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(54) HYDRAULIC CONTROL DEVICE FOR CONSTRUCTION MACHINE

(57) To provide a hydraulic control device for a con-
struction machine, wherein the amount of drive of an elec-
tric motor is reduced in order to minimize cost and con-
serve energy, and wasteful energy consumption can be
minimized. The hydraulic control device for a construc-
tion machine comprises a hydraulically actuated primary
actuator group and a secondary actuator group which is
used less frequently than the primary actuator group. The
hydraulic control device also comprises primary pumps
(P1, P2) for supplying operating oil to the primary actuator
group; secondary pumps (P3, P4) for supplying the op-

erating oil to the secondary actuator group; actuator op-
erating means; a remote control valve group (75) and a
pilot valve (72) for outputting pilot pressures according
to the operated amount of the actuator operation means;
a primary control valve group (50) and a secondary con-
trol valve group (60), which are driven by the pilot pres-
sures and which control the flow rate of the operating oil
supplied to the hydraulic actuators; a first electric motor
(M1) for driving the primary pumps (P1, P2); and a second
electric motor (M2) for driving the secondary pumps (P3,
P4).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a construction
machine configured so as to use hydraulic pressure to
actuate an actuator, and further relates to a hydraulic
control device for a construction machine in which this
hydraulic pressure is supplied from a hydraulic pump
driven by an electric motor.

TECHNICAL BACKGROUND

[0002] An electric power shovel is an example of an
electric construction machine having a configuration in
which a hydraulic pump is activated by an electric motor,
and operating oil supplied from the hydraulic pump is
used to actuate a hydraulic actuator. Possible examples
of the hydraulic actuator include a hydraulic motor, a hy-
draulic cylinder, and the like, and by actuating these hy-
draulic actuators, the cylinder of a travel device, a revolv-
ing device, a boom, an arm, a bucket, or another com-
ponent is actuated to perform various operations such
as traveling and excavating. In addition to traveling and
excavating, a power shovel is also capable of performing
operations such as revolving a vehicle and moving earth.
[0003] In a construction machine such as a power
shovel, usually the hydraulic actuator is designed so that
it can be actuated at a speed corresponding to the
amount an operating device (e.g., an operating lever) is
operated. Specifically, the actuated speed of the hydrau-
lic actuator can be variably adjusted, but this is made
possible, for example, by using a pilot pressure drive sys-
tem for the control valve which controls the supply of
hydraulic pressure to the hydraulic actuator, and contin-
uously varying the flow rate of operating oil by adjusting
the amount of the pilot pressure being supplied. Such a
control valve could be a proportional solenoid valve, for
example, wherein the flow rate of operating oil to the con-
trol valve is continuously varied by varying the electric
current being supplied, or it could be a mechanical lever.
[0004] In a construction machine that uses a pilot pres-
sure drive system as described above, in addition to the
hydraulic pump for supplying operating oil to the hydraulic
actuator, a pilot hydraulic pump for supplying pilot pres-
sure is also required, and a construction machine has
been proposed (see Patent Document 1, for example)
wherein these hydraulic pumps are driven by electric de-
vices (electric motors). This construction machine com-
prises an electric device for activating a hydraulic pump,
electric device control means for controlling the electric
device, an operating lever or another operating mecha-
nism, and notification means for electrically notifying that
operation of the operating mechanism has stopped. The
construction machine is configured so that the electric
device can be stopped immediately via the notification
means when operation of the operating mechanism has
been stopped, and is designed so that energy consump-

tion can be minimized during a standby time when oper-
ation has been stopped.
[0005] An example of a conventional hydraulic control
device 200 provided to such an electrically driven con-
struction machine is shown in FIG. 11. This hydraulic
control device 200 is configured comprising hydraulically
driven primary pumps P21, P22 and secondary pumps
P23, P24, a hydraulic actuator group 210 configured from
a plurality of hydraulic cylinders and hydraulic motors, an
operating oil tank 240, a control valve group 250, a power
source unit 280, an electric motor M, and other compo-
nents. Furthermore, the hydraulic control device 200 is
provided with a pilot valve 260 for supplying pilot pressure
to the control valve group 250 via a pilot oil passage 270,
the actuating of the control valve group 250 is controlled
by this pilot pressure, and the amount of operating oil
passing through here and other factors are controlled to
supply the oil to the hydraulic actuator group 210.
[0006] In such an electrically driven construction ma-
chine, two objects are to reduce the amount of power
used by the electric motor or other electrical device and
to prolong battery life. In view of this, there are known
machines in which a plurality of electric devices and a
plurality of inverters are provided, also provided are elec-
tricity control means for performing control for reducing
the amount of electricity output to any of the plurality of
electric devices to minimize the total electricity used
when the amount of remaining electricity in the battery
(hereinbelow referred to as remaining battery power)
supplying electricity to the electric devices and inverters
has decreased to a predetermined value or lower, and
the electricity control means detects the remaining bat-
tery power and reduces the amount of electricity used
along with the decrease in the remaining battery power
(see Patent Document 2, for example). In such a con-
struction machine, since the actuating rate of the hydrau-
lic actuator is reduced by reducing the amount of elec-
tricity output to an electric device, the amount of electricity
used can be reduced and an operator can confirm the
decrease in remaining battery power.

PRIOR ARTS LIST

PATENT DOCUMENTS

[0007]

Patent Document 1: Japanese Laid-open Patent
Publication No. 2008-214970(A)
Patent Document 2: Japanese Laid-open Patent
Publication No. 2008-63902(A)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In the conventional hydraulic control device
configured as shown in FIG. 11, a single electric motor
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M actuates the traveling of the construction machine, the
driving and revolving of the power shovel mechanism,
the supply of pilot pressure, and the like. Therefore, there
are problems in that it is not possible to set or control
factors such as an amount of operating oil suited to the
desired drive amount of each hydraulic actuator, operat-
ing oil is supplied to the hydraulic pumps needlessly, and
the electric motors consume energy needlessly.
[0009] A problem with the electrically driven construc-
tion machine disclosed in Patent Document 2 described
above is that although the amount of electricity used can
be reduced, a plurality of inverters are still needed and
cost rises. Another problem is that the space occupied
by the devices increases, such as the need to ensure
new space for installing the devices because the number
of devices increases, and the structure becomes com-
plicated.
[0010] Because of such problems, an object of the
present invention is to provide a hydraulic control device
for a construction machine wherein the drive rate of an
electric motor can be reduced in order to minimize cost
and conserve energy, and needless energy consumption
can be minimized.

MEANS TO SOLVE THE PROBLEMS

[0011] To resolve the problems described above, the
hydraulic control device for a construction machine ac-
cording to the present invention is part of a construction
machine comprising a hydraulically actuated first hydrau-
lic actuator group (e.g., the boom cylinder 15a, arm cyl-
inder 16a, and bucket cylinder 17a in the embodiments)
and a hydraulically actuated second hydraulic actuator
group (e.g., the revolution motor 8 in the embodiments)
used less frequently than the first hydraulic actuator
group, and having mechanisms driven by the first hy-
draulic actuator group and the second hydraulic actuator
group, the hydraulic control device comprising a first hy-
draulic pump (e.g., the primary pumps P1, P2 in the em-
bodiments) for supplying the first hydraulic actuator
group with operating oil for actuating the first hydraulic
actuator group, a first electric motor for driving the first
hydraulic pump, a second hydraulic pump (e.g., the sec-
ondary pumps P3, P4 in the embodiments) for supplying
the second hydraulic actuator group with operating oil for
actuating the second hydraulic actuator group, the sec-
ond hydraulic pump having a lower volume than the first
hydraulic pump, a second electric motor for driving the
second hydraulic pump, first hydraulic actuator operating
means (e.g., the boom operation lever, arm operation
lever, and bucket operation lever of the operating means
20 in the embodiments) operated in order to perform ac-
tuation control on the first hydraulic actuator group, sec-
ond hydraulic actuator operating means (e.g., the revo-
lution operation lever of the operating means 20 in the
embodiments) operated in order to perform actuation
control on the second hydraulic actuator group, pilot pres-
sure output means (e.g., the pilot valve 72 and the remote

control valve group 75 in the embodiments) which uses
operating oil supplied by the second hydraulic pump to
output a pilot pressure according to the operation of the
first hydraulic actuator operating means and the second
hydraulic actuator operating means, a first operating oil
control valve (e.g., the primary control valve group 50 in
the embodiments) which is driven by a first pilot pressure
outputted by the pilot pressure output means in accord-
ance with the operation of the first hydraulic actuator op-
erating means, and which performs flow rate control on
the operating oil supplied from the first hydraulic pump
to the first hydraulic actuator group so that the flow rate
of the operating oil reaches a rate corresponding to the
first pilot pressure, and a second operating oil control
valve (e.g., the secondary control valve group 60 in the
embodiments) which is driven by a second pilot pressure
outputted by the pilot pressure output means in accord-
ance with the operation of the second hydraulic actuator
operating means, and which performs flow rate control
on the operating oil supplied from the second hydraulic
pump to the second hydraulic actuator group so that the
flow rate of the operating oil reaches a rate corresponding
to the second pilot pressure.
[0012] The pilot pressure output means preferably has
an accumulator which stores operating oil supplied by
the second hydraulic pump and which can output this
stored operating oil with a steady oil pressure.
[0013] The hydraulic control device for a construction
machine preferably further comprises pilot pressure de-
tection means (e.g., the pressure sensor 74 in the em-
bodiments) for detecting a value of the pilot pressure out-
putted by the pilot pressure output means, and motor
control means (e.g., the control device 90) for detecting
the pilot pressure value detected by the pilot pressure
detection means and causing the second electric motor
to be driven when the pilot pressure value is equal to or
less than a predetermined value.
[0014] Furthermore, the first electric motor is prefera-
bly selected based on a frequency distribution of actuat-
ing torque for the first hydraulic actuator group, and the
second electric motor is preferably selected based on a
frequency distribution of actuating torque for the second-
ary actuator group.
[0015] In the hydraulic control device for a construction
machine of the above configuration, the first hydraulic
pump may be configured from a variable-volume hydrau-
lic pump, and the hydraulic control device may comprise
volume-varying means (e.g., the volumetric cylinder 137
in the embodiments) for varying the maximum permissi-
ble volume of the first hydraulic pump, a battery for sup-
plying the first electric motor with electricity for driving
the first electric motor, and a controller which detects
remaining battery power of the battery and performs a
control for actuating the volume-varying means and re-
ducing the maximum permissible volume of the first hy-
draulic pump in accordance with a decrease in the re-
maining battery power.
[0016] In this case, a switch (e.g., the energy-saving
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mode switch 20a in the embodiments) is preferably pro-
vided which can switch the controller between performing
and not performing the control for reducing the maximum
permissible volume of the first hydraulic pump.
[0017] Furthermore, preferably, the second hydraulic
pump is configured from a variable-volume hydraulic
pump, the hydraulic control device comprises second vol-
ume-varying means for varying the maximum permissi-
ble volume of the second hydraulic pump, electricity for
driving the second electric motor is supplied to the second
electric motor from the battery, and the hydraulic control
device is configured so that the controller detects the
remaining battery power of the battery and performs a
control for actuating the second volume-varying means
and reducing the maximum permissible volume of the
second hydraulic pump in accordance with the decrease
in the remaining battery power. In this case, a second
switch is preferably provided which can switch the con-
troller between performing and not performing the control
for reducing the maximum permissible volume of the sec-
ond hydraulic pump.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0018] As described above, in the hydraulic control de-
vice for a construction machine according to the present
invention, first and second electric motors are provided
respectively to the first hydraulic pump for supplying op-
erating oil to the first hydraulic actuator group and the
second hydraulic pump for supplying operating oil to the
second hydraulic actuator group. Consequently, it is pos-
sible, for example, to use the first electric motor for travel
and for driving the power shovel mechanism and to use
the second electric motor for revolving and for actuating
the blade. The second hydraulic pump can therefore be
activated at low rotation during travel, there is no need
to uselessly activate the electric motors, and energy can
therefore be conserved.
[0019] In the hydraulic control device for a construction
machine according to the present invention, when an ac-
cumulator is provided, the operating oil for supplying pilot
pressure can be stored and oil pressure maintained, and
it is therefore possible to actuate the first hydraulic actu-
ator group while the second hydraulic pump has been
stopped rather than activated. Furthermore, providing
the motor control means makes it possible to activate the
electric motors solely when pilot pressure is needed, and
the activation of the electric motors can therefore be fur-
ther minimized.
[0020] Furthermore, in the hydraulic control device for
a construction machine according to the present inven-
tion, the first and second electric motors are selected
based on the respective frequency distributions of the
actuating torques of the first and second hydraulic actu-
ators, whereby the motor efficiency of the first electric
motor and second electric motor can be improved.
[0021] The hydraulic pumps are variable volume mod-
els, and the controller detects the remaining battery pow-

er performs a control for causing the volume-varying
means to reduce the maximum volumes of the hydraulic
pumps in accordance with the decrease in the detected
remaining battery power, whereby it is possible to reduce
the amount of electricity used and extend the life of the
battery while minimizing cost and the space occupied by
the machinery and maintaining a simple configuration.
Furthermore, due to the hydraulic pumps being volume
variable models, even when the load suddenly increases,
the pumps’ own pressures are fed back to prevent the
absorption torques of the hydraulic pumps from increas-
ing, and the maximum electric current therefore ceases
to flow from the battery as shown in FIG. 10B. Therefore,
it is possible to prevent the above-described sudden
drops in voltage, the output of voltage drop errors, and
stopping of the construction machine.
[0022] By providing the controller with a switch that
enables selection of either reducing the maximum vol-
umes of the hydraulic pumps or not reducing the maxi-
mum volumes, it is possible to make the controller not
reduce the maximum volumes in cases such as when
work must be performed quickly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a side view of a power shovel showing an
example of a construction machine in which the hy-
draulic control device according to the present in-
vention is applied;
FIG. 2 is a hydraulic circuit showing a hydraulic con-
trol device for performing actuating control of a hy-
draulic actuator of the power shovel;
FIG. 3 shows graphs comparing cases in which two
electric motors are used and one electric motor is
used in the hydraulic control device, wherein FIGS.
3A and 3B show the frequency distribution of torque
in a case in which four hydraulic pumps are activated
by one electric motor and a case in which two hy-
draulic pumps are activated (two primary pumps in
FIG. 3A and two secondary pumps in FIG. 3B), and
FIG. 3C is a graph showing the torque characteristics
of two electric motors;
FIG. 4 contains graphs showing the relationship be-
tween pilot pressure and secondary pump rotational
speed in the hydraulic control device;
FIG. 5 is a hydraulic circuit showing a second hy-
draulic control device according to the second em-
bodiment;
FIG. 6 is a graph showing the P-Q characteristics of
the hydraulic pumps before and after the maximum
volume of the hydraulic pumps is reduced in the sec-
ond hydraulic control device;
FIG. 7 contains views showing the relationship be-
tween the oil pressure and the electric current out-
putted by the battery and the relationship between
the oil pressure and the rotational speed of the elec-
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tric motor in the hydraulic control device, wherein
FIG. 7A is a graph showing the relationship between
oil pressure and electric current in normal mode or
energy-saving mode and FIG. 7B is a graph showing
the relationship between oil pressure and the rota-
tional speed of the electric motor;
FIG. 8A and FIG.8B contain graphs showing the re-
lationship between the volume (discharge volume)
of the hydraulic pumps and the remaining battery
power in the hydraulic control device;
FIG. 9A is a view of the hydraulic control device
showing a modification of the configuration of the
controller and volumetric cylinder periphery, FIG. 9B
is a graph showing the relationship between dis-
charge volume and discharge pressure in the case
of no elastic member in the volumetric cylinder in this
modification, FIG. 9C is a graph showing the rela-
tionship between discharge volume and discharge
pressure in the case of an elastic member in the vol-
umetric cylinder in this modification;
FIG. 10A and FIG.10B contain graphs showing the
variations in voltage and electric current caused by
varying the pump pressure as well as their relation-
ship with time, wherein FIG. 10A is a graph of a case
in which a fixed volume hydraulic pump is used and
FIG. 10B is a graph of a case in which a variable
volume hydraulic pump is used; and
FIG. 11 is a hydraulic circuit diagram showing an
example of a conventional hydraulic control device.

DESCRIPTION OF THE EMBODIMENTS

[0024] Preferred embodiments of the present inven-
tion are described hereinbelow with reference to FIG. 1.
A crawler-type power shovel 1 (hereinbelow referred to
as a power shovel 1) is described as an example of the
construction machine according to the present invention.
The power shovel 1 described herein is an electrically
driven construction machine which actuates using elec-
tricity, and, having the same essential configuration as
the conventional example, is configured from a travel de-
vice 2 having a pair of left and right crawler travel mech-
anisms, a revolving mechanism 3 provided to the top of
the travel device 2, a driver cabin 4 provided to the top
of the revolving mechanism 3 and capable of horizontal
revolution, a power shovel mechanism 5 attached to the
front of the driver cabin 4 and capable of horizontal rev-
olution, a blade 6 (an earth-moving plate) provided to be
free to swing o the rear of the driver cabin 4, and other
components.
[0025] The travel device 2 is configured from crawler
mechanisms provided to the left and right sides of a travel
frame 2d, the crawler mechanisms being composed of
drive wheels 2a, driven wheels 2b, and crawler belts 2c
wrapped around the drive wheels 2a and driven wheels
2b. These mechanisms are configured so that the drive
wheel 2a provided to the right side is driven by a right
travel hydraulic motor 7R (see FIG. 2), and the drive

wheel 2a provided to the left side is driven by a left travel
hydraulic motor 7L (see FIG. 2). The revolving mecha-
nism 3 is provided to the center top part of the travel
frame 2d, and the revolving mechanism 3 is designed so
that by tilting a revolution operating lever of an operating
device 20 described hereinafter, the driving of a revolu-
tion motor 8 (see FIG. 2) described hereinafter can be
controlled to revolvably drive the driver cabin 4.
[0026] A vehicle body frame 9 is provided in the bottom
of the driver cabin 4, a hydraulic control device 30, de-
scribed hereinafter, is mounted in the top of the vehicle
body frame 9 and in the rear of the driver cabin 4, and
the hydraulic control device 30 is covered by a cover
member 13. The driver cabin 4 is provided with an oper-
ator seat 11 in which the operator can ride and the op-
erating device 20 for operating the various actions of the
power shovel 1 as shown in FIG. 1, and by riding in the
operator seat 11 and operating the operating device 20,
the operator can operate the actions of the power shovel
1.
[0027] The power shovel mechanism 5 is configured
from a boom 15 which is pivotally connected so as to be
free to horizontally revolve or swing on a main body piv-
otally connecting part 14 formed protruding toward the
front of the vehicle body frame 9, an arm 16 pivotally
connected to the distal end of the boom 15 so as to be
capable of swinging up and down in the same vertical
plane, and a bucket 17 pivotally connected to the distal
end of the arm 16 so as to be capable of swinging up and
down in the same vertical plane. A swing-side pivotally
connected part 18 and a swinging cylinder 18a are pro-
vided to the front of the vehicle body frame 9, and the
swing-side pivotally connected part 18 can be swung by
the reciprocating action of the swinging cylinder 18a. A
boom cylinder 15a which causes the boom 15 to swing
up and down is provided as a connection between the
swing-side pivotally connected part 18 and the boom 15,
an arm cylinder 16a which causes the arm 16 to swing
up and down is provided as a connection between the
boom 15 and the arm 16, and a bucket cylinder 17a and
link 17b which cause the bucket 17 to swing up and down
are provided as a connection between the arm 16 and
the bucket 17. The blade 6 is designed so that it can be
swung by the reciprocating action of a blade cylinder 6a.
[0028] The power shovel 1 also comprises a quick
hitch mechanism (not shown) for disengaging a chip
breaker, an auger device, and other various attachments
at the distal end of the arm 16; and a quick hitch cylinder
90 (see FIG. 2) described hereinafter for actuating the
attachments engaged by the quick hitch mechanism. The
supplied amount and supply direction of operating oil
supplied to the quick hitch cylinder 90 can be controlled
and the actuating of the attachments attached to the quick
hitch mechanism can be controlled by the hydraulic con-
trol device 30 described hereinafter.
[0029] The hydraulic actuators described above (the
left and right travel hydraulic motors 7L, 7R, the boom
cylinder 15a, the arm cylinder 16a, the bucket cylinder
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17a, the swinging cylinder 18a, the blade cylinder 6a, the
revolution motor 8, the quick hitch cylinder 90) are actu-
ated by the supply of operating oil (oil pressure), and the
hydraulic control device 30 (see FIG. 2) controls the
amount and direction of operating oil supplied to the hy-
draulic actuators in accordance with the operation of the
operating device 20 by the operator, thereby causing the
power shovel 1 to travel, the power shovel mechanism
5 to actuate, the driver cabin 4 to revolve, etc.; and en-
abling traveling, excavating, revolving, and other opera-
tions. The operating device 20 is configured from a travel
operation lever for operating the travel of the power shov-
el 1, a revolving operation lever for operating the revolu-
tion of the driver cabin 4, a boom operation lever for per-
forming operations of the boom, arm, bucket, and other
components, an arm operation lever, a bucket operation
lever, and the like.
[0030] The operations performed by the power shovel
1 described above are mostly excavating (the actuating
of the power shovel mechanism 5) and traveling (these
are referred to as the main operations hereinbelow). Op-
erations such as the revolving of the driver cabin 4 and
the reciprocating of the blade 6 (hereinbelow referred to
as the sub-operations) are supplementary to the main
operations, and are therefore used less frequently than
the main operations. Specifically, when these operations
are performed, eight tenths of the total operating oil being
supplied to the hydraulic actuators is supplied for the ac-
tuating of the boom, arm, and bucket, i.e. for excavating
(actuating the power shovel mechanism 5), while the oth-
er two tenths is supplied for traveling, revolving the driver
cabin 4, and the like. Thus, while excavating (actuating
the power shovel mechanism 5) requires a large amount
of operating oil, the other operations require only a small
amount of operating oil in comparison with actuating the
power shovel mechanism 5.
[0031] The conventional hydraulic control device is
configured from a control valve for controlling factors
such as the amount of operating oil supplied to the hy-
draulic actuators, a hydraulic pump for discharging op-
erating oil, an electric motor for activating the hydraulic
pump, an operating oil tank for storing operating oil, and
other components, but the conventional hydraulic control
device is often provided with only one electric motor. In
such a hydraulic control device, since the actuating of all
of the hydraulic actuators is performed by one electric
motor, a problem occurs in that the electric motor is driven
at the same drive rate as operations requiring a large
amount of operating oil even when performing operations
that do not require a large amount of operating oil, oper-
ating oil is repeatedly supplied and relieved needlessly,
and energy is consumed needlessly.
[0032] In view of this, in the present embodiment, the
travel motors 7L, 7R, the boom cylinder 15a, the arm
cylinder 16a, the bucket cylinder 17a, and the swinging
cylinder 18a for performing the main operations such as
traveling and excavating are designated as the primary
actuator group, the revolution motor 8 and the blade cyl-

inder 6a for performing the sub-operations are designat-
ed as the secondary actuator group, and different electric
motors and hydraulic pumps are used for the primary
actuator group and the secondary actuator group. Spe-
cifically, the operating oil supplied to the primary actuator
group is supplied by the first and second hydraulic pumps
P1, P2 (hereinbelow referred to as the primary pumps
P1, P2), and the primary pumps P1, P2 are driven by a
first electric motor M1, as shown in FIG. 2. The operating
oil supplied to the secondary actuator group and a here-
inafter-described pilot oil passage 70 is supplied by the
third and fourth hydraulic pumps P3, P4 (hereinbelow
referred to as the secondary pumps P3, P4, and the sec-
ondary pumps P3, P4 are driven by a second electric
motor M2. The first and second electric motors M1, M2
receive AC voltage from a power source unit 80 config-
ured from a battery and an inverter, whereby the motors
are driven. The power shovel 1 in the present embodi-
ment uses a so-called manual system (link system), and
when the power shovel 1 is traveling, revolving and other
actions are not performed, nor are the secondary pumps
P3, P4 activated. Therefore, traveling is categorized as
a main operation and the driving thereof is achieved by
the supply of operating oil from the primary pumps P1, P2.
[0033] Thus, a total of two electric motors are provided,
one for the supply of operating oil to the primary actuator
group and one for the supply of operating oil to the sec-
ondary actuator group, thereby making it possible to re-
duce the amount of operating oil supplied during the sub-
operations (revolving and blade reciprocating) which do
not require a large amount of operating oil, and also to
prevent needless energy consumption.
[0034] The hydraulic control device 30 is configured
comprising a primary control valve group 50, a secondary
control valve group 60, the above-described primary
pumps P1, P2 and secondary pumps P3, P4, the first
and second electric motors M1, M2, and an operating oil
tank 40, as shown in FIG. 2. The primary control valve
group 50 is configured from left and right travel control
valves 52, 53, a boom control valve 55, an arm control
valve 56, a bucket control valve 57, a swing control valve
58, and a quick hitch control valve 59 which respectively
control the operating oil supplied to the travel motors 7L,
7R, the boom cylinder 15a, the arm cylinder 16a, the
bucket cylinder 17a, the swinging cylinder 18a, and the
quick hitch cylinder 90. The secondary control valve
group 60 is configured comprising a blade control valve
66 and a revolving control valve 68 for controlling the
operating oil supplied to the blade cylinder 6a and the
revolution motor 8.
[0035] The boom control valve 55, the arm control
valve 56, the bucket control valve 57, and the revolving
control valve 68 are each configured comprising a spool,
and are also configured so that the spools move accord-
ing to the pilot pressure of the operating oil supplied
through a remote control valve group 75 (described in
detail hereinafter) and a pilot valve 72 (described in detail
hereinafter), which are opened and closed by the sec-
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ondary pump P4 according to the amount the operating
device 20 is operated. The operating oil is supplied from
the pilot valve 72 through the pilot oil passage 70 to the
boom control valve 55, the arm control valve 56, the buck-
et control valve 57, and the revolving control valve 68,
and the supply of operating oil to the boom cylinder 15a,
the arm cylinder 16a, the bucket cylinder 17a, and the
revolution motor 8 can be controlled by the movement of
the spools. In addition to the aforementioned remote con-
trol valve group 75 and pilot valve 72, the pilot oil passage
70 is also provided with a relief valve 71, an accumulator
73, a pressure sensor 74, and other components.
[0036] The relief valve 71 is a valve for relieving the
operating oil tank 40 of operating oil when the pilot pres-
sure has risen above a predetermined set value, and is
provided between the pilot valve 72 and the operating oil
tank 40. This pilot pressure is detected by the pressure
sensor 74 which is provided between the pilot valve 72
and the remote control valve group 75, and the detected
pilot pressure is transmitted to a control device 90. The
control device 90 is designed to be capable of controlling
the activation (rotational speed) of the secondary pumps
P3, P4 on the basis of the detected value.
[0037] The remote control valve group 75 is configured
from a revolution motor remote control valve 76, a boom
cylinder actuation remote control valve, an arm cylinder
actuation remote control valve, and a bucket cylinder ac-
tuation remote control valve, which are driven respec-
tively by a revolving operation lever, a boom operation
lever, an arm operation lever, and a bucket operation
lever. Since the revolution motor remote control valve
76, the boom cylinder actuation remote control valve, the
arm cylinder actuation remote control valve, and the
bucket cylinder actuation remote control valve all have
the same configuration, only the revolution motor remote
control valve 76 is described hereinbelow, and only the
revolution motor remote control valve 76 is shown in FIG.
2.
[0038] The revolution motor remote control valve 76
has a P port (a pump port) 76p, a T port (a tank port) 76t,
and an A port 76a; and the secondary pump P4 is con-
nected to the P port 76p, the operating oil tank 40 is con-
nected to the T port 76t, and the pilot valve 72 is con-
nected to the A port 76a. The P port 76p is usually
blocked, but when the revolving operation lever is oper-
ated, the P port 76p is communicated with the A port 76a,
operating oil from the secondary pump P4 is supplied to
the pilot oil passage 70, and the pilot pressure (remote
control pressure) thereof is outputted to the revolving
control valve 68 via the pilot oil passage 70.
[0039] The accumulator 73 is provided as being con-
nected to the pilot valve 72, and is capable of storing up
the operating oil discharged from the secondary pump
P4. When the supply of operating oil from the secondary
pump P4 is stopped, the accumulator 73 is capable of
releasing the stored up operating oil to the pilot oil pas-
sage 70, and oil pressure can be maintained by this stor-
ing up and releasing of operating oil. Since the power

shovel 1 uses a manual system (a link system) as de-
scribed above, providing this accumulator 73 makes it
possible to temporarily completely stop the secondary
pump P4 supplying the pilot pressure while the power
shovel 1 is traveling. Specifically, even when the second-
ary pump P4 is stopped, the pilot pressure can be sup-
plied from the pilot valve 72 to the hydraulic actuators
(described in detail hereinafter) by the release of oper-
ating oil from the accumulator 73.
[0040] In the hydraulic control device 30 configured as
described above, the needless supply of operating oil
can be reduced by providing respective electric motors
(the first and second electric motors M1, M2) to the pri-
mary actuator group and the secondary actuator group,
and the reasons for this are described while referring to
FIG.3. FIGS. 3A and B show the respective torque fre-
quency distributions in a case in which the primary pumps
P1, P2 and the secondary pumps P3, P4 are activated
using only one electric motor M, and a case in which the
first and second electric motors M1, M2 are used, wherein
the primary pumps P1, P2 are activated by the first elec-
tric motor M1 and the secondary pumps P3, P4 are ac-
tivated by the second electric motor M2. In the graphs of
FIGS. 3A and B, the dashed lines show a torque frequen-
cy distribution in a case of one electric motor M and the
solid lines show a torque frequency distribution in a case
of two electric motors (M1, M2). FIG. 3A shows the torque
frequency distribution of the first electric motor M1, and
FIG. 3B shows the torque frequency distribution of the
second electric motor M2.
[0041] When these torque frequency distributions are
compared, in the case of using one electric motor as
shown in FIG. 3A, the torque frequency distribution re-
mains substantially uniform between 0 and 50 (Nm). In
the case of using two electric motors, the actuator con-
nected to the first electric motor M1 is different from the
actuator connected to the second electric motor M2, and
the torque frequency distributions of the first electric mo-
tor M1 and the second electric motor M2 therefore con-
centrate at different values. Therefore, the electric motors
can be efficiently utilized by selecting motors with similar
frequency distributions and torque characteristics as the
first and second electric motors M1, M2. For example, in
a case in which the torque frequency distribution of the
first electric motor M1 concentrates at 25 Nm as shown
in FIG. 3A, the energy of the electric motor can be effi-
ciently utilized by selecting a motor 102 having charac-
teristics such that the torque frequency distribution con-
centrates at 25 Nm as shown in FIG. 3C as the first elec-
tric motor M1.
[0042] FIG. 4 is referenced to describe the relationship
between the pilot pressure when the power shovel 1 is
traveling and the rotational speed of the secondary pump
P4 whose maximum rotational speed is 3800 rpm, for
example, in the hydraulic control device 30. First, the pilot
pressure at time 0 is 3.5 MPa, and the accumulation of
pressure in the accumulator 73 is complete at this time.
After the secondary pump P4 has been stopped in this
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state, if the excavating operation is performed by the var-
ious operation levers of the operating device 20, the ex-
cavating operation can be continued by the pilot pressure
of the operating oil because the operating oil whose pres-
sure has accumulated in the accumulator 73 is released.
When the operating oil proceeds to be released by the
accumulator 73, the pilot pressure begins to gradually
decrease, and when the control device 90 has detected
that the pilot pressure has decreased to 1.0 MPa, for
example, the control device 90 activates the secondary
pump P4 at approximately 1000 rpm, far lower than the
maximum rotational speed. After the secondary pump
P4 has been activated, the pilot pressure begins to rise
and the accumulator 73 again begins to accumulate pres-
sure. The control device 90 then again stops the second-
ary pump P4 upon detecting that the pilot pressure has
risen to 3.5 MPa, for example.
[0043] Thus, the operations of the power shovel 1 can
be continued even if the secondary pump P4 has been
temporarily completely stopped. Furthermore, even
when the pilot pressure has decreased, there is no need
to rotate the secondary pump P4 at the maximum rota-
tional speed (3800 rpm), and pilot pressure can still be
supplied even if the secondary pump P4 is activated at
a lower rotation. The aforementioned pilot pressure up-
per limit (3.5 MPa) and lower limit (1.0 MPa) and the
rotational speed (1000 rpm) of the secondary pump P4
are not limited to the aforementioned values and can be
varied as desired.
[0044] The hydraulic control device in the embodiment
described above is provided with a total of two electric
motors, one for the primary actuator group and one for
the secondary actuator group, whereby the supply of
needless energy by the electric motors can be reduced.
Providing the accumulator 73 makes it possible to reduce
or temporarily stop the rotational speed of the secondary
pump P4, and an energy conservation effect can be
achieved.
[0045] The present invention should not be interpreted
as being limited to the embodiment described above, and
suitable improvements can be made within a range that
does not deviate from the scope of the present invention.
For example, in the embodiment described above, an
example was described in which the accumulator 73 was
provided and the rotational speed of the secondary pump
P4 was reduced or temporarily stopped, but the rotational
speeds of the primary pumps P1, P2 can also be reduced
or temporarily stopped by providing the same accumu-
lators to the oil passages for operating oil supplied from
the primary pumps P1, P2.
[0046] In the embodiment described above, an exam-
ple was described in which the first and second electric
motors M1, M2 were provided respectively to the primary
pumps P1, P2 and the secondary pumps P3, P4, thereby
allowing different torque frequency distributions to be ob-
tained and the energy of the electric motors to be effi-
ciently utilized, but the method of disposing electric mo-
tors is not limited to this example, and electric motors

may also be provided respectively to the first hydraulic
pump P1 and the second hydraulic pump P2, for exam-
ple. Different torque frequency distributions can be ob-
tained and the energy of the electric motors can be more
efficiently utilized even when the electric motors are pro-
vided in this manner.
[0047] Next, a second preferred embodiment accord-
ing to the present invention will be described. In this em-
bodiment as well, a crawler-type power shovel 1 having
the same configuration as described above is used as
the construction machine according to the present inven-
tion. Structural components identical to those of the pow-
er shovel 1 are denoted by the same numbers and are
not described.
[0048] This embodiment has a description of the pri-
mary actuator group for performing the above-described
main operations (the left and right travel motors 7L, 7R,
the boom cylinder 15a, the arm cylinder 16a, the bucket
cylinder 17a, and the swinging cylinder 18a), and the
configuration for controlling the supply of operating oil
(oil pressure) to the main operation actuator group. In
this embodiment, a hydraulic control device 110 is pro-
vided for performing operating oil supply control for the
main operation actuator group. This hydraulic control de-
vice 110 is configured as shown in FIG. 5, and the amount
and direction of operating oil supplied to the hydraulic
actuators are controlled according to the operation of the
operating device 20 by the operator, thereby enabling
traveling, excavating, and other operations of the power
shovel 1.
[0049] The hydraulic control device 110 is configured
comprising first and second control valve groups 120,
130, first and second hydraulic pumps P1, P2, an electric
motor M, an inverter 136, a volumetric cylinder 137, first
and second pressure sensors 138, 139, an operating oil
tank 140, a controller 150, a battery 160, and other com-
ponents, as shown in FIG. 5. The first control valve group
120 is configured comprising a left travel control valve
121, a boom travel control valve 122, and a bucket control
valve 132 for performing controls such as the amount of
operating oil supplied to the left travel motor 7L, the boom
cylinder 15a, and the bucket cylinder 17a, respectively.
The second control valve group 130 is configured com-
prising a right travel control valve 131, an arm control
valve 123, and a swing control valve 133 for performing
controls such as the amount of operating oil supplied to
the right travel motor 7R, the arm cylinder 16a, and the
swinging cylinder 18a, respectively. The boom travel con-
trol valve 122, the arm control valve 123, and the bucket
control valve 132 each house a spool, and the spools
can be moved by pilot pressure supplied from a pilot valve
(not shown). Factors such as the amount of operating oil
supplied to the boom cylinder 15a, the arm cylinder 16a,
and the bucket cylinder 17a can be controlled by this
spool movement.
[0050] The first and second hydraulic pumps P1, P2
are provided in order to perform the traveling and exca-
vating of the power shovel 1 (the actuating of the power
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shovel mechanism 5), connected with the output shaft
(not shown) of the electric motor M, and configured so
as to both discharge operating oil obtained from the op-
erating oil tank 140 along with the driving of the electric
motor M. The first and second hydraulic pumps P1, P2
are so-called swash plate piston pumps having swash
plates (not shown), wherein the angles of the swash
plates can be varied. The amount of operating oil dis-
charged (discharge amount) can be varied by varying
these angles.
[0051] In the first and second hydraulic pumps P1, P2
in the present embodiment, the discharge volume is not
controlled (feedback control) based on the pressure of
the discharged operating oil (the detected values of the
first and second pressure sensors 138, 139 described
hereinafter). Therefore, the discharge volumes of the first
and second hydraulic pumps P1, P2 do not fluctuate even
if the load torque of the electric motor M increases and
the discharge pressure fluctuates, as shown in FIG. 6.
The electric motor M is driven by a supply of AC electricity
which has a predetermined voltage and frequency and
which has been converted via the inverter 136 from DC
electricity supplied from the battery 160 described here-
inafter.
[0052] The first and second pressure sensors 138, 139
are provided so as to be connected to the oil passages
of the operating oil supplied from the first and second
hydraulic pumps P1, P2 respectively, and the first pres-
sure sensor 138 detects the pressure of operating oil
discharged from the first hydraulic pump P1, while the
second pressure sensor 139 detects the pressure of op-
erating oil discharged from the second hydraulic pump
P2. The oil pressures detected by the first and second
pressure sensors 138, 139 are both outputted to the con-
troller 150.
[0053] The controller 150 is capable of detecting the
remaining battery power from the value of the electric
current supplied from the battery 160 described herein-
after, and the controller 150 outputs a volume variation
signal to the volumetric cylinder 137 in accordance with
the detected remaining battery power. The volumetric
cylinder 137 is configured to be free to reciprocate, and
is designed so as to reciprocate according to the volume
variation signal. The angles of the swash plates of the
first and second hydraulic pumps P1, P2 can be varied
according to this reciprocation, and the volumetric cylin-
der 137 can vary the maximum volumes of the first and
second hydraulic pumps P1, P2 by varying the angles of
the swash plates.
[0054] The battery 160 is provided in order to supply
DC electricity to the inverter 136 and the controller 150,
and the maximum value of the battery’s output electric
current is 30 A in this embodiment. The pressure of the
operating oil discharged from the first and second hy-
draulic pumps P1, P2 increases in proportion to this out-
put electric current. Both the relationship between the
size of the electric current supplied from the battery 160
and the pressure (oil pressure) of the operating oil dis-

charged from the first and second hydraulic pumps P1,
P2, and the relationship between the rotational speed of
the electric motor M and the oil pressure, are such that
when the load torque of the electric motor M increases,
the rotational speed of the electric motor M is maintained
at a constant value as shown in FIGS. 7A and B, and the
oil pressure and electric current supplied from the battery
160 therefore increase as well. When the load torque
reaches a certain constant value or greater, the electric
current reaches an upper limit of 30 A and does not in-
crease any further, and the rotational speed of the electric
motor M decreases. The output of the electric motor M
is 7 kW in the present embodiment.
[0055] The operating device 20 is configured from a
travel operating lever for operating the travel of the power
shovel 1; and a boom operating lever, an arm operating
lever, a bucket operating lever, and the like for operating
a boom, an arm, a bucket, and other components. The
operating device 20 is provided with an energy-saving
mode switch 20a, the energy-saving mode switch 20a is
capable of being turned on and off, and the energy-saving
mode switch 20a can switch to an energy-saving mode
when turned on and switched to a normal mode when
turned off. When the energy-saving mode switch 20a is
turned on to switch to energy-saving mode, the controller
150 performs a control for reducing the maximum volume
of the first and second hydraulic pumps P1, P2 in accord-
ance with the decrease in remaining battery power of the
battery 160. Specifically, when the maximum volume of
the first and second hydraulic pumps P1, P2 is lowered
as shown by the arrow and dashed line in FIG. 6, the
discharge volumes do not exceed the maximum volume
even if the discharge pressure decreases, and the
amount of electricity output by the battery 160 can there-
fore be minimized. Thus, in energy-saving mode, the
amount of electricity can be minimized by reducing the
maximum volume and the battery 160 can be used over
a longer period of time. In normal mode, on the other
hand, the controller 150 is not made to reduce the max-
imum volume of the first and second hydraulic pumps
P1, P2, and the controller 150 can be made to actuate
the hydraulic actuators quickly.
[0056] In the hydraulic control device 110 configured
as described above, by providing energy-saving mode
and making the controller 150 perform control so that the
maximum volume of the first and second hydraulic pumps
P1, P2 is reduced according to the decrease in the re-
maining battery power, the electricity consumed by the
battery 160 is minimized and the active time duration can
be extended. The operating speed also decreases when
energy-saving mode is activated and the volume of the
first and second hydraulic pumps P1, P2 is reduced, but
it is also possible to not lower oil pressure (power), and
the operator can be made aware from this speed de-
crease that the remaining battery power has decreased.
Specifically, when the first and second hydraulic pumps
P1, P2 are activated at a point in time when the remaining
battery power is 100%, during which the maximum vol-

15 16 



EP 2 444 555 A1

10

5

10

15

20

25

30

35

40

45

50

55

ume of the first and second hydraulic pumps P1, P2 is
4.5 cc/rev, for example, the remaining battery power
gradually decreases from 100% as shown in FIG. 8.
When the controller 150 then detects that the remaining
battery power has decreased to 50%, the controller out-
puts a volume variation signal to the volumetric cylinder
137, and the volumetric cylinder 137 varies the angles
of the swash plates of the first and second hydraulic
pumps P1, P2 to reduce the maximum volume. At this
time, the speeds of the hydraulic actuators decrease, and
the operator can perceive that the remaining battery pow-
er is low. The maximum volume is designed to decrease
to 3.0 cc/rev when the remaining battery power reaches
0%.
[0057] As described above, since the hydraulic control
device 110 in the above-described embodiment is capa-
ble of reducing the maximum volume of the first and sec-
ond hydraulic pumps P1, P2 in accordance with the de-
crease in the remaining battery power, the active time
duration of the battery 160 can be extended. During en-
ergy-saving mode in which the maximum volume of the
first and second hydraulic pumps P1, P2 is reduced in
accordance with the decrease in remaining battery pow-
er, the electric current output from the battery 160 can
be reduced in comparison with normal mode in which the
maximum volume is not varied, as shown in FIG. 7A.
[0058] In the embodiment described above, an exam-
ple was described in which the first and second pressure
sensors 138, 139 detect the pressures of operating oil
discharged from the first and second hydraulic pumps
P1, P2 respectively, the detected values are output to
the controller 150, and the controller 150 outputs a vol-
ume variation signal to the volumetric cylinder 137 to vary
the volume of the first and second hydraulic pumps P1,
P2, but the configurations of the controller and volumetric
cylinder are not limited to this example.
[0059] For example, in the hydraulic control device 110
having a configuration such as the one shown in FIG. 5,
signal conversion means (not shown) for converting elec-
tric signals to oil pressure signals, such as a proportional
valve, must be provided between the controller 150 and
the volumetric cylinder 137. In view of this, this type of
configuration may be modified and an ON-OFF valve
145, which communicates with the oil passages of oper-
ating oil discharged from the first and second hydraulic
pumps P1, P2, may be provided between the oil passag-
es and the volumetric cylinder 137 as shown in FIG. 9A.
With this type of configuration, the first and second pres-
sure sensors 138, 139 can be omitted, the ON-OFF valve
145 and the controller 150 can be less expensive models
than the proportional valve and the controller described
above, and the overall cost of the hydraulic control device
can therefore be lowered.
[0060] The volumetric cylinder 137 in the configuration
shown in FIG. 9A can have a spring or another elastic
member attached, and the relationship between dis-
charge volume and pressure of the first and second hy-
draulic pumps P1, P2 in the case of no elastic member

is shown in FIG. 9B, while the relationship in the case of
the elastic member is shown in FIG. 9C. Specifically, in
the case of no elastic member, the first and second hy-
draulic pumps P1, P2 are configured to vary their volumes
based on their own pressures, and the discharge volume
in energy-saving mode (refer to the dashed line in FIG.
9B) is therefore the same as the discharge volume during
normal mode (refer to the solid line in FIG. 9B) when the
discharge pressure is 0, but the discharge volume de-
creases progressively as the pressure increases from 0,
and after decreasing to a certain extent, the discharge
volume remains constant even if the pressure is then
increased. In the case of an elastic member, on the other
hand, the discharge volume in energy-saving mode (refer
to the dashed line in FIG. 9C) is the same as the discharge
volume during normal mode (refer to the solid line in FIG.
9C) even if the discharge pressure is increased to a cer-
tain extent from 0, but the pressure gradually decreases
upon reaching a predetermined value or greater. This
predetermined value can be varied by using an elastic
member of a different elastic force as the elastic member
of the volumetric cylinder 137.
[0061] Thus, with a configuration such as the one
shown in FIG. 9A, cost can be lowered, and the relation-
ship between the discharge volume and discharge pres-
sure of the pumps can be varied as shown in FIGS. 9B
and C, for example, by attaching and detaching the elas-
tic member to and from the volumetric cylinder 137 and
by varying the elastic force of the elastic member. Fur-
thermore, the discharge volume can be reduced incre-
mentally according to the increase in discharge pressure,
and so-called two-stage control can be performed in
which the discharge pressure is varied in two stages.
[0062] The present invention should not be interpreted
to be limited to the above embodiments, and suitable
improvements can be made within a range that does not
deviate from the scope of the present invention. For ex-
ample, in the present embodiment, an example was de-
scribed in which two hydraulic pumps were provided, but
the number of hydraulic pumps is not limited to two, and
the present invention can still be applied even if one,
three, or more pumps are provided. The output of the
electric motor M (7.0 kW), the maximum volumes of the
first and second hydraulic pumps P1, P2 (4.5 cc/rev and
3.0 cc/rev), and the maximum output electric current of
the battery 160 (30 A) are not limited to these values and
can be varied as desired.
[0063] Furthermore, in the embodiments described
above, an example was described in which a crawler-
type power shovel 1 was used as an example of the con-
struction machine, but the present invention is not limited
to a power shovel and can also be applied to a shovel
loader, a hydraulic crane, and other construction ma-
chines, for example.

EXPLANATION OF NUMERALS AND CHARACTERS

[0064]
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P1, P2: first and second hydraulic pumps (primary
pumps)

P3, P4: third and fourth hydraulic pumps (secondary
pumps)

M1: first electric motor
M2: second electric motor
1: power shovel (construction machine)
8: revolving motor (secondary actuator group)
15a: boom cylinder (primary actuator group)
16a: arm cylinder (primary actuator group)
17a: bucket cylinder (primary actuator group)
20: operating device (actuator operating means)
30: hydraulic control device
50: primary control valve group (operating oil con-

trol valves)
60: secondary control valve group (operating oil

control valves)
72: pilot valve (pilot pressure output means)
73: accumulator
74: pressure sensor
75: remote control valve group (pilot pressure

output means)
90: control device (motor control means)

Claims

1. A hydraulic control device for a construction machine
comprising a hydraulically actuated first hydraulic
actuator group and a hydraulically actuated second
hydraulic actuator group used less frequently than
the first hydraulic actuator group, and also having a
mechanism driven by the first hydraulic actuator
group and the second hydraulic actuator group, the
hydraulic control device comprising:

a first hydraulic pump for supplying the first hy-
draulic actuator group with operating oil for ac-
tuating the first hydraulic actuator group;
a first electric motor for driving the first hydraulic
pump;
a second hydraulic pump for supplying the sec-
ond hydraulic actuator group with operating oil
for actuating the second hydraulic actuator
group, the second hydraulic pump having a low-
er volume than the first hydraulic pump;
a second electric motor for driving the second
hydraulic pump;
first hydraulic actuator operating means operat-
ed in order to perform actuation control on the
first hydraulic actuator group;
second hydraulic actuator operating means op-
erated in order to perform actuation control on
the second hydraulic actuator group;
pilot pressure output means which uses operat-
ing oil supplied by the second hydraulic pump
to output a pilot pressure according to the oper-
ation of the first hydraulic actuator operating

means and the second hydraulic actuator oper-
ating means;
a first operating oil control valve which is driven
by a first pilot pressure outputted by the pilot
pressure output means in accordance with the
operation of the first hydraulic actuator operating
means, and which performs flow rate control on
the operating oil supplied from the first hydraulic
pump to the first hydraulic actuator group so that
the flow rate of the operating oil reaches a rate
corresponding to the first pilot pressure; and
a second operating oil control valve which is driv-
en by a second pilot pressure outputted by the
pilot pressure output means in accordance with
the operation of the second hydraulic actuator
operating means, and which performs flow rate
control on the operating oil supplied from the
second hydraulic pump to the second hydraulic
actuator group so that the flow rate of the oper-
ating oil reaches a rate corresponding to the sec-
ond pilot pressure.

2. The hydraulic control device for a construction ma-
chine according to claim 1, characterized in that
the pilot pressure output means has an accumulator
which stores operating oil supplied by the second
hydraulic pump and which can output this stored op-
erating oil with a steady oil pressure.

3. The hydraulic control device for a construction ma-
chine according to claim 1 or 2, further comprising:

pilot pressure detection means for detecting a
value of the pilot pressure outputted by the pilot
pressure output means; and
motor control means for detecting the pilot pres-
sure value detected by the pilot pressure detec-
tion means and causing the second electric mo-
tor to be driven when the pilot pressure value is
equal to or less than a predetermined value.

4. The hydraulic control device for a construction ma-
chine according to any of claims 1 through 3, char-
acterized in that the first electric motor is selected
based on a frequency distribution of actuating torque
for the first hydraulic actuator group, and the second
electric motor is selected based on a frequency dis-
tribution of actuating torque for the secondary actu-
ator group.

5. The hydraulic control device for a construction ma-
chine according to any of claims 1 through 4, char-
acterized in that:

the first hydraulic pump is configured from a var-
iable-volume hydraulic pump;
the hydraulic control device further comprising:
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volume-varying means for varying a maxi-
mum permissible volume of the first hydrau-
lic pump;
a battery for supplying the first electric motor
with electricity for driving the first electric
motor; and
a controller which detects remaining battery
power of the battery and performs a control
for actuating the volume-varying means and
reducing the maximum permissible volume
of the first hydraulic pump in accordance
with a decrease in the remaining battery
power.

6. The hydraulic control device for a construction ma-
chine according to claim 5, characterized in being
provided with a switch capable of switching the con-
troller between performing and not performing the
control for reducing the maximum permissible vol-
ume of the first hydraulic pump.

7. The hydraulic control device for a construction ma-
chine according to claim 5 or 6, characterized in
that:

the second hydraulic pump is configured from a
variable-volume hydraulic pump;
the hydraulic control device comprises second
volume-varying means for varying the maximum
permissible volume of the second hydraulic
pump;
electricity for driving the second electric motor
is supplied to the second electric motor from the
battery; and
the hydraulic control device is configured so that
the controller detects the remaining battery pow-
er of the battery and performs a control for ac-
tuating the second volume-varying means and
reducing the maximum permissible volume of
the second hydraulic pump in accordance with
the decrease in the remaining battery power.

8. The hydraulic control device for a construction ma-
chine according to claim 7, characterized in being
provided with a second switch capable of switching
the controller between performing and not perform-
ing the control for reducing the maximum permissible
volume of the second hydraulic pump.
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