the arm cylinder C4, and
the working-tool cylinder C5 are hydraulic cylinders (hy-
draulic actuators).

[0065] A hydraulic system for actuating various hy-
draulic actuators ML, MR, MT, and C1 to C6 that are
included in the working machine 1 will now be described
with reference to FIG. 3 to FIG. 7.

[0066] As illustrated in FIG. 3, the hydraulic system
includes the control valve CV, the pressure-oil supply
unit 18, and a flow-rate control unit 19. The control valve
CVis an aggregate of control valves V1 to V10 that control
the various hydraulic actuators ML, MR, MT, and C1 to
C6, an inlet block B2 for taking in pressure oil, and a pair
of outlet blocks B1 and B3 for discharging pressure oil
arranged in one direction.

[0067] As illustrated in FIG. 3, in the control valve CV
in the present embodiment, the first outlet block B1, the
working-tool control valve V1 that controls the working-
tool cylinder C5, the boom control valve V2 that controls
the boom cylinder C3, the dozer first control valve V3 that
controls the dozer cylinder C1, the second traveling con-
trol valve V4 that controls the traveling motor MR of the
second traveling device 3R, the inlet block B2, the first
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traveling control valve V5 that controls the traveling motor
ML of the first traveling device 3L, the dozer second con-
trol valve V6 that controls the dozer cylinder C1, the arm
control valve V7 that controls the arm cylinder C4, the
slew control valve V8 that controls the slewing motor MT,
the swing control valve V9 that controls the swing cylinder
C2, the SP control valve V10 that controls the attachment
actuator (a hydraulic actuator) C6 included in a hydraulic
attachment attached as the working tool 17, and the sec-
ond outlet block B3 are arranged in this order (starting
from the right-hand side in FIG. 3) and connected to one
another.

[0068] As illustrated in FIG. 4 to FIG. 7, each of the
control valves V1 to V10 includes a corresponding one
of direction switching valves DV1 to DV10 and a pressure
compensation valve (a compensator valve) V11 incorpo-
rated in its valve body. The direction switching valves
DV1 to DV10 are valves that switch a flow direction of
the hydraulic fluid with respect to the hydraulic actuators
ML, MR, MT, and C1 to C6, which are control targets. In
adirection in which the pressure oil is supplied, the pres-
sure compensation valves V11 are disposed down-
stream from the direction switching valves DV1 to DV10
and upstream from the hydraulic actuators ML, MR, MT,
and C1 to C6, which are control targets. The pressure
compensation valves V11 function as adjusters for the
loads among the hydraulic actuators ML, MR, MT, and
C1 to C6 when two or more of the control valves V1 to
V10 are used.

[0069] Afirstreliefvalve V12 and afirstunloading valve
V13 are incorporated in the first outlet block B1, and a
traveling independent valve V14 is incorporated in the
inlet block B2. The first relief valve V12 is a main relief
valve that regulates the pressure of the hydraulic fluid
delivered from a first pressure-oil delivery port P1, which
will be described later.

[0070] The traveling independentvalve V14 is a direct-
acting spool switching valve and a pilot-operated switch-
ing valve that is switch-operated by a pilot control pres-
sure.

[0071] A second reliefvalve V15 and a second unload-
ing valve V16 are incorporated in the second outlet block
B3. The secondrelief valve V15 is a main relief valve that
regulates the pressure of the hydraulic fluid delivered
from a second pressure-oil delivery port P2, which will
be described later.

[0072] The direction switching valves DV1to DV10 are
direct-acting spool switching valves. In addition, the di-
rection switching valves DV1 to DV10 are control valves
that are electrically controlled by the controller U1. More
specifically, for example, pilot-operated proportional so-
lenoid valves are used as the direction switching valves
DV1 to DV10. A pilot-operated proportional solenoid
valve is a valve that controls the flow direction and the
flow rate of a hydraulic fluid as a result of its spool being
moved by a pilot control pressure, which is controlled by
a proportional solenoid. More specifically, a pilot-operat-
ed proportional solenoid valve is a two-stage directional
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and flow control valve that employs a proportional sole-
noid pressure reducing valve with two proportional sole-
noids in a pilot portion. The flow rate is controlled by
changing a current that is input to the proportional sole-
noids, and the flow direction is controlled by applying a
current to one of the two proportional solenoids.

[0073] As illustrated in FIG. 4, the hydraulic system
includes, as pressure-oil supply sources, a first pump 21
that supplies a hydraulic fluid for actuating the hydraulic
actuators ML, MR, MT, and C1 to C6 and a second pump
22 for supplying a signal pressure oil such as a pilot con-
trol pressure or a detection signal. The first pump 21 and
the second pump 22 are included in the pressure-oil sup-
ply unit 18 and driven by the prime mover E1.

[0074] The first pump 21 is a variable displacement
pump, and in the present embodiment, the first pump 21
is a swash-plate variable displacement axial pump that
has a function of an equal-flow-rate double pump that
delivers the hydraulic fluid through the two independent
pressure-oil delivery ports P1 and P2 such that the
amount of the hydraulic fluid delivered through the pres-
sure-oil delivery port P1 is equal to that delivered through
the pressure-oil delivery port P2. More specifically, a
split-flow hydraulic pump having a mechanism that de-
livers a hydraulic fluid from a single piston cylinder barrel
kit alternately to delivery grooves formed inside and out-
side a valve plate is used as the first pump 21.

[0075] One of the pressure-oil delivery ports of the first
pump 21 through which the hydraulic fluid is delivered
will be referred to as the first pressure-oil delivery port
P1, and the other of the pressure-oil delivery ports will
be referred to as the second pressure-oil delivery port P2.
[0076] Note that, in the present embodiment, although
the hydraulic pump having two pumping functions has
the first and second pressure-oil delivery ports P1 and
P2 through which the hydraulic fluid is delivered, a con-
figuration may be employed in which one of two inde-
pendent hydraulic pumps has the first pressure-oil deliv-
ery port and in which the other of the two independent
hydraulic pumps has the second pressure-oil delivery
port.

[0077] The pressure-oil supply unit 18 includes a
pressing piston 23 that presses a swash plate of the first
pump 21 and a flow-rate compensation piston 24 that
controls the swash plate of the first pump 21.

[0078] The first pump 21 is configured such that the
self-pressure of the first pump 21 presses, through the
pressing piston 23, the swash plate in a direction in which
the pumping flow rate is increased and that the flow-rate
compensation piston 24 applies a force that resists the
pressing force of the pressing piston 23 to the swash
plate, and the delivery flow rate of the first pump 21 is
controlled by controlling the pressure exerted on the flow-
rate compensation piston 24.

[0079] Accordingly, when the pressure exerted on the
flow-rate compensation piston 24 is released, the angle
of the swash plate becomes maximum, and the delivery
flow rate of the first pump 21 becomes maximum.
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[0080] Asillustratedin FIG. 4, the flow-rate control unit
19 controls the swash plate of the first pump 21 by con-
trolling the pressure exerted on the flow-rate compensa-
tion piston 24, and the pressure exerted on the flow-rate
compensation piston 24 is controlled by opening and
closing a flow-rate compensation valve V17 that is in-
cluded in the flow-rate control unit 19.

[0081] The pressure-oil supply unit 18 further includes
a spring 25 and a spool 26 that control the pump horse-
power (torque). When the delivery pressure of the first
pump 21 becomes a predetermined pressure, the first
pump 21 limits the horsepower (torque) received from
the prime mover E1.

[0082] The second pump 22 is a fixed displacement
gear pump and delivers oil through a third pressure-oil
delivery port P3.

[0083] The first pressure-oil delivery port P1 is con-
nected to the inlet block B2 via a first delivery path a, and
the second pressure-oil delivery port P2 is connected to
the inlet block B2 via a second delivery path b.

[0084] The first delivery path a is connected to a first
pressure-oil supply path d. The first pressure-oil supply
path d is formed in such a manner as to extend from the
inlet block B2 to the first outlet block B1 through the valve
body of the second traveling control valve V4, the valve
body of the dozer first control valve V3, the valve body
of the boom control valve V2, and the valve body of the
working-tool control valve V1 and branches at the first
outlet block B1 (at the end of a flow path) so as to be
connected to the first relief valve V12 and the first un-
loading valve V13.

[0085] The hydraulic fluid can be supplied to the direc-
tion switching valve DV4 of the second traveling control
valve V4, the direction switching valve DV3 of the dozer
first control valve V3, the direction switching valve DV2
of the boom control valve V2, and the direction switching
valve DV1 of the working-tool control valve V1 through
the first pressure-oil supply path d and pressure-oil
branch paths f.

[0086] The first relief valve V12 and the first unloading
valve V13 are connected to a drain fluid passage g. The
drain fluid passage g is formed in such a manner as to
extend from the first outlet block B1 to the second outlet
block B3 through the valve body of the working-tool con-
trol valve V1, the valve body of the boom control valve
V2, the valve body of the dozer first control valve V3, the
valve body of the second traveling control valve V4, the
inlet block B2, the valve body of the first traveling control
valve V5, the valve body of the dozer second control valve
V6, the valve body of the arm control valve V7, the valve
body of the slew control valve V8, the valve body of the
swing control valve V9, and the valve body of the SP
control valve V10. The hydraulic fluid that flows through
the drain fluid passage g is discharged from the second
outlet block B3 to the hydraulic-fluid tank T2.

[0087] The second delivery path b is connected to a
second pressure-oil supply path e. The second pressure-
oil supply path e is formed in such a manner as to extend
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from the inlet block B2 to the second outlet block B3
through the valve body of the first traveling control valve
V5, the valve body of the dozer second control valve V6,
the valve body of the arm control valve V7, the valve body
of the slew control valve V8, the valve body of the swing
control valve V9, and the valve body of the SP control
valve V10 and branches at the second outlet block B3
(at the end of a flow path) so as to be connected to the
second relief valve V15 and the second unloading valve
V16.

[0088] The hydraulic fluid can be supplied to the direc-
tion switching valve DV5 of the first traveling control valve
V5, the direction switching valve DV6 of the dozer second
control valve V6, the direction switching valve DV7 of the
arm control valve V7, the direction switching valve DV8
of the slew control valve V8, the direction switching valve
DV9 of the swing control valve V9, and the direction
switching valve DV10 of the SP control valve V10 through
the second pressure-oil supply path e and pressure-oil
branch paths h.

[0089] The hydraulicfluid supplied to the control valves
V1 to V10 is supplied and discharged to and from the
hydraulic actuators ML, MR, MT, and C1 to C6. In other
words, the hydraulic system includes a hydraulic circuit
for supplying and discharging the hydraulic fluid to and
from the hydraulic actuators ML, MR, MT, and C1 to C6.
[0090] The second reliefvalve V15 and the second un-
loading valve V16 are connected to the drain fluid pas-
sage g.

[0091] Intheinletblock B2, the first pressure-oil supply
path d and the second pressure-oil supply path e are
connected to each other by a communication path j that
extends across the traveling independent valve V14.
[0092] The traveling independent valve V14 is freely
switchable between an independent position 27 in which
the traveling independent valve V14 blocks the flow of
the pressure oil through the communication path jand a
merging position 28 in which the traveling independent
valve V14 allows the flow of the pressure oil through the
communication path j.

[0093] When the traveling independent valve V14 has
been switched to be in the independent position 27, the
hydraulic fluid from the first pressure-oil delivery port P1
can be supplied to the direction switching valve DV4 of
the second traveling control valve V4 and the direction
switching valve DV3 of the dozer first control valve V3,
and the hydraulic fluid from the second pressure-oil de-
livery port P2 can be supplied to the direction switching
valve DV5 of the first traveling control valve V5 the direc-
tion switching valve DV6 of the dozer second control
valve V6. On the other hand, the hydraulic fluid from the
first pressure-oil delivery port P1 is not supplied to either
the first traveling control valve V5 or the dozer second
control valve V6, and the hydraulic fluid from the second
pressure-oil delivery port P2 is not supplied to either the
second traveling control valve V4 or the dozer first control
valve V3.

[0094] When the traveling independent valve V14 is
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switched to be in the merging position 28, the hydraulic
fluid from the first pressure-oil delivery port P1 and the
hydraulic fluid from the second pressure-oil delivery port
P2 are merged and can be supplied to the direction
switching valves DV1 to DV10 of the control valves V1
to V10.

[0095] The third pressure-oil delivery port P3 is con-
nected to the inlet block B2 by a third delivery path m,
and the third delivery path m branches into a first branch
fluid passage m1 and a second branch fluid passage m2
at a position partway along its length and is connected
to the inlet block B2.

[0096] The first branch fluid passage m1 is connected
to a pressure receiver 14a located on one side of the
traveling independentvalve V14 by afirst signal fluid pas-
sage n1, and the second branch fluid passage m2 is con-
nected to a pressure receiver 14b located on the other
side of the traveling independent valve V14 by a second
signal fluid passage n2.

[0097] A first detection fluid passage r1 is connected
tothefirstsignal fluid passage n1, and a second detection
fluid passage r2 is connected to the second signal fluid
passage n2.

[0098] Thefirstdetection fluid passager1 is connected
to the drain fluid passage g via the first signal fluid pas-
sage n1, the direction switching valve DV6 of the dozer
second control valve V6, the direction switching valve
DV5 of the first traveling control valve V5, the direction
switching valve DV4 of the second traveling control valve
V4, and the direction switching valve DV3 of the dozer
first control valve V3.

[0099] The second detection fluid passage r2 is con-
nected to the drain fluid passage g via the second signal
fluid passage n2, the direction switching valve DV10 of
the SP control valve V10, the direction switching valve
DV9 of the swing control valve V9, the direction switching
valve DV8 of the slew control valve V8, the direction
switching valve DV7 of the arm control valve V7, the di-
rection switching valve DV6 of the dozer second control
valve V6, the direction switching valve DV5 of the first
traveling control valve V5, the direction switching valve
DV4 of the second traveling control valve V4, the direction
switching valve DV3 of the dozer first control valve V3,
the direction switching valve DV2 of the boom control
valve V2, and the direction switching valve DV1 of the
working-tool control valve V1.

[0100] When the direction switching valves DV1 to
DV10 of the control valves V1 to V10 are each in a neutral
position, the traveling independent valve V14 is held in
the merging position 28 by a spring force.

[0101] When any one of the direction switching valves
DV of the second traveling control valve V4, the first
traveling control valve V5, the dozer first control valve
V3, and the dozer second control valve V6 is operated
to move from the neutral position, pressure is applied to
the first detection fluid passage r1 and the first signal fluid
passage n1, so that the traveling independent valve V14
is switched from the merging position 28 to the independ-
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ent position 27.

[0102] Thus, in the case of only traveling, in the case
of using the dozer device 7 while traveling, or in the case
of only using the dozer device 7, the hydraulic fluid from
the first pressure-oil delivery port P1 is supplied to the
direction switching valves DV of the second traveling con-
trol valve V4 and the dozer first control valve V3, and the
hydraulic fluid from the second pressure-oil delivery port
P2 is supplied to the direction switching valves DV of the
first traveling control valve V5 and the dozer first control
valve V3.

[0103] In this case, when any one of the direction
switching valve DV10 of the SP control valve V10, the
direction switching valve DV9 of the swing control valve
V9, the direction switching valve DV8 of the slew control
valve V8, the direction switching valve DV7 of the arm
control valve V7, the direction switching valve DV2 of the
boom control valve V2, and the direction switching valve
DV1 of the working-tool control valve V1 is operated to
move from the neutral position, pressure is applied to the
second detection fluid passage r2 and the second signal
fluid passage n2, so that the traveling independent valve
V14 is switched from the independent position 27 to the
merging position 28.

[0104] In addition, from the state where the direction
switching valves DV1 to DV10 of the control valves V1
to V10 are in their neutral positions, when any one of the
direction switching valve DV10 of the SP control valve
V10, the direction switching valve DV9 of the swing con-
trol valve V9, the direction switching valve DV8 of the
slew control valve V8, the direction switching valve DV7
of the arm control valve V7, the direction switching valve
DV2 of the boom control valve V2, and the direction
switching valve DV1 of the working-tool control valve V1
is operated to move from the neutral position, the
traveling independent valve V14 is in the merging posi-
tion 28.

[0105] Thus, when the working machine 1 is not
traveling or when the working machine 1 is traveling, si-
multaneous operations of the boom 15, the arm 16, the
working tool 17, the swing bracket 14, the machine body
2, and the dozer device 7 can be performed.

[0106] The hydraulic system further includes an auto-
matic idling control system (an Al system) that automat-
ically operates an accelerator of the prime mover E1.
[0107] The Alsystemincludes an Al switch (a pressure
switch) 29 that is connected to the first branch fluid pas-
sage m1 and the second branch fluid passage m2 of the
third delivery path m via a sensing fluid passage s and a
shuttle valve V18, an electrical actuator that controls a
governor of the prime mover E1, and a controller that
controls the electrical actuator. The Al switch 29 is con-
nected to the controller.

[0108] IntheAlsystem, pressureisnotappliedto either
the first branch fluid passage m1 or the second branch
fluid passage m2 when the direction switching valves
DV1 to DV10 of the control valves V1 to V10 are in their
neutral positions. Thus, the Al switch 29 is not pressure-
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activated, and in this state, the governor is automatically
controlled by the electric actuator or the like so as to be
accelerated down to a predetermined idling position.
[0109] When at least one of the direction switching
valves DV1 to DV10 of the control valves V1 to V10 is
operated, pressure is applied to the first branch fluid pas-
sage m1 or the second branch fluid passage m2, and
this pressure is detected by the Al switch 29, so that the
Al switch 29 is pressure-activated. Then, the controller
transmits a command signal to the electrical actuator or
the like, and the governor is automatically controlled by
the electric actuator or the like so as to be accelerated
up to a predetermined accelerator position.

[0110] Inaddition, the hydraulic system employs aload
sensing system.

[0111] Theload sensing system of the presentembod-
iment includes the pressure compensation valves V11
included in the control valves V1 to V10, the flow-rate
compensation piston 24, which controls the swash plate
of the first pump 21, the flow-rate compensation valve
V17, which is included in the flow-rate control unit 19, the
first and second relief valves V12 and V15, and the first
and second unloading valves V13 and V16. In addition,
as the load sensing system of the present embodiment,
an after-orifice type load sensing system in which the
pressure compensation valves V11 are disposed down-
stream from the direction switching valves DV1 to DV10
in the direction in which the pressure oil is supplied is
employed.

[0112] In the load sensing system, when two or more
of the hydraulic actuators ML, MR, MT, and C1 to C6
included in the working machine 1 are simultaneously
operated, the pressure compensation valves V11 func-
tion as adjusters for the loads among the hydraulic actu-
ators ML, MR, MT, and C1 to C6 so as to generate a
pressure loss at each of the control valves V1 to V10 on
a low load pressure side, the pressure loss being equiv-
alent to the differential pressure from the highest load
pressure. As a result, the hydraulic fluid can flow (can be
distributed) at a flow rate according to the operating
amount of the spool of each of the direction switching
valves DV1 to DV10 regardless of the magnitude of the
load. In other words, the load sensing system controls
the first pump 21 such that the differential pressure ob-
tained by subtracting the highest load pressure among
the load pressures of the plurality of hydraulic actuators
ML, MR, MT, and C1 to C6 from the delivery pressure of
the first pump 21 is kept constant.

[0113] In addition, the load sensing system controls
the delivery amount of the first pump 21 in accordance
with the load pressures of the hydraulic actuators ML,
MR, MT, and C1 to C6 included in the working machine
1 so as to cause a hydraulic power required for load to
be delivered from the first pump 21, so that power saving
and operability can be improved.

[0114] Further details of the load sensing system of
the present embodiment will now be described below.
[0115] Theload sensing systemincludes a PLS-signal
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fluid passage w that transmits the highest load pressure
among the load pressures of the control valves V1 to V10
as a PLS signal pressure to the flow-rate compensation
valve V17 and a PPS-signal fluid passage x that transmits
the delivery pressure of the first pump 21 as a PPS signal
pressure to the flow-rate compensation valve V17.
[0116] The PLS-signal fluid passage w is formed in
such a manner as to extend from the first outlet block B1
to the second outlet block B3 through the valve body of
the working-tool control valve V1, the valve body of the
boom control valve V2, the valve body of the dozer first
control valve V3, the valve body of the second traveling
control valve V4, the traveling independent valve V14,
the valve body of the first traveling control valve V5, the
valve body of the dozer second control valve V6, the valve
body of the arm control valve V7, the valve body of the
slew control valve V8, the valve body of the swing control
valve V9, and the valve body of the SP control valve V10.
The PLS-signal fluid passage w is connected to the pres-
sure compensation valves V11 of the control valves by
load transmission lines y.

[0117] In addition, the PLS-signal fluid passage w ex-
tends from the second outlet block B3 so as to be con-
nected to one end of the spool of the flow-rate compen-
sation valve V17, and the PPS signal pressure is applied
to the one end of the spool of the flow-rate compensation
valve V17.

[0118] Furthermore, the PLS-signal fluid passage w is
connected to the first unloading valve V13 and the drain
fluid passage g in the first outlet block B1 and connected
to the second unloading valve V16 and the drain fluid
passage g in the second outlet block B3.

[0119] When the traveling independent valve V14 is in
the merging position 28, a line w1 of the PLS-signal fluid
passage w that extends from the traveling independent
valve V14 to the first outlet block B1 and a line w2 of the
PLS-signal fluid passage w that extends from the
traveling independent valve V14 to the second outlet
block B3 communicate with each other. When the
traveling independent valve V14 is switched from the
merging position 28 to the independent position 27, the
PLS-signal fluid passage w is cut off at the traveling in-
dependent valve V14.

[0120] As a result, when the traveling independent
valve V14 is switched to the independent position 27, the
PLS-signal fluid passage w is split into the line w1 along
which the hydraulic fluid is supplied from the first pres-
sure-oil delivery port P1 and the line w2 along which the
pressure oil is supplied from the second pressure-oil de-
livery port P2.

[0121] The PPS-signal fluid passage x is formed in
such a manner as to extend from the traveling independ-
ent valve V14 to the other end of the spool of the flow-
rate compensation valve V17. When the traveling inde-
pendentvalve V14 is in the merging position 28, the PPS-
signal fluid passage x communicates with the second
pressure-oil supply path e via a connection fluid passage
z, and the PPS signal pressure (the delivery pressure of
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the first pump 21) is applied to the other end of the spool
of the flow-rate compensation valve V17. When the
traveling independent valve V14 is switched to the inde-
pendent position 27, the PPS-signal fluid passage x com-
municates with the drain fluid passage g via a relief fluid
passage q, and the PPS signal pressure becomes zero.
[0122] Note thata spring 30 and a differential pressure
piston 31 that apply a control differential pressure to the
flow-rate compensation valve V17 are provided at the
one end of the spool of the flow-rate compensation valve
VA17.

[0123] In the hydraulic system having the above-de-
scribed configuration, the direction switching valves DV1
to DV10 of the control valves V1 to V10 are in their neutral
positions, the traveling independent valve V14 is in the
merging position 28. In this case, a flow-path end side of
the first pressure-oil supply path d is blocked by the first
unloading valve V13, and a flow-path end side of the
second pressure-oil supply path e is blocked by the sec-
ond unloading valve V16. Thus, when the delivery pres-
sure (the PPS signal pressure) of the first pump 21 in-
creases, and the difference between the PPS signal pres-
sure and the PLS signal pressure (which is zero in this
state) becomes larger than the control differential pres-
sure, the flow rate of the first pump 21 is controlled so as
to reduce the delivery amount of the first pump 21, and
the first and second unloading valves V16 are opened
such that the hydraulic fluid delivered from the first pump
21 flows into the hydraulic-fluid tank T2.

[0124] Thus, in this state, the delivery pressure of the
first pump 21 is the pressures set by the first and second
unloading valves V13 and V16, and the delivery flow rate
of the first pump 21 is a minimum delivery amount.
[0125] Next, the case where any two or more of the
boom cylinder C3, the arm cylinder C4, the working-tool
cylinder C5, the swing cylinder C2, the slewing motor
MT, and the hydraulic attachment are simultaneously op-
erated, or the case where one or more of these and any
one or more of the left and right traveling motors ML and
MR and the dozer cylinder C1 are simultaneously oper-
ated will now be described.

[0126] In either case, the traveling independent valve
V14 is in the merging position 28. The highest load pres-
sure applied to the operated hydraulic actuators ML, MR,
MT, and C1 to C6 is the PLS signal pressure, and the
delivery pressure (the discharge flow rate) of the first
pump 21 is automatically controlled such that the differ-
ential pressure obtained by subtracting the PLS signal
pressure from the PPS signal pressure is equal to the
control differential pressure (the difference between the
PPS signal pressure and the PLS signal pressure is main-
tained at a set value).

[0127] In other words, once an unloading flow rate
through the first and second unloading valves V13 and
V16 has become zero, the delivery flow rate of the first
pump 21 starts to increase, and all the hydraulic fluid
delivered from the first pump 21 flows into the operated
hydraulic actuators ML, MR, MT, and C1 to C6 in accord-
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ance with the operating amounts of the operated control
valves.

[0128] The differential pressure across the spool of
each of the direction switching valves DV1 to DV10 of
the operated control valves V1 to V10 is kept constant
by the corresponding pressure compensation valve V11,
and regardless of the difference in magnitude among the
loads applied to the operated hydraulic actuators ML,
MR, MT, and C1 to C6, the hydraulic fluid delivered from
the first pump 21 flows such that each of the hydraulic
actuators ML, MR, MT, and C1 to C6 receives an amount
ofthe hydraulic fluid that corresponds to the manipulation
amount to operate the hydraulic actuator.

[0129] Note that, in the case where the flow rate re-
quired for the hydraulic actuators ML, MR, MT, and C1
to C6 exceeds the maximum delivery flow rate of the first
pump 21, the hydraulic fluid delivered from the first pump
21 is distributed on a pro rata basis to the operated hy-
draulic actuators ML, MR, MT, and C1 to C6.

[0130] In the above case, simultaneous operations
(combined operations) can be performed by an efficient
system.

[0131] In the case where the dozer device 7 performs

earthwork while the working machine 1 is traveling, the
traveling independent valve V14 is switched to the inde-
pendent position 27, and the communication path j and
the PLS-signal fluid passage w are cut off by the traveling
independent valve V14. In addition, the PPS-signal fluid
passage x communicates with the drain fluid passage g
via the relieffluid passage q, and the PPS signal pressure
becomes zero.

[0132] Thus, the hydraulic fluid from the first pressure-
oil delivery port P1 flows into the second traveling control
valve V4 and the dozer first control valve V3 and does
not flow into either the first traveling control valve V5 or
the dozer second control valve V6. The hydraulic fluid
from the second pressure-oil delivery port P2 flows into
the first traveling control valve V5 and the dozer second
control valve V6 and does not flow into either the second
traveling control valve V4 or the dozer first control valve
V3. In addition, since the PPS signal pressure is zero,
the angle of the swash plate of the first pump 21 becomes
maximum, and the first pump 21 delivers the hydraulic
fluid at the maximum flow rate.

[0133] As illustrated in FIG. 8, proportional solenoids
so1to so10 of the direction switching valves DV1 to DV10
are connected to the controller U1. The direction switch-
ing valves DV1 to DV10 (the control valves V1 to V10)
are pilot-operated by pilot control pressures correspond-
ing to control signals that are transmitted from the con-
troller U1 to the proportional solenoids so1 to so10 (the
values of currents supplied to the proportional solenoids
so1to s010) such that the flow direction and the flow rate
of the hydraulic fluid with respect to the hydraulic actua-
tors ML, MR, MT, and C1 to C6, which are control targets,
are controlled. In other words, each of the control valves
V1 to V10 is pilot-operated by a pilot control pressure
that is controlled by a control signal transmitted by the
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controller U1. That is to say, each of the control valves
V1 to V10 is controlled in accordance with a current sup-
plied thereto by the controller U1.

[0134] Manipulator41 (afirstmanipulator41Atoasev-
enth manipulator 41G) that operate the direction switch-
ing valves DV1 to DV10 (the control valves V1 to V10)
are connected to the controller U1. The controller U1 sup-
plies (transmits) currents (control signals) corresponding
to the manipulation amounts of the manipulators 41 to
the proportional solenoids so1 to so10 of the direction
switching valves DV1 to DV10, which are operation tar-
gets.

[0135] The first manipulator 41A and the second ma-
nipulator 41B are included in the operating apparatus 1B
and are each, for example, a handle that is to be held
and operated by an operator who is sitting at the opera-
tor’s seat 6.

[0136] The first manipulator 41A is capable of operat-
ing two of the operation targets included in the working
machine 1. For example, the first manipulator 41A can
operate the direction switching valve DV8 (the slewing
motor MT) (can turn the machine body 2) and can operate
the direction switching valve DV7 (the arm cylinder C4)
(can swing the arm 16). In addition, the first manipulator
41A includes one of sensors (operation detection units)
42 (a first sensor 42A) that detects a manipulation direc-
tion and a manipulation amount. The first sensor 42A is
connected to the control device U1. The controller U1
controls the slew control valve V8 (the machine body 2)
and the arm control valve V7 (the arm 16) on the basis
of a detection signal from the first sensor 42A.

[0137] The second manipulator 41B is also capable of
operating two of the operation targets included in the
working machine 1. For example, the second manipulator
41B can operate the direction switching valve DV2 (the
boom cylinder C3) (can swing the boom 15) and can op-
erate the direction switching valve DV1 (the working-tool
cylinder C5) (can swing the working tool 17). In addition,
the second manipulator 41B includes one of the sensors
(the operation detection units) 42 (a second sensor 42B)
that detects a manipulation direction and a manipulation
amount. The second sensor 42B is connected to the con-
troller U1. The controller U1 controls the boom control
valve V2 (the boom 15) and the working-tool control valve
V1 (the working tool 17) on the basis of a detection signal
from the second sensor 42B.

[0138] The third manipulator 41C is included in the op-
erating apparatus 1B and is, for example, a lever. The
third manipulator 41C can operate the direction switching
valve DV3 and the direction switching valve DV6 (the
dozer cylinder C1) (can operate the dozer device 7). In
addition, the third manipulator 41C includes one of the
sensors (the operation detection units) 42 (a third sensor
42C) that detects a manipulation direction and a manip-
ulation amount thereof. The third sensor 42C is connect-
ed to the controller U1. The controller U1 controls the
dozer first control valve V3 and the dozer second control
valve V6 (the dozer device 7) on the basis of a detection
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signal from the third sensor 42C.

[0139] The fourth manipulator 41D and the fifth manip-
ulator 41E are provided on, for example, a floor portion
located in front of the operator’s seat 6 and are each a
pedal that is operated by being stepped on by an oper-
ator.

[0140] The fourth manipulator 41D can operate the di-
rection switching valve DV5 (the first traveling motor ML)
(can operate the first traveling device 3L). In addition, the
fourth manipulator 41D includes one of the sensors (the
operation detection units) 42 (a fourth sensor 42D) that
detects a manipulation direction and a manipulation
amount thereof. The fourth sensor 42D is connected to
the controller U1. The controller U1 controls the first
traveling control valve V5 (the first traveling device 3L)
on the basis of a detection signal from the fourth sensor
42D.

[0141] The fifth manipulator 41E can operate the di-
rection switching valve DV4 (the second traveling motor
MR) (can operate the second traveling device 3R). In
addition, the fifth manipulator 41E includes one of the
sensors (the operation detection units) 42 (a fifth sensor
42E) that detects a manipulation direction and a manip-
ulation amount thereof. The fifth sensor 42E is connected
to the controller U1. The controller U1 controls the second
traveling control valve V4 (the second traveling device
3R) on the basis of a detection signal from the fifth sensor
42E.

[0142] The sixth manipulator 41F is, for example, a
switch (such as a rocker switch or a slide switch) that is
included in the first manipulator 41A or the second ma-
nipulator 41B. The sixth manipulator 41F can operate the
direction switching valve DV9 (the swing cylinder C2)
(can operate the swing bracket 14). In addition, the sixth
manipulator 41F includes one of the sensors (the oper-
ation detection units) 42 (a sixth sensor 42F) that detects
a manipulation direction and a manipulation amount
thereof. The sixth sensor 42F is connected to the con-
troller U1. The controller U1 controls the swing control
valve V9 (the swing bracket 14) on the basis of a detection
signal from the sixth sensor 42F.

[0143] The seventh manipulator 41G is, for example,
a switch (such as a rocker switch or a slide switch) that
is included in the first manipulator 41A or the second
manipulator 41B. The seventh manipulator 41G can op-
erate the direction switching valve DV10 (the hydraulic
actuator of the hydraulic attachment) (can operate the
hydraulic attachment serving as the working tool). In ad-
dition, the seventh manipulator 41G includes one of the
sensors (the operation detection units) 42 (a seventh
sensor 42G) that detects a manipulation direction and a
manipulation amount thereof. The seventh sensor 42G
is connected to the controller U1. The controller U1 con-
trols the SP control valve V10 (the hydraulic attachment)
on the basis of a detection signal from the seventh sensor
42G.

[0144] Although the configuration of each of the sen-
sors 42 (the first sensor 42A to the seventh sensor 42G)
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is not particularly limited, for example, a potentiometer
or the like may be used.

[0145] The spools of the direction switching valves
DV1to DV10 are moved in proportion to the manipulation
amounts of the manipulators 41 that operate the direction
switching valves DV1 to DV10 (the control valves V1 to
V10), and each of the hydraulic actuators ML, MR, MT,
and C1 to C6, which are control targets, receives the
hydraulic fluid the amount of which is proportional to the
amount of movement of a corresponding one of the di-
rection switching valves DV1 to DV10. In other words,
the operating speed of each operation target (each con-
trol target) is variable in proportion to the manipulation
amount of the corresponding manipulator 41.

[0146] As described above, the control valves V1 to
V10 are operated by operating the manipulators 41, and
as a result, their respective the hydraulic actuators ML,
MR, MT, and C1 to C6 are operated. Then, driving targets
(the machine body 2, the traveling device 3, the dozer
device 7, the boom 15, the arm 16, the working tool 17,
and the hydraulic attachment) are driven by the hydraulic
actuators ML, MR, MT, and C1 to C6.

[0147] FIG. 8 illustrates the control system according
to the first embodiment.

[0148] As illustrated in FIG. 8, the controller U1 in-
cludes a control unit Ua and a boom flow-rate reducing
unit Ub.

[0149] When the boom cylinder (a first hydraulic actu-
ator) C3 is solely operated (a single operation), the con-
trol unit Ua controls a boom control valve (a first control
valve) V2. In other words, in the case of a single opera-
tion, the control unit Ua controls the boom control valve
V2.

[0150] When the boom cylinder (the first hydraulic ac-
tuator) C3 and the arm cylinder (a second hydraulic ac-
tuator) C4 are simultaneously operated (combined oper-
ations), the boom flow-rate reducing unit Ub controls the
boom control valve V2. In other words, when the boom
control valve V2 and the arm control valve V7 are oper-
ated in combination, the boom flow-rate reducing unit Ub
controls the boom control valve V2. More specifically,
when the boom cylinder C3 (the boom control valve V2)
is operated while the arm cylinder C4 (the arm control
valve V7) is operated, the boom flow-rate reducing unit
Ub controls the flow rate (a hydraulic fluid flow rate) of
the hydraulic fluid that is supplied from the boom control
valve V2 to the boom cylinder C3.

[0151] FIG. 9 is a graph illustrating a relationship be-
tween the manipulation amount of one of the manipula-
tors 41 (the second manipulator 41B) and the flow rate
ofthe hydraulicfluid. In FIG. 9, the horizontal axis denotes
the manipulation amount of the manipulator 41, and the
vertical axis denotes the flow rate of the hydraulic fluid
that is supplied from the boom control valve V2 to the
boom cylinder C3.

[0152] InFIG. 9, afirstline 50 indicates the case where
the control unit Ua controls the flow rate of the hydraulic
fluid supplied from the boom control valve V2 to the boom
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cylinder C3 with respect to the manipulation amount of
the manipulator 41. In other words, the first line 50 indi-
cates changes in the flow rate of the hydraulic fluid ac-
cording to the manipulation amount to operate the boom
cylinder C3 when the boom cylinder C3 is solely operat-
ed.

[0153] In FIG. 9, a second line 51 indicates the case
where the boom flow-rate reducing unit Ub controls the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3 with respect to
the manipulation amount of the manipulator 41. In other
words, the second line 51 indicates changes in the flow
rate of the hydraulic fluid according to the manipulation
amount to operate the boom cylinder C3 when the boom
cylinder C3 and the arm cylinder C4 are operated in com-
bination.

[0154] In FIG. 9, the reference sign 52 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 with respect to changes in the manipulation
amount to operate the boom cylinder C3 when the boom
cylinder C3 is solely operated.

[0155] In FIG. 9, the reference sign 53 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 with respect to changes in the manipulation
amount to operate the boom cylinder C3 when the boom
cylinder C3 and the arm cylinder C4 are operated in com-
bination.

[0156] As seen from FIG. 9, the inclination of the sec-
ond line 51 is smaller than that of the first line 50, and
the amount of change 53 is smaller than the amount of
change 52. In other words, when the arm cylinder (the
second hydraulic actuator) C4 and the boom cylinder (the
first hydraulic actuator) C3 are operated in combination,
the controller U1 reduces the amount of change 53 in the
flow rate of the hydraulic fluid supplied from the boom
control valve (the first control valve) V2 to the boom cyl-
inder (the first hydraulic actuator) C3 with respect to
changes in the manipulation amount to operate the boom
cylinder (the first hydraulic actuator) C3 to be smaller
than that when the boom cylinder (the first hydraulic ac-
tuator) C3 is solely operated.

[0157] In addition, as illustrated in FIG. 9, in the first
embodiment, when the arm cylinder C4 and the boom
cylinder C3 are operated in combination, the flow rate of
the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 is reduced by the boom flow-
rate reducing unit Ub in such a manner as to reduce the
amount of change 53 to be smaller than the amount of
change 52.

[0158] More specifically, it is understood from the first
line 50 and the second line 51 in FIG. 9 that, in the case
where the manipulation amount of the manipulator 41
(the second manipulator 41B) when the boom cylinder
C3 is solely operated is the same as the manipulation
amount of the manipulator 41 (the second manipulator
41B) when the arm cylinder C4 (the arm control valve

10

15

20

25

30

35

40

45

50

55

15

V7) and the boom cylinder C3 (the boom control valve
V2) are operated in combination, the flow rate of the hy-
draulic fluid supplied from the boom control valve V2 to
the boom cylinder C3 when the arm cylinder C4 (the arm
control valve V7) and the boom cylinder C3 (the boom
control valve V2) are operated in combination is lower
than that when the boom cylinder C3 (the boom control
valve V2) is solely operated. In other words, when the
arm cylinder C4 (the arm control valve V7) and the boom
cylinder C3 (the boom control valve V2) are operated in
combination, the flow rate of the hydraulic fluid supplied
to the boom cylinder C3 with respect to the manipulation
amount of the manipulator 41 (the second manipulator
41B) is reduced.

[0159] Inotherwords, the boom flow-rate reducing unit
Ub causes the hydraulic fluid to be supplied from the
boom control valve V2 to the boom cylinder C3 at a flow
rate lower than the flow rate of the hydraulic fluid control-
led by the control unit Ua with respect to the same ma-
nipulation amount of the manipulator 41. Thus, when the
boom cylinder C3 (the boom control valve V2)is operated
while the arm cylinder C4 (the arm control valve V7) is
operated, the boom flow-rate reducing unit Ub reduces
the flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3. In other words,
the boom flow-rate reducing unit Ub causes the hydraulic
fluid to be supplied from the boom control valve V2 to the
boom cylinder C3 such that the flow rate of this hydraulic
fluid with respect to the manipulation amount of the ma-
nipulator 41 (the second manipulator 41B) is lower than
the flow rate of the hydraulic fluid that is controlled by the
control unit Ua in accordance with the same manipulation
amount.

[0160] Inthepresentembodiment, by reducing the pilot
control pressure that is controlled by a control signal
transmitted from the controller U1 to the boom control
valve V2, the flow rate of the hydraulic fluid supplied from
the boom control valve V2 to the boom cylinder C3 is
reduced. In other words, the controller U1 reduces the
current that is supplied to the boom control valve V2, so
that the flow rate of the hydraulic fluid supplied from the
boom control valve V2 to the boom cylinder C3 is re-
duced.

[0161] The boom 15 (the boom cylinder C3) and the
arm 16 (the arm cylinder C4) are operated in combination
(are simultaneously operated) when, for example, a so-
called horizontal pulling control (a horizontal pulling op-
eration) is performed. A horizontal pulling operation is an
operation for leveling off the ground by moving the bucket
17 horizontally by raising the boom 15 while swinging the
arm 16 in the arm-crowd direction D1 in a state where
bucket teeth 17a (see FIG. 1) that are provided at an end
of the bucket 17 are in contact with the ground. The hor-
izontal pulling operation requires skills because the boom
15 needs to be precisely controlled. In other words, in
general, when the arm 16 is moved, the balance of the
machine body 2 greatly changes, which in turn results in
fluctuations in the manipulation amount of the manipula-
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tor 41 (the second manipulator 41B) that operates the
boom 15, and thus, skills are required. The same applies
to the case of lowering the boom 15 while swinging the
arm 16 in the arm-dump direction D2 in a state where
the bucket teeth 17a at the end of the bucket 17 are in
contact with the ground.

[0162] In the first embodiment, when the boom 15 is
operated while the arm 16 is operated, the flow rate of
the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 is reduced by reducing the
pilot control pressure to be smaller than that when the
boom 15 is solely operated, so that the raising speed of
the boom 15 is slowed down, and the boom 15 can be
stably operated. In addition, the horizontal movement of
the bucket teeth 17a at the end of the bucket 17 is facil-
itated. As a result, the boom 15 can be easily operated
in the case of raising the boom 15 while swinging the arm
16inthe arm-crowd direction D1 orin the case of lowering
the boom 15 while swinging the arm 16 in the arm-dump
direction D2.

[0163] In the first embodiment, for example, when a
horizontal pulling operation is performed in a state where
the manipulation amount to operate the boom cylinder
C3 and the manipulation amount to operate the arm cyl-
inder C4 are the same and where the speed of the arm
16 is lower than the speed of the boom 15, the boom 15
and the arm 16 can be moved harmoniously by reducing
the speed of the boom 15, and a favorable horizontal
pulling operation can be performed.

[0164] In addition, excessive swing of the boom 15 can
be suppressed, and thus, shaking of the machine body
2 can be suppressed. Furthermore, when the boom 15
is operated while the arm 16 is operated, the flow rate of
the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 is reduced, so that an amount
of the hydraulic fluid equivalent to the reduced flow rate
flows into the arm cylinder C4. As a result, the moving
speed of the bucket 17 is ensured, and boom character-
istics become gentle, so that the machine body 2 is sta-
bilized. Furthermore, since the working machine 1 in-
cludes the load sensing system, intermediate flow rate
characteristics are stable, and thus, even if the speed of
the boom 15 is slowed down as a result of the flow rate
of the hydraulic fluid being reduced by reducing the pilot
control pressure, a stable operation can be performed.
[0165] Note that, in the presentembodiment, when the
boom cylinder C3 is operated while the arm cylinder C4
is operated, the boom flow-rate reducing unit Ub controls
the boom control valve V2 so as to reduce the flow rate
ofthe hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3. However, the present inven-
tion is not limited to this case, and the flow rate of the
hydraulic fluid supplied from the boom control valve (the
first control valve) V2 to the boom cylinder C3 may be
reduced when the boom cylinder (the first hydraulic ac-
tuator) C3 is operated while atleast one of other hydraulic
actuators AC (the second hydraulic actuator) that is dif-
ferent from the boom cylinder (the first hydraulic actuator)
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C3 is operated. In other words, when the boom cylinder
C3is operated while the other hydraulic actuator AC that
is different from the boom cylinder C3 is operated (when
the boom cylinder C3 and the other hydraulic actuator
AC, which is different from the boom cylinder C3, are
operated in combination), the boom flow-rate reducing
unit Ub controls the flow rate of the hydraulic fluid sup-
plied from the boom control valve V2 to the boom cylinder
Cs.

[0166] The other hydraulic actuator (the second hy-
draulic actuator) AC, which is different from the boom
cylinder (the first hydraulic actuator) C3, may be the arm
cylinder C4 or may be the traveling motor M1, the slewing
motor MT, the dozer cylinder C1, the swing cylinder C2,
the working-tool cylinder C5, or the attachment actuator
C6. Even in the case where the other hydraulic actuator
AC, which is different from the boom cylinder C3, is one
of the hydraulic actuators other than the arm cylinder C4,
that is, one of the traveling motor M1, the slewing motor
MT, the dozer cylinder C1, the swing cylinder C2, the
working-tool cylinder C5, and the attachment actuator
C6, advantageous effects in which the boom character-
istics become gentle and in which the machine body 2 is
stabilized can be expected.

[0167] Also in the case where the boom cylinder C3
and the other hydraulic actuator AC, which is different
from the arm cylinder C4, are operated in combination,
the boom 15 and a member that is driven by the other
hydraulic actuator AC can be moved harmoniously.
[0168] In the above-described hydraulic system, each
of the control valves V1 to V10 (the direction switching
valves DV1 to DV10) is a pilot-operated proportional so-
lenoid valve, and the controller U1 controls the current
supplied to each of the control valves V1 to V10 so as to
control the pilot control pressure, so that the control
valves V1 to V10 are controlled. However, the present
invention is not limited to this configuration.

[0169] For example, as illustrated in FIG. 10, each of
the control valves V1 to V10 may be a pilot-operated
switching valve that is pilot-operated by a pilot control
pressure applied to a pair of pilot pressure receivers Va1
and Va2, and a pair of proportional solenoid valves V21
and V22 that are controlled by the controller U1 may be
provided. In this configuration, a pilot control pressure
may be applied to the pilot pressure receiver Va1 by the
proportional solenoid valve V21, and a pilot control pres-
sure may be applied to the pilot pressure receiver Va2
by the proportional solenoid valve V22 so that the flow
direction and the flow rate of the hydraulic fluid with re-
spect to the hydraulic actuators MT, ML, MR, and C1 to
C6 may be controlled.

[0170] As illustrated in FIG. 11, each of the control
valves V1 to V10 may be a proportional-solenoid-type
directional and flow control valve whose spool is directly
driven by proportional solenoids so11 each of which is
supplied with a current by the controller U1.

[0171] FIG. 12 illustrates a control system according
to the second embodiment.
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[0172] As illustrated in FIG. 12, a switch SW is con-
nected to the controller U1. The switch SW is a switch
that switches to a crane mode for lifting a load by using
a hook attached to the bucket 17.

[0173] The controller U1 includes the control unit Ua,
aboom flow-rate increasing unit Uc, and a function block-
ing unit Ud.

[0174] The control unit Ua controls the boom control
valve (the first control valve) V2 when the boom cylinder
(thefirsthydraulic actuator) C3is solely operated. In other
words, the control unit Ua controls the boom control valve
V2 when the boom control valve V2 is solely operated.
[0175] The boom flow-rate increasing unit Uc controls
the boom control valve V2 when the boom cylinder (the
first hydraulic actuator) C3 and the arm cylinder (the sec-
ond hydraulic actuator) C4 are simultaneously operated
(are operated in combination). In other words, the boom
flow-rate increasing unit Uc controls the boom control
valve V2 when the boom control valve V2 and the arm
control valve V7 are operated in combination. More spe-
cifically, when the arm cylinder C4 (the arm control valve
V7) and the boom cylinder C3 (the boom control valve
V2) are operated in combination, the boom flow-rate in-
creasing unit Uc performs control so as to increase the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3.

[0176] Note that, also in the second embodiment, the
second hydraulic actuator is not limited to the arm cylin-
der C4, and the second hydraulic actuator may be the
other hydraulic actuator AC (one of the arm cylinder C4,
the traveling motor M1, the slewing motor MT, the dozer
cylinder C1, the swing cylinder C2, the working-tool cyl-
inder C5, and the attachment actuator C6) thatis different
from the boom cylinder C3.

[0177] The function blocking unit Ud does not allow the
boom flow-rate increasing unit Uc to function when the
arm cylinder C4 (the other hydraulic actuator AC that is
different from the boom cylinder C3) is operated while
the boom cylinder C3 is solely operated in a direction in
which the boom 15 is raised. In the present embodiment,
the function blocking unit Ud functions in a state where
the crane mode is selected by the switch SW. The boom
flow-rate increasing unit Uc is configured to increase the
flow rate of the hydraulic fluid supplied to the boom cyl-
inder C3 and increase the speed of the boom 15 when
the boom cylinder C3 and the arm cylinder C4 are oper-
ated in combination. However, for example, if the speed
of the boom 15 increases when the arm 16 is operated
during crane work, it may sometimes be difficult to stably
perform the crane work. Accordingly, the boom flow-rate
increasing unit Uc is configured not to function in a state
where the crane mode is selected. As a result, even if
the arm cylinder C4 (the other hydraulic actuator AC that
is different from the boom cylinder C3) is operated during
crane work, the raising speed of the boom 15 does not
change, and a stable lifting operation can be performed.
[0178] Note that, as will be described later, in the case
where the boom cylinder C3 is operated by fully operating
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the manipulator 41 (the second manipulator 41B) (by op-
erating the manipulator 41 to its stroke end), the flow rate
of the hydraulic fluid supplied to the boom cylinder C3
when the boom cylinder C3 is solely operated is the same
as that when the boom cylinder C3 and the arm cylinder
C4 (the other hydraulic actuator AC) are operated in com-
bination, and thus, the function blocking unit Ud can func-
tion except when the manipulator 41 is fully operated.
[0179] FIG. 13 is a graph illustrating a relationship be-
tween the manipulation amount of one of the manipula-
tors 41 and the flow rate of the hydraulic fluid. In FIG. 13,
the horizontal axis denotes the manipulation amount of
the manipulator 41 (the second manipulator 41B), and
the vertical axis denotes the flow rate of the hydraulic
fluid supplied from the boom control valve V2 to the boom
cylinder C3 (the value of the current supplied to the pro-
portional solenoids so2, that is, the pilot control pressure
that pilot-operates the boom control valve V2).

[0180] In FIG. 13, a third line 55 the case where the
control unit Ua controls the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 with respect to the manipulation amount of
the manipulator 41. In other words, the third line 55 indi-
cates changes in the flow rate of the hydraulic fluid ac-
cording to the manipulation amount to operate the boom
cylinder C3 when the boom cylinder C3 is solely operat-
ed.

[0181] In FIG. 13, a fourth line 56 indicates the case
where the boom flow-rate increasing unit Uc controls the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3 with respect to
the manipulation amount of the manipulator 41. In other
words, the fourth line 56 indicates changes in the flow
rate of the hydraulic fluid according to the manipulation
amount to operate the boom cylinder C3 when the boom
cylinder C3 and the arm cylinder C4 (the other hydraulic
actuator AC) are operated in combination.

[0182] In FIG. 13, the flow rate of the hydraulic fluid
increases with increasing distance from the origin of the
graph. The manipulation amount of the manipulators 41
is zero (in a non-operating state) at the origin of the graph
and increases with increasing distance from the origin.
Accordingly, in the graph, a manipulation amount region
adjacentto the originis defined as a pre-operation region
57 to start operating the boom control valve V2.

[0183] In the range from a manipulation amount GO at
which the manipulation amount is zero to a manipulation
amount G1, the flow rate of the hydraulic fluid is zero,
and this range is a dead zone in which the boom 15 does
not move even if the manipulators 41 is operated. At the
manipulation amount G1, the flow rate of the hydraulic
fluid increases at a stroke to a flow rate H1 or a flow rate
H2. In the case of the third line 55, the flow rate of the
hydraulic fluid at the manipulation amount G1 is the flow
rate H1, and in the case of the fourth line 56, the flow
rate of the hydraulic fluid at the manipulation amount G1
is the flow rate H2, which is higher than the flow rate H1.
In other words, at the manipulation amount adjacent to
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the pre-operation region 57 to start operating the boom
control valve V2, the flow rate of the hydraulic fluid with
respect to the manipulation amount to operate the boom
cylinder C3 when the arm cylinder C4 (the other hydraulic
actuator AC) and the boom cylinder C3 are operated in
combination is determined to be higher than that when
the boom cylinder C3 is solely operated.

[0184] Each of the third line 55 and the fourth line 56
is inclined upward to the right from the manipulation
amount G1 to the manipulation amount G2, which is near
a full manipulation amount, and the flow rate of the hy-
draulic fluid converges to a flow rate H3 at the manipu-
lation amount G2. In other words, the flow rate H2 at the
manipulation amount G1 adjacent to the pre-operation
region 57 on the fourth line 56 is higher than the flow rate
H1 at the manipulation amount G1 adjacent to the pre-
operation region 57 on the third line 55, and the inclination
of the fourth line 56 is smaller than that of the third line
55. Thus, a difference 58 between the flow rate of the
hydraulic fluid with respect to the manipulation amount
to operate the boom cylinder C3 when the boom cylinder
C3 and the arm cylinder C4 (the other hydraulic actuator
AC) are operated in combination and the flow rate of the
hydraulic fluid with respect to the manipulation amount
to operate the boom cylinder C3 when the boom cylinder
C3 is solely operated (the gap between the third line 55
and the fourth line 56) decreases as the manipulation
amount to operate the boom cylinder C3 increases.
[0185] Note that, at the manipulation amount G2, the
flow rate of the hydraulic fluid increases at a stroke from
the flow rate H3 to a maximum flow rate H4, and during
the period when the manipulator 41 is operated until the
manipulation amount increases from the manipulation
amount G2 to a manipulation amount G3 (the manipula-
tion amount when the manipulator 41 is fully operated),
the flow rate of the hydraulic fluid is the maximum flow
rate H4.

[0186] Inthe second embodiment, the third line 55 and
the fourth line 56 are each a characteristic line of an in-
termediate operation range from the manipulation
amount G1 to the manipulation amount G2. Each of the
third line 55 and the fourth line 56 may be a characteristic
line from the manipulation amount G1 to the manipulation
amount G3. In this case, the position of the terminal end
of each of the third line 55 and the fourth line 56 is the
position of the maximum flow rate H4.

[0187] In FIG. 13, the reference sign 61 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 with respect to changes in the manipulation
amount to operate the boom cylinder C3 when the boom
cylinder C3 is solely operated.

[0188] In FIG. 13, the reference sign 62 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 with respect to changes in the manipulation
amount to operate the boom cylinder C3 when the arm
cylinder C4 (the other hydraulic actuator AC) and the
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boom cylinder C3 are operated in combination.

[0189] As seenfrom FIG. 13, the amount of change 62
is smaller than the amount of change 61. In other words,
when the arm cylinder C4 (the other hydraulic actuator
AC) and the boom cylinder C3 are operated in combina-
tion, the controller U1 reduces the amount of change 62
in the flow rate of the hydraulic fluid supplied from the
boom control valve V2 to the boom cylinder C3 with re-
spect to changes in the manipulation amount to operate
the boom cylinder C3 to be smaller than that when the
boom cylinder C3 is solely operated.

[0190] In the second embodiment, when the arm cyl-
inder C4 (the other hydraulic actuator AC) and the boom
cylinder C3 are operated in combination, the boom flow-
rate increasing unit Uc determines the flow rate of the
hydraulic fluid supplied from the boom control valve V2
with respect to the manipulation amount to operate the
boom cylinder C3 so that, when the manipulation amount
to operate the boom cylinder C3 is the manipulation
amount G1 adjacent to the pre-operation region 57 to
start operating the boom control valve V2, the flow rate
determined by the boom flow-rate increasing unit Uc is
higher than that when the boom cylinder C3 is solely op-
erated and so that, as the manipulation amountto operate
the boom cylinder C3 increases, the difference 58 be-
tween the flow rate of the hydraulic fluid with respect to
changes in the manipulation amount to operate the boom
cylinder C3 when the boom cylinder C3 and the arm cyl-
inder C4 (the other hydraulic actuator AC) are operated
in combination and the flow rate of the hydraulic fluid with
respectto changes in the manipulation amountto operate
the boom cylinder C3 when the boom cylinder C3is solely
operated reduces, so that the amount of change 62 be-
comes smaller than the amount of change 61.

[0191] It is understood from the third line 55 and the
fourth line 56 in FIG. 13 that, in the case where the ma-
nipulation amount of the manipulator 41 (the second ma-
nipulator 41B) when the boom cylinder C3 (the boom
control valve V2) is solely operated and the manipulation
amount of the manipulator 41 (the second manipulator
41B) when the arm cylinder C4 (the arm control valve
V7) and the boom cylinder C3 (the boom control valve
V2) are operated in combination are the same, the flow
rate of the hydraulic fluid supplied from the boom control
valve V2 to the boom cylinder C3 when the arm cylinder
C4 (the arm control valve V7) and the boom cylinder C3
(the boom control valve V2) are operated in combination
is higher than that when the boom cylinder C3 (the boom
control valve V2) is solely operated. In other words, when
the arm cylinder C4 (the arm control valve V7) and the
boom cylinder C3 (the boom control valve V2) are oper-
ated in combination, the flow rate of the hydraulic fluid
supplied to the boom cylinder C3 with respect to the ma-
nipulation amount of the manipulator 41 (the second ma-
nipulator 41B) increases.

[0192] That is to say, the boom flow-rate increasing
unit Uc causes the hydraulic fluid to be supplied from the
boom control valve V2 to the boom cylinder C3 such that
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the flow rate of this hydraulic fluid with respect to the
manipulation amount of the manipulator 41 is higher than
the flow rate of the hydraulic fluid that is controlled by the
control unit Ua with respect to the same manipulation
amount of the manipulator 41. Thus, when the boom cyl-
inder C3 (the boom control valve V2) is operated while
the arm cylinder C4 (the arm control valve V7) is operat-
ed, the boom flow-rate increasing unit Uc increases the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3. In other words,
the boom flow-rate increasing unit Uc causes the hydrau-
lic fluid to be supplied from the boom control valve V2 to
the boom cylinder C3 such that the flow rate of this hy-
draulic fluid with respect to the manipulation amount of
the manipulator 41 (the second manipulator41B) is lower
than the flow rate of the hydraulic fluid that is controlled
by the control unit Ua in accordance with the same ma-
nipulation amount.

[0193] In the second embodiment, the flow rate of the
hydraulic fluid supplied from the boom control valve V2
to the boom cylinder C3 is increased by increasing the
pilot control pressure, which is controlled by a control
signal transmitted from the controller U1 to the boom con-
trol valve V2. In other words, the controller U1 increases
the current supplied to the boom control valve V2, so that
the flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3 is increased.
[0194] In the second embodiment, when the boom 15
is operated while the arm 16 is operated, the flow rate of
the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 increased by increasing the
pilot control pressure to be larger than that when the
boom 15 is solely operated, so that the raising speed of
the boom 15 is increased, and the boom 15 can be stably
operated. In addition, the horizontal movement of the
bucket teeth 17a at the end of the bucket 17 is facilitated.
As a result, the boom 15 can be easily operated in the
case of raising the boom 15 while swinging the arm 16
in the arm-crowd direction D1 or in the case of lowering
the boom 15 while swinging the arm 16 in the arm-dump
direction D2.

[0195] In the second embodiment, for example, when
a horizontal pulling operation is performed in a state
where the manipulation amount to operate the boom cyl-
inder C3 and the manipulation amountto operate the arm
cylinder C4 are the same and where the speed of the
arm 16 is higher than the speed of the boom 15, the boom
15 and the arm 16 can be moved harmoniously by in-
creasing the speed of the boom 15, and a favorable hor-
izontal pulling operation can be performed. More specif-
ically, in the case where the speed of the arm 16 is set
to increase in order to increase the working capacity, if
a horizontal pulling operationis performed, there is a pos-
sibility that the bucket teeth 17a at the end of the bucket
17 will dig into the earth (the bucket teeth 17a will fall)
when the boom 15 and the arm 16 are actuated. In such
a case, the boom 15 and the arm 16 can be moved har-
moniously by increasing the speed of the boom 15, and
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a favorable horizontal pulling operation can be per-
formed.

[0196] The above-described firstembodiment is effec-
tive when, for example, a horizontal pulling operation is
performed in a state where the manipulation amount to
operate the boom cylinder C3 and the manipulation
amount to operate the arm cylinder C4 are the same and
where the speed of the arm 16 is lower than the speed
of the boom 15. The second embodiment is effective
when, for example, a horizontal pulling operation is per-
formed in a state where the manipulation amount to op-
erate the boom cylinder C3 and the manipulation amount
to operate the arm cylinder C4 are the same and where
the speed of the arm is higher than the speed of the boom
15.

[0197] Alsointhe second embodiment, when the other
hydraulic actuator (the second hydraulic actuator) AC
that is different from the boom cylinder C3 and that is not
the arm cylinder C4 and the boom cylinder C3 are oper-
ated in combination, the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3 may be increased. In other words, the boom
flow-rate increasing unit Uc controls the flow rate of the
hydraulic fluid supplied from the boom control valve V2
to the boom cylinder C3 when the boom cylinder C3 and
the other hydraulic actuator AC that is different from the
boom cylinder C3 are operated in combination.

[0198] Also when the boom cylinder C3 and the other
hydraulic actuator AC that is not the arm cylinder C4 are
operated in combination, the boom 15 and another mem-
ber that is driven by the other hydraulic actuator AC can
be moved harmoniously.

[0199] Note that the controller U1 may include the
boom flow-rate reducing unit Ub and the boom flow-rate
increasing unit Uc, and may switch, in accordance with
the working machine 1 that includes the controller U1, in
such a manner that the boom flow-rate reducing unit Ub
functions while the boom flow-rate increasing unit Uc
does not function or the boom flow-rate increasing unit
Uc functions while the boom flow-rate reducing unit Ub
does not function.

[0200] Also in the second embodiment, as illustrated
in FIG. 10, each of the control valves V1 to V10 may be
a pilot-operated switching valve, and the pair of propor-
tional solenoid valves V21 and V22 that are controlled
by the controller U1 may be provided such that a pilot
control pressure is applied to the pilot pressure receiver
Va1 by the proportional solenoid valve V21 and such that
a pilot control pressure may be applied to the pilot pres-
sure receiver Va2 by the proportional solenoid valve V22.
As illustrated in FIG. 11, each of the control valves V1 to
V10 may be a proportional-solenoid-type directional and
flow control valve whose spool is directly driven by the
proportional solenoids so11 each of which is supplied
with a current by the controller U1.

[0201] FIG. 14 illustrates a control system according
to the third embodiment.

[0202] As illustrated in FIG. 14, the controller U1 in-
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cludes the control unit Ua and an actuator flow-rate re-
ducing unit Ue.

[0203] When at least one of other hydraulic actuators
AC1 (the first hydraulic actuator) that is different from the
traveling motor (the second hydraulic actuator) M1 is
solely operated, the control unit Ua controls one of actu-
ator control valves AV (the first control valve) that controls
the other hydraulic actuator AC1. In other words, the con-
trol unit Ua controls the actuator control valve (the first
control valve) AV when the actuator control valve AV is
solely operated.

[0204] The actuator flow-rate reducing unit Ue controls
the actuator control valve (the first control valve) AV when
the traveling motor (the second hydraulic actuator) M1
and the other hydraulic actuator (the first hydraulic actu-
ator) AC1 are operated in combination. In other words,
when the first traveling control valve V5, the second
traveling control valve V4, and the actuator control valve
AV, which controls the other hydraulic actuator AC1, are
operated in combination, the actuator flow-rate reducing
unit Ue controls the actuator control valve AV. The phrase
"be operated in combination" refers to simultaneous op-
eration of at least two (more than one) of the control
valves V1 to V10.

[0205] More specifically, when the other hydraulic ac-
tuator AC1 that is different from the traveling motor M1
is operated while the traveling device 3 is driven, the ac-
tuator flow-rate reducing unit Ue controls the flow rate of
the hydraulic fluid supplied from the actuator control valve
AV, which controls the other hydraulic actuator AC1, to
the other hydraulic actuator AC1. The other hydraulic ac-
tuator (the first hydraulic actuator) AC 1 is, for example,
any one of the slewing motor MT, the boom cylinder C3,
the arm cylinder C4, and the working-tool cylinder C5
that are operated by the first manipulator 41A and the
second manipulator 41B, and the actuator control valve
AV is a corresponding one of the slew control valve V8,
the boom control valve V2, the arm control valve V7, and
the working-tool control valve V1. In other words, when
the traveling device 3 (the first traveling control valve V5,
the second traveling control valve V4), the working device
4 (the boom control valve V2, the arm control valve V7,
the working-tool control valve V1), and the machine body
2 (the slew control valve V8) are operated in combination,
the actuator flow-rate reducing unit Ue controls the flow
rate of the hydraulic fluid supplied from the actuator con-
trol valve AV to the other hydraulic actuator AC1.
[0206] Note that, the swing cylinder C2 and the attach-
ment actuator C6 may be included in the other hydraulic
actuators AC1.

[0207] FIG. 15is a graph illustrating a relationship be-
tween the manipulation amount of one of the manipula-
tors 41 and the flow rate of a hydraulic fluid. In FIG. 15,
the horizontal axis denotes the manipulation amount of
the manipulator 41, and the vertical axis denotes the flow
rate of the hydraulic fluid that is supplied from one of the
actuator control valves AV to the corresponding other
hydraulic actuator AC 1.
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[0208] In FIG. 15, a first line 150 indicates the case
where the control unit Ua controls the flow rate the hy-
draulic fluid supplied from the actuator control valve AV
to the corresponding other hydraulic actuator AC 1 with
respect to the manipulation amount of the manipulator
41. In other words, the first line 150 indicates changes in
the flow rate of the hydraulic fluid according to the ma-
nipulation amount of the other hydraulic actuator AC1
when the other hydraulic actuator AC 1 is solely operated.
[0209] InFIG. 15, asecondline 151 indicates the case
where the actuator flow-rate reducing unit Ue controls
the flow rate of the hydraulic fluid supplied from the ac-
tuator control valve AV (the slew control valve V8, the
boom control valve V2, the arm control valve V7, the
working-tool control valve V1) to the hydraulic actuator
AC (the slewing motor MT, the boom cylinder C3, the
arm cylinder C4, the working-tool cylinder C5) with re-
spect to the manipulation amount of the manipulator 41.
In other words, the second line 151 indicates changes in
the flow rate of the hydraulic fluid according to the ma-
nipulation amount of the other hydraulic actuator AC1
when the traveling motor M1 and the other hydraulic ac-
tuator AC1 are operated in combination.

[0210] In FIG. 15, the reference sign 152 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the actuator control valve AV to the other
hydraulic actuator AC 1 with respect to changes in the
manipulation amount of the other hydraulic actuator AC
1 when the other hydraulic actuator AC1 is solely oper-
ated.

[0211] In FIG. 15, the reference sign 153 denotes the
amount of change in the flow rate of the hydraulic fluid
supplied from the actuator control valve AV to the other
hydraulic actuator AC 1 with respect to changes in the
manipulation amount of the other hydraulic actuator AC1
when the traveling motor M1 and the other hydraulic ac-
tuator AC1 are operated in combination.

[0212] As seenfrom FIG. 15, the inclination of the sec-
ond line 151 is smaller than that of the first line 150, and
the amount of change 153 is smaller than the amount of
change 152. In other words, when the other hydraulic
actuator (the first hydraulic actuator) AC1 and the
traveling motor (the second hydraulic actuator) M1 are
operated in combination, the controller U1 reduces the
amount of change 153 in the flow rate of the hydraulic
fluid supplied from the actuator control valve (the first
control valve) AV to the other hydraulic actuator (the first
hydraulic actuator) AC1 with respect to changes in the
manipulation amount of the other hydraulic actuator (the
first hydraulic actuator) AC1 to be smaller than that when
the other hydraulic actuator (the first hydraulic actuator)
AC1 is solely operated.

[0213] In addition, as illustrated in FIG. 15, in the third
embodiment, when the other hydraulic actuator AC1 and
the traveling motor M1 are operated in combination, the
flow rate of the hydraulic fluid supplied from the actuator
control valve AV to the other hydraulic actuator AC1 is
reduced by the actuator flow-rate reducing unit Ue so as
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to reduce the amount of change 153 to be smaller than
the amount of change 152.

[0214] More specifically, it is understood from the first
line 150 and the second line 151 in FIG. 15 that, in the
case where the manipulation amount of the manipulator
41 when the other hydraulic actuator AC1 (the actuator
control valve AV) is solely operated is the same as the
manipulation amount of the manipulator 41 when the
traveling motor M1 (the first traveling control valve V5
and the second traveling control valve V4) and the other
hydraulic actuator AC1 (the actuator control valve AV)
are operated in combination, the flow rate of the hydraulic
fluid supplied from the actuator control valve AV to the
other hydraulic actuator AC1 when the traveling motor
M1 (the first traveling control valve V5 and the second
traveling control valve V4) and the other hydraulic actu-
ator AC1 (the actuator control valve AV) are operated in
combination is lower than that when the other hydraulic
actuator AC1 (the actuator control valve AV) is solely
operated. In other words, when the traveling motor M1
(the first traveling control valve V5 and the second
traveling control valve V4) and the other hydraulic actu-
ator AC1 (the actuator control valve AV) are operated in
combination, the flow rate of the hydraulic fluid supplied
to the other hydraulic actuator AC1 with respect to the
manipulation amount of the manipulator 41 is reduced.
[0215] In other words, the actuator flow-rate reducing
unit Ue causes the hydraulic fluid to be supplied from the
actuator control valve AV to the other hydraulic actuator
AC1 at aflowrate lower than the flow rate of the hydraulic
fluid controlled by the control unit Ua with respect to the
same manipulation amount of the manipulator 41. When
the other hydraulic actuator AC1 is operated while the
traveling motor M1 is operated, the actuator flow-rate re-
ducing unit Ue reduces the flow rate of the hydraulic fluid
supplied from the actuator control valve AV to the other
hydraulic actuator AC1. In other words, the actuator flow-
rate reducing unit Ue causes the hydraulic fluid to be
supplied from the actuator control valve AV to the other
hydraulic actuator AC1 such that the flow rate of this hy-
draulic fluid with respect to the manipulation amount of
the manipulator 41 is lower than the flow rate of the hy-
draulic fluid that is controlled by the control unit Ua in
accordance with the same manipulation amount.
[0216] Inthe presentembodiment, by reducing the pilot
control pressure that is controlled by a control signal
transmitted from the controller U1 to the actuator control
valve AV, the flow rate of the hydraulic fluid supplied from
the actuator control valve AV to the boom cylinder C3 is
reduced. In other words, the controller U1 reduces the
current that is supplied to the actuator control valve AV,
so that the flow rate of the hydraulic fluid supplied from
the actuator control valve AV to the other hydraulic ac-
tuator AC 1 is reduced.

[0217] Note that the reduction rate of the flow rate of
the hydraulic fluid supplied from the actuator control valve
AV to the other hydraulic actuator AC1 (the reduction
amount of the pilot control pressure) may be set for each
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of the other hydraulic actuators AC1 (the slewing motor
MT, the boom cylinder C3, the arm cylinder C4, and the
working-tool cylinder C5).

[0218] In the related art, when the other hydraulic ac-
tuator AC 1 is operated, while the working machine 1 is
traveling, there is a problem in that the flow rate of the
hydraulic fluid supplied to the traveling motor M1 de-
creases as a result of some of the hydraulic fluid being
supplied to the other hydraulic actuator AC 1, so that the
traveling speed of the working machine decreases, which
in turn results in a shock.

[0219] Inthe present embodiment, when the other hy-
draulic actuator AC1 is operated while the working ma-
chine 1 is traveling, the flow rate of the hydraulic fluid
supplied from the actuator control valve AV to the other
hydraulic actuator AC1 is reduced, so that the flow rate
of the hydraulic fluid supplied to the traveling motor M1
is ensured, and a decrease in the traveling speed can be
suppressed. In addition, since the working machine 1
includes the load sensing system, the intermediate flow
rate characteristics are stable, and thus, evenifthe speed
of the other hydraulic actuator AC1 is slowed down as a
result of the flow rate of the hydraulic fluid being reduced
by reducing the pilot control pressure, a stable operation
can be performed.

[0220] Also in the third embodiment, even when the
traveling motor (the second hydraulic actuator) M1 and
the other hydraulic actuator (the first hydraulic actuator)
AC1 that is different from the traveling motor M1 are op-
erated in combination, the traveling motor M1 and anoth-
er member that is driven by the other hydraulic actuator
AC1 can be moved harmoniously.

[0221] Note that, in the present embodiment, the first
traveling control valve V5 and the second traveling con-
trol valve V4 are each configured to be controlled by the
pilot control pressure that is controlled by a control signal
transmitted from the controller U1. However, the present
invention is not limited to this configuration, and the first
traveling control valve V5 and the second traveling con-
trol valve V4 may each be configured to be pilot-operated
by a pilot control pressure output from a remote-control
valve that is operated by a manipulator. Alternatively, the
first traveling control valve V5 and the second traveling
control valve V4 may each be a valve that is directly op-
erated by a manipulator (a valve that is manually oper-
ated).

[0222] In the above-described hydraulic system, each
of the control valves V1 to V10 (the direction switching
valves DV1 to DV10) is a pilot-operated proportional so-
lenoid valve, and the controller U1 controls the current
supplied to each of the control valves V1 to V10 so as to
control the pilot control pressure, so that the control
valves V1 to V10 are controlled. However, the present
invention is not limited to this configuration.

[0223] For example, as illustrated in FIG. 10, each of
the control valves V1 to V10 may be a pilot-operated
switching valve that is pilot-operated by a pilot control
pressure applied to the pair of pilot pressure receivers
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Va1and Va2, and the pair of proportional solenoid valves
V21 and V22 that are controlled by the controller U1 may
be provided. In this configuration, a pilot control pressure
may be applied to the pilot pressure receiver Va1 by the
proportional solenoid valve V21, and a pilot control pres-
sure may be applied to the pilot pressure receiver Va2
by the proportional solenoid valve V22 so that the flow
direction and the flow rate of the hydraulic fluid with re-
spect to the hydraulic actuators MT, ML, MR, and C1 to
C6 may be controlled.

[0224] As illustrated in FIG. 11, each of the control
valves V1 to V10 may be a proportional-solenoid-type
directional and flow control valve whose spool is directly
driven by the proportional solenoids so11 each of which
is supplied with a current by the controller U1.

[0225] The above-described working machine 1 in-
cludes the machine body 2, the first hydraulic actuator
C3, AC1 that is included in the machine body 2, the first
control valve V2, AV that controls the first hydraulic ac-
tuator C3, AC1, the controller U1 that controls the first
control valve V2, AV, and the second hydraulic actuator
AC, M1 that is different from the first hydraulic actuator
C3, AC1. When the second hydraulic actuator AC, M1
and the first hydraulic actuator C3, AC1 are operated in
combination, the controller U1 reduces the amount of
change 53, 62, 153 of the flow rate of the hydraulic fluid
supplied from the first control valve V2, AV to the first
hydraulic actuator C3, AC1 with respect to changes in
the manipulation amount of the first hydraulic actuator
C3, AC1 to be smaller than that when the first hydraulic
actuator C3, AC1 is solely operated.

[0226] With this configuration, when the first hydraulic
actuator C3, AC1 and the second hydraulic actuator AC,
M1 are operated in combination, a member that is oper-
ated by the firsthydraulic actuator C3, AC1 and amember
that is operated by the second hydraulic actuator AC, M1
can be moved harmoniously.

[0227] In addition, the working machine 1 includes the
boom 15 that is supported on the machine body 2 so as
to be vertically swingable, and the first hydraulic actuator
is the boom cylinder C3 that enables the boom 15 to
vertically swing. The first control valve is the boom control
valve V2 that controls the boom cylinder C3, and the sec-
ond hydraulic actuator is the other hydraulic actuator AC
that is different from the boom cylinder C3.

[0228] With this configuration, atleast one of the other
hydraulic actuators AC and the boom cylinder C3 are
operated in combination, the boom 15 and a member
that is driven by the other hydraulic actuator AC can be
moved harmoniously.

[0229] In addition, the controller U1 includes the boom
flow-rate reducing unit Ub that reduces the amount of
change 53, 62 by reducing the flow rate of the hydraulic
fluid supplied from the boom control valve V2 to the boom
cylinder C3 when the boom cylinder C3 is operated while
at least one of the other hydraulic actuators AC is oper-
ated.

[0230] With this configuration, by reducing the flow rate
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of the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 when the boom cylinder C3
is operated while the other hydraulic actuator AC that is
different from the boom cylinder C3 is operated, the boom
characteristics become gentle, and the machine body 2
can be stabilized.

[0231] The boom control valve V2 is pilot-operated by
the pilot control pressure that is controlled by a control
signal transmitted by the controller U1, and the boom
flow-rate reducing unit Ub reduces the pilot control pres-
sure when the boom cylinder C3 is operated while at least
one of the other hydraulic actuators AC is operated.
[0232] With this configuration, the flow rate of the boom
control valve V2 can be easily controlled.

[0233] The boom control valve V2 is controlled in ac-
cordance with the current supplied thereto by the con-
troller U1, and the boom flow-rate reducing unit Ub re-
duces the current supplied to the boom control valve V2
when the boom cylinder C3 is operated while atleast one
of the other hydraulic actuators AC is operated.

[0234] Also with this configuration, the flow rate of the
boom control valve V2 can be easily controlled.

[0235] The working machine 1 includes the arm 16 that
is connected to the end of the boom 15 so as to be swing-
able in the arm-crowd direction D1, which is a direction
toward the boom 15, and the arm-dump direction D2,
which is a direction away from the boom 15, and the arm
cylinder C4 that enables the arm 16 to swing. The other
hydraulic actuator AC is the arm cylinder C4, and the
boom flow-rate reducing unit Ub reduces the flow rate of
the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 when the boom cylinder C3
is operated while the arm cylinder C4 is operated.
[0236] With this configuration, when the boom 15 and
the arm 16 are operated in combination, the boom char-
acteristics become gentle, and the machine body 2 can
be stabilized. In addition, the speed of the arm 16 can be
ensured.

[0237] In the case of raising the boom 15 while swing-
ing the arm 16 in the arm-crowd direction D1 or in the
case of lowering the boom 15 while swinging the arm 16
in the arm-dump direction D2, the boom flow-rate reduc-
ing unit Ub reduces the flow rate of the hydraulic fluid
supplied from the boom control valve V2 to the boom
cylinder C3.

[0238] Also with this configuration, when the boom 15
and the arm 16 are operated in combination, the boom
characteristics become gentle, and the machine body 2
can be stabilized. In addition, the speed of the arm 16
can be ensured.

[0239] The working machine 1 includes the manipula-
tor 41 that operates the boom cylinder C3, and the con-
troller U1 includes the control unit Ua that controls the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3 in accordance
with the manipulation amount of the manipulator 41 when
the boom cylinder C3 is solely operated. The boom flow-
rate reducing unit Ub causes the hydraulic fluid to be
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supplied from the boom control valve V2 to the boom
cylinder C3 at a flow rate lower than the flow rate of the
hydraulic fluid controlled by the control unit Ua with re-
spect to the same manipulation amount of the manipu-
lator 41.

[0240] Also with this configuration, the boom charac-
teristics become gentle, and the machine body 2 can be
stabilized.

[0241] The controller U1 further includes the boom
flow-rate increasing unit Uc. When the boom cylinder C3
and at least one of the other hydraulic actuators AC are
operated in combination, the boom flow-rate increasing
unit Uc determines the flow rate of the hydraulic fluid
supplied from the boom control valve V2 with respect to
the manipulation amount to operate the boom cylinder
C3 so that, when the manipulation amount to operate the
boom cylinder C3 is the manipulation amount G1 adja-
cent to the pre-operation region 57 to start operating the
boom control valve V2, the flow rate determined by the
boom flow-rate increasing unit is higher than that when
the boom cylinder C3 is solely operated, and so that, as
the manipulation amount to operate the boom cylinder
C3 increases, the difference 58 between the flow rate of
the hydraulic fluid with respect to changes in the manip-
ulation amount to operate the boom cylinder C3 when
the other hydraulic actuator AC and the boom cylinder
C3 are operated in combination and the flow rate of the
hydraulic fluid with respect to changes in the manipula-
tion amount to operate the boom cylinder C3 when the
boom cylinder C3 is solely operated reduces, so that the
amount of change 53, 62 is reduced.

[0242] With this configuration, when the other hydrau-
lic actuator AC and the boom cylinder C3 are operated
in combination, the boom 15 and a member that is driven
by the other hydraulic actuator AC can be moved harmo-
niously.

[0243] The boom control valve V2 is pilot-operated by
the pilot control pressure that is controlled by a control
signal transmitted by the controller U1, and the boom
flow-rate increasing unit Uc increases the pilot control
pressure when the other hydraulic actuator AC and the
boom cylinder C3 are operated in combination.

[0244] With this configuration, the flow rate of the boom
control valve V2 can be easily controlled.

[0245] The boom control valve V2 is controlled in ac-
cordance with the current supplied thereto by the con-
troller U1, and the boom flow-rate increasing unit Uc in-
creases the current supplied to the boom control valve
V2 when the other hydraulic actuator AC and the boom
cylinder C3 are operated in combination.

[0246] Also with this configuration, the flow rate of the
boom control valve V2 can be easily controlled.

[0247] The working machine 1 includes the arm 16 that
is connected to the end of the boom 15 so as to be swing-
able in the arm-crowd direction D1, which is a direction
toward the boom 15, and the arm-dump direction D2,
which is a direction away from the boom 15, and the arm
cylinder C4 that enables the arm 16 to swing. The other
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hydraulic actuator AC is the arm cylinder C4, and the
boom flow-rate increasing unit Uc increases the flow rate
of the hydraulic fluid supplied from the boom control valve
V2 to the boom cylinder C3 when the boom cylinder C3
is operated while the arm cylinder C4 is operated.
[0248] With this configuration, when the boom 15 and
the arm 16 are operated in combination, the boom 15
and the arm 16 can be moved harmoniously.

[0249] In the case of raising the boom 15 while swing-
ing the arm 16 in the arm-crowd direction D1 or in the
case of lowering the boom 15 while swinging the arm 16
in the arm-dump direction D2, the boom flow-rate in-
creasing unit Uc increases the flow rate of the hydraulic
fluid supplied from the boom control valve V2 to the boom
cylinder C3.

[0250] With this configuration, for example, when a
horizontal pulling operation is performed by operating the
boom 15 and the arm 16 in combination, the boom 15
and the arm 16 can be moved harmoniously.

[0251] The working machine 1 includes the manipula-
tor 41 that operates the boom cylinder C3, and the con-
troller U1 includes the control unit Ua that controls the
flow rate of the hydraulic fluid supplied from the boom
control valve V2 to the boom cylinder C3 in accordance
with the manipulation amount of the manipulator 41 when
the boom cylinder C3 is solely operated. The boom flow-
rate increasing unit Uc causes the hydraulic fluid to be
supplied from the boom control valve V2 to the boom
cylinder C3 at a flow rate higher than the flow rate of the
hydraulic fluid controlled by the control unit Ua with re-
spect to the same manipulation amount of the manipu-
lator 41.

[0252] Also with this configuration, the boom 15 and
the arm 16 can be moved harmoniously.

[0253] The controller U1 does not allow the boom flow-
rate increasing unit Uc to function when the other hydrau-
lic actuator AC is operated while the boom cylinder C3
is solely operated in a direction in which the boom 15 is
raised.

[0254] With this configuration, for example, a stable
lifting operation can be performed.

[0255] The working machine 1 includes the traveling
device 3 that is capable of traveling and that supports
the machine body 2. The second hydraulic actuator is
the traveling motor M1, which is a hydraulic motor that
drives the traveling device 3, and the first hydraulic ac-
tuator is one of the other hydraulic actuators AC1 that is
different from the traveling motor M1. The first control
valve is the actuator control valve AV that controls the
other hydraulic actuator AC1, and the controller U1 in-
cludes the actuator flow-rate reducing unit Ue that reduc-
es the flow rate of the hydraulic fluid supplied from the
actuator control valve AV to the other hydraulic actuator
AC 1 when the other hydraulic actuator AC1 is operated
while the traveling motor M1 is driven.

[0256] With this configuration, when the other hydrau-
licactuator AC1 and the traveling motor M1 are operated
in combination, the traveling device 3 and another mem-
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ber that is driven by the other hydraulic actuator AC1 can
be moved harmoniously.

[0257] The working machine 1 includes the variable
displacement pump 21 that delivers the hydraulic fluid
for actuating the plurality of hydraulic actuators MT, ML,
MR, and C 1 to C6 including the first hydraulic actuators
C3, AC1 and the second hydraulic actuator AC, M1 and
the load sensing system that controls the pump 21 such
that the differential pressure obtained by subtracting the
highest load pressure among the load pressures of the
plurality of hydraulic actuators MT, ML, MR, and C1 to
C6 from the delivery pressure of the pump 21 is kept
constant.

[0258] With this configuration, since the working ma-
chine 1 includes the load sensing system, the interme-
diate flow rate characteristics are stable, and thus, even
if the flow rate of the hydraulic fluid is reduced or in-
creased, a stable operation can be performed.

[0259] The working machine 1 includes the variable
displacement pump 21 that delivers the hydraulic fluid
for actuating the boom cylinder C3 and the plurality of
hydraulic actuators MT, ML, MR, and C1 to C6 including
the other hydraulic actuators AC and the load sensing
system that controls the pump 21 such that the differential
pressure obtained by subtracting the highest load pres-
sure among the load pressures of the plurality of hydraulic
actuators MT, ML, MR, and C1 to C6 from the delivery
pressure of the pump 21 is kept constant.

[0260] Also with this configuration, since the working
machine 1 includes the load sensing system, the inter-
mediate flow rate characteristics are stable, and thus,
even if the flow rate of the hydraulic fluid is reduced or
increased, a stable operation can be performed.

[0261] The above-described working machine 1 in-
cludes the machine body 2, the traveling device 3 that is
capable of traveling and that supports the machine body
2, the traveling motor M1, which is a hydraulic motor that
drives the traveling device 3, and the other hydraulic ac-
tuators AC1 each of which is different from the traveling
motor M1, the actuator control valves AV each of which
controls a corresponding one of the other hydraulic ac-
tuators AC1, and the controller U1 that controls the ac-
tuator control valve AV. The controller U1 includes the
actuator flow-rate reducing unit Ue that reduces the flow
rate of the hydraulic fluid supplied from the actuator con-
trol valve AV to the other hydraulic actuator AC 1 when
at least one of the other hydraulic actuator AC 1 is oper-
ated when the traveling device 3 is driven.

[0262] With this configuration, when the other hydrau-
lic actuator AC1, which is different from the traveling mo-
tor M1, is operated while the working machine 1 is
traveling, the flow rate of the hydraulic fluid supplied from
the actuator control valve AV to the other hydraulic ac-
tuator AC1 is reduced, so that the flow rate of the hydrau-
lic fluid supplied to the traveling motor M1 can be en-
sured, and a decrease in the traveling speed can be sup-
pressed.

[0263] Inaddition, the actuator control valve AV is pilot-
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operated by the pilot control pressure that is controlled
by a control signal transmitted by the controller U1, and
the actuator flow-rate reducing unit Ue reduces the pilot
control pressure when the other hydraulic actuator AC1
is operated while the traveling device 3 is driven.
[0264] With this configuration, the flow rate of the ac-
tuator control valve AV can be easily controlled.

[0265] The actuator control valve AV is controlled in
accordance with the current supplied thereto by the con-
troller U1, and the actuator flow-rate reducing unit Ue
reduces the current supplied to the actuator control valve
AV when the other hydraulic actuator AC 1 is operated
while the traveling device 3 is driven.

[0266] Also with this configuration, the flow rate of the
actuator control valve AV can be easily controlled.
[0267] The working machine 1 includes the manipula-
tors 41 that operate the other hydraulic actuators AC1,
and the controller U1 includes the control unit Ua that
controls the flow rate of the hydraulic fluid supplied from
the actuator control valve AV to the other hydraulic ac-
tuator AC 1 in accordance with the manipulation amount
of the corresponding manipulator 41 when one of the
other hydraulic actuator AC 1 is solely operated. The ac-
tuator flow-rate reducing unit Ue causes the hydraulic
fluid to be supplied from the actuator control valve AV to
the other hydraulic actuator AC1 at a flow rate lower than
the flow rate of the hydraulic fluid controlled by the control
unit Ua with respect to the same manipulation amount of
the manipulator 41.

[0268] Also with this configuration, a decrease in the
traveling speed can be suppressed as a result of ensuring
the flow rate of the hydraulic fluid supplied to the traveling
motor M1.

[0269] The working machine 1 includes the boom cyl-
inder C3 that drives the boom 15, which is supported on
the machine body 2 so as to be vertically swingable, the
arm cylinder C4 that drives the arm 16, which is connect-
ed to the end of the boom 15, the working-tool cylinder
C5 that drives the working tool 17, which is connected to
the end of the arm 16 so as to be swingable, and the
slewing motor MT, which is a hydraulic motor thatenables
the machine body 2 to turn around the axis that extends
in the vertical direction. The other hydraulic actuators
AC1 includes at least the boom cylinder C3, the arm cyl-
inder C4, the working-tool cylinder C5, and the slewing
motor MT.

[0270] With this configuration, a decrease in the
traveling speed when the boom 15, the arm 16, the work-
ing tool 17, and the machine body 2 are operated while
the working machine 1 is traveling can be suppressed.
[0271] The working machine 1 includes the variable
displacement pump 21 that delivers the hydraulic fluid
for actuating the traveling motor M1 and the plurality of
hydraulic actuators MT, ML, MR, and C1 to C6 including
the other hydraulic actuators AC1 and the load sensing
system that controls the pump 21 such that the differential
pressure obtained by subtracting the highest load pres-
sure among the load pressures of the plurality of hydraulic
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actuators MT, ML, MR, and C1 to C6 from the delivery
pressure of the pump 21 is kept constant.

[0272] With this configuration, since the working ma-
chine 1 includes the load sensing system, the interme-
diate flow rate characteristics are stable, and thus, a sta-
ble operation can be performed even if the flow rate of
the hydraulic fluid is reduced.

[0273] Although the embodiments of the present in-
vention have been described above, the embodiments
disclosed herein are examples in all respects, and the
present invention is not to be considered limited to the
embodiments. The scope of the present invention is to
be determined not by the above description, but by the
claims, and it is intended that meanings equal to the
claims and all the modifications within the scope of the
claims are included in the scope of the present invention.

Reference Signs List

[0274]

2 machine body

3 traveling device

15 boom

16 arm

21 pump

41 manipulator

57 pre-operation region

58 difference

53 amount of change

62 amount of change

153 amount of change

AC second hydraulic actuator (another hydraulic ac-
tuator)

AC1 first hydraulic actuator (another hydraulic actua-
tor)

AV first control valve

C3 first hydraulic actuator (boom cylinder)

C4 arm cylinder

D1 arm-crowd direction

D2 arm-dump direction

M1 second hydraulic actuator (traveling motor)

u1 controller

Ua control unit

Ub boom flow-rate reducing unit

Uc boom flow-rate increasing unit

Ue actuator flow-rate reducing unit

V2 first control valve (boom control valve)
Claims

1. A working machine comprising:

a machine body;

a first hydraulic actuator mounted on the ma-
chine body;

a first control valve to control the first hydraulic
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actuator;

a controller to control the first control valve; and
a second hydraulic actuator that is different from
the first hydraulic actuator, wherein

when the second hydraulic actuator and the first
hydraulic actuator are operated in combination,
the controller reduces an amount of change in
a flow rate of a hydraulic fluid that is supplied
from the first control valve to the first hydraulic
actuator with respect to a change in a manipu-
lation amount to operate the first hydraulic ac-
tuator to a value smaller than an amount of
change in the flow rate of the hydraulic fluid with
respect to the change in the manipulation
amount to operate the first hydraulic actuator
when the first hydraulic actuator is solely oper-
ated.

2. The working machine according to claim 1, further
comprising:

a boom supported on the machine body in such
a manner as to be vertically swingable, wherein
the first hydraulic actuator is a boom cylinder to
cause the boom to vertically swing,

the first control valve is a boom control valve to
control the boom cylinder, and

the second hydraulic actuatoris another hydrau-
lic actuator that is different from the boom cylin-
der.

3. The working machine according to claim 2, wherein
the controllerincludes a boom flow-rate reducing unit
to reduce, when the boom cylinder is operated while
the other hydraulic actuator is operated, the flow rate
of the hydraulic fluid supplied from the boom control
valve to the boom cylinder to thereby reduce the
amount of change in the flow rate.

4. The working machine according to claim 3, wherein

the boom control valve is pilot-operated by a pilot
control pressure that is controlled by a control
signal transmitted by the controller, and

the boom flow-rate reducing unit reduces the pi-
lot control pressure when the boom cylinder is
operated while the other hydraulic actuator is
operated.

5. The working machine according to claim 3 or 4,
wherein

the boom control valve is controlled in accord-
ance with a current that is supplied to the boom
control valve by the controller, and

the boom flow-rate reducing unit reduces the
current supplied to the boom control valve when
the boom cylinder is operated while the other
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hydraulic actuator is operated.

6. Theworking machine according to any one of claims

3 to 5, further comprising:

an arm connected to an end of the boom in such
a manner as to be swingable in an arm-crowd
direction that is a direction toward the boom and
an arm-dump direction that is a direction away
from the boom; and

an arm cylinder to cause the arm to swing,
wherein

the other hydraulic actuator is the arm cylinder,
and

when the boom cylinder is operated while the
arm cylinder is operated, the boom flow-rate re-
ducing unitreduces the flow rate of the hydraulic
fluid supplied from the boom control valve to the
boom cylinder.

The working machine according to claim 6, wherein
the boom flow-rate reducing unit reduces the flow
rate of the hydraulic fluid supplied from the boom
control valve to the boom cylinder when the boom is
raised while swinging the arm in the arm-crowd di-
rection or when the boom is lowered while swinging
the arm in the arm-dump direction.

The working machine according to any one of claims
3 to 7, further comprising:

a manipulator manipulable to operate the boom
cylinder, the manipulation amount being defined
as a manipulation amount of the manipulator,
wherein

the controller includes a control unit to control
the flow rate of the hydraulic fluid supplied from
the boom control valve to the boom cylinder in
accordance with the manipulation amount of the
manipulator when the boom cylinder is solely
operated, and

wherein the boom flow-rate reducing unit caus-
es the hydraulic fluid supplied from the boom
control valve to the boom cylinder to have a flow
rate with respect to the manipulation amount of
the manipulator that is lower than a flow rate of
the hydraulic fluid controlled by the control unit
in accordance with the manipulation amount.

The working machine according to claim 2, wherein
the controller includes a boom flow-rate increasing
unit to determine the flow rate of the hydraulic fluid
supplied from the boom control valve with respect to
the manipulation amount to operate the boom cylin-
der when the other hydraulic actuator and the boom
cylinder are operated in combination so that, when
the manipulation amount to operate the boom cylin-
der is a manipulation amount adjacent to a pre-op-
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eration region to start operating the boom control
valve, the flow rate determined by the boom flow-
rate increasing unit is higher than the flow rate of the
hydraulic fluid supplied from the boom control valve
with respect to the manipulation amount to operate
the boom cylinder when the boom cylinder is solely
operated, and so that, as the manipulation amount
to operate the boom cylinder increases, a difference
between the flow rate of the hydraulic fluid with re-
spect to the manipulation amount to operate the
boom cylinder when the other hydraulic actuator and
the boom cylinder are operated in combination and
the flow rate of the hydraulic fluid from the boom
control valve with respect to the manipulation
amount to operate the boom cylinder when the boom
cylinderis solely operated reduces to thereby reduce
the amount of change in the flow rate when the other
hydraulic actuator and the boom cylinder are oper-
ated in combination.

10. The working machine according to claim 9, wherein

the boom control valve is pilot-operated by a pilot
control pressure controlled by a control signal
transmitted by the controller, and

the boom flow-rate increasing unitincreases the
pilot control pressure when the other hydraulic
actuator and the boom cylinder are operated in
combination.

11. The working machine according to claim 9 or 10,

wherein

the boom control valve is controlled in accord-
ance with a current supplied to the boom control
valve by the controller, and

the boom flow-rate increasing unitincreases the
current supplied to the boom control valve when
the other hydraulic actuator and the boom cyl-
inder are operated in combination.

12. The working machine according to any one of claims

9 to 11, further comprising:

an arm connected to an end of the boom in such
a manner as to be swingable in an arm-crowd
direction that is a direction toward the boom and
an arm-dump direction that is a direction away
from the boom; and

an arm cylinder to cause the arm to swing,
wherein

the other hydraulic actuator is the arm cylinder,
and

when the boom cylinder is operated while the
arm cylinder is operated, the boom flow-rate in-
creasing unit increases the flow rate of the hy-
draulic fluid supplied from the boom control
valve to the boom cylinder.
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The working machine according to claim 12, wherein
the boom flow-rate increasing unitincreases the flow
rate of the hydraulic fluid supplied from the boom
control valve to the boom cylinder when the boom is
raised while swinging the arm in the arm-crowd di-
rection or when the boom is lowered while swinging
the arm in the arm-dump direction.

The working machine according to any one of claims
9 to 13, further comprising:

a manipulator manipulable to operate the boom
cylinder, the manipulation amount being defined
as a manipulation amount of the manipulator,
wherein

the controller includes a control unit to control
the flow rate of the hydraulic fluid supplied from
the boom control valve to the boom cylinder in
accordance with the manipulation amount of the
manipulator when the boom cylinder is solely
operated, and

the boom flow-rate increasing unit causes the
hydraulic fluid supplied from the boom control
valve to the boom cylinder to have a flow rate
with respect to the manipulation amount of the
manipulator that is higher than a flow rate of the
hydraulic fluid controlled by the control unit in
accordance with the manipulation amount.

The working machine according to any one of claims
9 to 14, wherein

the controller does not allow the boom flow-rate in-
creasing unit to function when the other hydraulic
actuator is operated while the boom cylinder is solely
operated in a direction in which the boom is raised.

The working machine according to claim 1, further
comprising:

a traveling device to travel and support the ma-
chine body, wherein

the second hydraulic actuator is a traveling mo-
tor defined as a hydraulic motor to drive the
traveling device,

the first hydraulic actuator is another hydraulic
actuator thatis differentfrom the traveling motor,
the first control valve is an actuator control valve
to control the other hydraulic actuator, and

the controller includes an actuator flow-rate re-
ducing unit to reduce the flow rate of the hydrau-
lic fluid supplied from the actuator control valve
to the other hydraulic actuator when the other
hydraulic actuator is operated while the traveling
motor is driven.

The working machine according to claim 16, wherein

the actuator control valve is pilot-operated by a
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pilot control pressure that is controlled by a con-
trol signal transmitted by the controller, and
the actuator flow-rate reducing unit reduces the
pilot control pressure when the other hydraulic
actuator is operated while the traveling device
is driven.

18. The working machine according to claim 16 or 17,

wherein

the actuator control valve is controlled in accord-
ance with a current supplied to the actuator con-
trol valve by the controller, and

the actuator flow-rate reducing unit reduces the
current supplied to the actuator control valve
when the other hydraulic actuator is operated
while the traveling device is driven.

19. The working machine according to any one of claims

16 to 18, further comprising:

a manipulator manipulable to operate the other
hydraulic actuator, the manipulation amount be-
ing defined as a manipulation amount of the ma-
nipulator, wherein

the controller includes a control unit to control
the flow rate of the hydraulic fluid supplied from
the actuator control valve to the other hydraulic
actuator in accordance with the manipulation
amount of the manipulator when the other hy-
draulic actuator is solely operated, and

the actuator flow-rate reducing unit causes the
hydraulic fluid supplied from the actuator control
valve to the other hydraulic actuator to have a
flow rate with respect to the manipulation
amount of the manipulator that is lower than a
flow rate of the hydraulic fluid controlled by the
control unit in accordance with the manipulation
amount.

20. The working machine according to any one of claims

16 to 19, further comprising:

a boom cylinder to drive a boom supported on
the machine body in such a manner as to be
vertically swingable;

an arm cylinder to drive an arm connected to an
end ofthe boom in such a manner as to be swing-
able;

a working-tool cylinder to drive a working tool
connected to an end of the arm; and

a slewing motor to cause the machine body to
turn around an axis extending in a vertical direc-
tion and that is a hydraulic motor, wherein

the other hydraulic actuatorincludes atleastone
of the boom cylinder, the arm cylinder, the work-
ing-tool cylinder, and the slewing motor.
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21. The working machine according to any one of claims
1 to 20, further comprising:

a variable displacement pump to deliver a hy-
draulic fluid to actuate a plurality of hydraulicac- %
tuators including the first hydraulic actuator and

the second hydraulic actuator; and

aload sensing system to control the pump such

that a differential pressure obtained by subtract-

ing the highest load pressure among load pres- 10
sures of the plurality of hydraulic actuators from
adelivery pressure of the pump is kept constant.
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