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(54) HYDRAULIC DRIVE DEVICE

(57) �[Object] To permit driving a tilt cylinder and an
angle cylinder at relatively low speed and also to permit
driving an additional actuator at high speed.
�[Means for Achieving the Object] Provided are a tilt

cylinder 9 and angle cylinder 10 for pivotally tilting a blade
7 selectively leftward and rightward and for pivotally an-
gling the blade 7 selectively forward and rearward, re-
spectively, and an additional actuator for actuating an
additional attachment. Also provided are a tilting/�angling
pressure oil feed means comprising a tilting/ �angling di-
rectional control valve 19 for controlling a flow of pressure
oil to be fed to one of the cylinders 9,10 and a selector
valve 20 for selectively feeding pressure oil, which flows
out of the directional control valve 19 , to one of the cyl-
inders 9,10. An additional pressure oil feed means for
feeding pressure oil to the additional actuator 27 is pro-
vided independently of the tilting/ �angling directional con-
trol valve, and the additional pressure oil feedmeans has
an additional directional control valve 29.
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Description

Technical Field

�[0001] This invention relates to a hydraulic drive sys-
tem, which is to be arranged on a hydraulic excavator,
has a blade cylinder, tilt cylinder and angle cylinder for
positioning a blade, and also has an additional actuator
for driving an additional attachment such as a hydraulic
crusher.

Background Art

�[0002] As a conventional technology of this kind, there
is one disclosed in Patent Document 1. FIG. 7 is a hy-
draulic circuit diagram illustrating the conventional hy-
draulic drive system disclosed in Patent Document 1.
�[0003] This conventional technology is provided with
a blade cylinder 8 for selectively pivotally raising and low-
ering a blade, a tilt cylinder 9 for pivotally tilting the blade
selectively leftward and rightward, an angle cylinder 10
for pivotally angling the blade selectively forward and
rearward, and an additional actuator for driving an addi-
tional actuator such as a hydraulic crusher.
�[0004] Also provided are a first hydraulic pump 12, a
second hydraulic pump 13, and an auxiliary hydraulic
pump 14. Also provided are a directional control valve
18 for the blade,� which is connected to the second hy-
draulic pump 13 and controls a flow of pressure oil to be
fed to the blade cylinder 8, a tilting/�angling directional
control valve 19 connected to the first hydraulic pump
12, and a selector valve 20 arranged in lines 28a,�28b,
which communicate the tilting/ �angling directional control
valve 19 and the tilt cylinder 9 and angle cylinder 10,
respectively, to selectively feed pressure oil, which flows
out of the tilting/�angling directional control valve 19, to
one of the tilt cylinder 9 and angle cylinder 10. Further
provided is another selector valve 20a arranged in the
lines 28a, 28b, which communicate the selector valve 20
and the tilting/�angling directional control valve 19 with
each other, to selectively feed pressure oil, which flows
out of the tilting/�angling directional control valve 19, to
one of the selector valve 20 and the additional actuator
27. Between the selector valve 20a and the additional
actuator 27, a selector valve 31 is arranged. This selector
valve 31 can selectively cut off and communicate the line
that connects the selector valve 20a and the additional
actuator 27 with each other, and during a cut-�off, con-
nects the additional actuator 27 to a reservoir 32. It is to
be noted that the selector valve 20a and the directional
control valve 18 for the blade and the corresponding ones
of the blade cylinder 8 and selector valve 20 are connect-
ed together via a swivel joint 24.
�[0005] The above-�mentioned first hydraulic pump 12,
tilting/ �angling directional control valve 19, selector valve
20 , selector valve 20a and selector valve 31 constitute
a tilting/ �angling pressure oil feedmeans, which selective-
ly feeds pressure oil to one of the tilt cylinder 9 and angle

cylinder 10, and also, another pressure oil feed means
for the additional actuator (hereinafter simply called "the
additional pressure oil feedmeans") for selectively feed-
ing pressure oil to the additional actuator 27.
�[0006] Still further provided are a pilot valve 25 for
switching the directional control valve 18 for the blade, a
pilot valve 26 for switching the tilting/�angling directional
control valve 19 upon driving the tilt cylinder 9 or angle
cylinder 10, and a pilot valve 30 for switching the tilting/
angling directional control valve 19 upon driving the ad-
ditional actuator 27. One of a secondary pressure out-
putted from the pilot valve 26 and a secondary pressure
outputted from the pilot valve 30 is, therefore, applied via
a shuttle valve 33a or 33b to a corresponding control
chamber of the tilting/�angling directional control valve 19.
�[0007] Still further provided are an electrical system,
which is connected to a power supply 23, includes a
switch 23a, relay 22 and solenoid valve 21 and serves
to switch the selector valve 20, and another electrical
system, which is connected to the power supply 23, in-
cludes a switch 23b,� relay 22a and solenoid valves 21a,
21b and serves to switch the selector valve 20a. �
Patent Document 1: JP-�A-�2002-38534

Disclosure of the Invention

Problems to be Solved by the Invention

�[0008] The above-�mentioned conventional technology
is accompanied by a problem in that the flow rate of pres-
sure oil to be fed to the additional actuator 27 is limited
by the tilting/�angling directional control valve 19, because
the another selector 20a for selectively feeding pressure
oil to the additional actuator 27 is arranged between the
tilting/ �angling directional control valve 19 and the selector
valve 20. It is generally desired to perform, at relatively
low speed, a tilting operation of the blade by an actuation
of the tilt cylinder 9, that is , pivotal leftward or rightward
tilting of the blade and an angling operation of the blade
by an actuation of the angle cylinder 10, that is, pivotal
forward or rearward angling of the blade. In contrast, the
additional actuator 27 which actuates an additional at-
tachment such as a hydraulic crusher is driven at rela-
tively high speed in many instances.
�[0009] When the ratio of valve opening area to spool
stroke in the tilting/�angling directional control valve 19 is
set relatively small, the output flow rate of the tilting/�an-
gling directional control valve 19, therefore, becomes a
low flow rate corresponding to an operation of the pilot
valve 26. A tilting/�angling operation can hence be per-
formed well, but the operation speed of the additional
actuator 27 is lowered, leading to a reduction in the effi-
ciency of work by the additional attachment as performed
by the operation of the additional actuator 27.
�[0010] When the ratio of valve opening area to spool
stroke in the tilting/�angling directional control valve 19 is
set relatively large, on the other hand, the output flow
rate of the tilting/ �angling directional control valve 19,
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therefore, becomes a high flow rate corresponding to an
operation of the pilot valve 30. Accordingly, the operation
speed of the additional actuator 27 can be accelerated,
and the efficiency of work by the additional attachment
as driven by the additional actuator 27 can be improved.
However, a tilting/ �angling operation is performed at very
high speed, leading to a reduction in the controllability of
the tilting/�angling operation.
�[0011] With the above-�mentioned circumstances of
the conventional technology in view, the present inven-
tion has as an obj ect thereof the provision of a hydraulic
drive system capable of driving a tilt cylinder and angle
cylinder at relatively low speed and an additional actuator
at high speed.

Means for Solving the Problems

�[0012] To achieve the above- �described object, the
present invention is characterized in that, in a hydraulic
drive system provided with a blade cylinder for selectively
pivotally raising and lowering a blade, a tilt cylinder for
pivotally tilting the blade selectively leftward and right-
ward, an angle cylinder for pivotally angling the blade
selectively forward and rearward and an additional actu-
ator for actuating an additional attachment and also pro-
vided with a tilting/ �angling pressure oil feed means com-
prising a tilting/�angling directional control valve for con-
trolling a flow of pressure oil to be fed to one of the tilt
cylinder and angle cylinder and a selector valve arranged
between the tilting/�angling directional control valve and
the tilt cylinder and angle cylinder to selectively feed pres-
sure oil, which flows out of the tilting/�angling directional
control valve, to one of the tilt cylinder and the angle
cylinder, an additional pressure oil feed means for feed-
ing pressure oil to the additional actuator is arranged in-
dependently of the tilting/�angling directional control
valve, and the additional pressure oil feed means has an
a directional control valve for the additional actuator
(hereinafter simply called "the additional directional con-
trol valve") for controlling a flow of pressure oil to be fed
to the additional actuator.
�[0013] When driving the tilt cylinder or angle cylinder,
the present invention constructed as described above
makes it possible to feed pressure oil at relatively low
flow rate to the tilt cylinder or angle cylinder via the tilting/
angling directional control valve and selector valve in-
cluded in the tilting/ �anglingpressure oil feedmeans ar-
ranged independently of the additional pressure oil feed
means. The tilt cylinder or angle cylinder can hence be
driven at relatively low speed. When driving the additional
actuator, on the other hand, it is possible to feed pressure
oil at relatively high flow rate to the additional actuator
via the additional directional control valve, which is in-
cluded in the additional pressure oil feed means arranged
independently of the tilting/�angling pressure oil feed
means , by switching the additional directional control
valve. The additional actuator can, therefore, be driven
at high speed.

�[0014] The present invention is also characterized in
that in the invention described above, the additional pres-
sure oil feedmeans has a first hydraulic pump for feeding
pressure oil to the additional directional control valve, the
tilting/ �angling pressure oil feed means has a second hy-
draulic pump for feeding pressure oil to the tilting/�angling
directional control valve, and the first hydraulic pump is
a hydraulic pump greater in delivery rate than the second
hydraulic pump.
�[0015] When driving the additional actuator, the
present invention constructed as described above makes
it possible to feedpressure oil at high flow rate from the
first hydraulic pump, which is high in delivery rate, to the
additional actuator by switching the additional directional
control valve. The additional actuator can, therefore, be
driven at high speed. When driving the tilt cylinder or
angle cylinder, it is possible to feed pressure oil at low
flow rate from the second hydraulic pump, which is lower
in delivery rate than the first hydraulic pump, to the tilt
cylinder or angle cylinder by switching the tilting/�angling
directional control valve. The tilt cylinder or angle cylinder
can, therefore, be driven at relatively low speed.
�[0016] The present invention is also characterized in
that in the invention described above, the additional pres-
sure oil feed means has a hydraulic pump for feeding
pressure oil to the additional directional control valve,
and the tilting/�angling pressure oil feed means has a hy-
draulic pump for feeding pressure oil to the tilting/�angling
directional control valve, the hydraulic pump in the addi-
tional pressure oil feed means and the hydraulic pump
in the tilting/�angling pressure oil feed means are the same
with each other, and a ratio of valve opening area to spool
stroke in the additional directional control valve is set
greater than a ratio of valve opening area to spool stroke
in the tilting/�angling directional control valve.
�[0017] As a result of switching of the additional direc-
tional control valve, the present invention constructed as
described above makes it possible to feed pressure oil
from the additional directional control valve to the addi-
tional actuator at high flow rate corresponding to the rel-
atively large ratio of valve opening area to spool stroke.
As a result of switching of the tilting/�angling directional
control valve, on the other hand, it is possible to feed
pressure oil from the tilting/ �angling directional control
valve to the tilt cylinder or angle cylinder at low flow rate
corresponding to the relatively small ratio of valve open-
ing area to spool stroke.
�[0018] The present invention is also characterized in
that in the invention described above, the additional pres-
sure oil feed means comprises a selector valve, which is
arranged between the additional actuator and the addi-
tional directional control valve, can selectively cut off and
communicate a line that connects the additional actuator
and the additional directional control valve with each oth-
er, and during a cut-�off, connects the additional actuator
to a reservoir.
�[0019] When the selector valve is switched to bring the
additional actuator and the additional directional control
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valve into communication with each other, the present
invention constructed as described above makes it pos-
sible to feed pressure oil to the additional actuator via
the additional directional control valve. When the selector
valve is switched to cut off the additional actuator and
the additional directional control valve from each other,
the additional actuator is brought into communication
with the reservoir, thereby making it possible to perform,
for example, the lowering or the like of the additional at-
tachment, which is driven by the additional actuator, by
its own weight.

Advantageous Effects of the Invention

�[0020] According to the present invention, the addition-
al pressure oil feed means for feeding pressure oil to the
additional actuator is provided independently of the tilt-
ing/ �angling pressure oil feed means that selectively feed
pressure oil to one of the tilt cylinder and angle cylinder.
It is, therefore, possible to feed pressure oil at low flow
rate to the tilt cylinder or angle cylinder by the tilting/�an-
gling pressure oil feed means and to drive the tilt cylinder
or angle cylinder at relatively low speed. It is also possible
to feed pressure oil at very high flow rate to the additional
actuator by the additional pressure oil feed means and
to drive the additional actuator at high speed. Owing to
these features, it is possible to realize both of improve-
ments in the controllability of a tilting/�angling operation
and improvements in the efficiency of work by the addi-
tional attachment driven by the additional actuator, al-
though these improvements have heretofore been hardly
realized together.

Best Modes for Carrying out the Invention

�[0021] Based on drawings, a description will hereinaf-
ter be made of best modes for carrying out the hydraulic
drive system according to the present invention.
�[0022] FIG. 1 is a side view showing one example of
a hydraulic excavator on which a first embodiment of the
hydraulic drive system according to the present invention
is to be arranged, and FIG. 2 is a plan view depicting a
lower part of the hydraulic excavator shown in FIG. 1.
�[0023] As shown in these FIGS. 1 and 2 , the hydraulic
excavator on which the first embodiment of the present
invention is to be arranged is provided with a travel base
1 and a swing upperstructure 2 mounted on the travel
base 1, and a seat 3 is mounted on the swing upperstruc-
ture 2. A vertically-�pivotable boom 4 is connected to the
swing upperstructure 2, a vertically-�pivotable arm 5 is
connected to the boom 4, and a vertically-�pivotable buck-
et 6 is connected to the arm 5. By these boom 4, arm 5
and bucket 6, a front attachment which can perform dig-
ging work or the like is constructed. Further, the detach-
ment of the bucket 6 makes it possible to mount an ad-
ditional attachment such as a hydraulic crusher. It is to
be noted that in the following description, an additional
attachment such as a hydraulic crusher can be mounted

in place of the bucket 6.
�[0024] In front of the travel base 1, there are also ar-
ranged, in addition to a blade 7, a blade cylinder 8 for
selectively pivotally raising and lowering the blade 7, a
tilt cylinder for pivotally tilting the blade selectively left-
ward and rightward, and an angle cylinder 10 for pivotally
angling the blade selectively forward and rearward.
�[0025] FIG. 3 is a hydraulic circuit diagram showing
the first embodiment of the hydraulic drive system ac-
cording to the present invention, FIG. 4 is a diagram il-
lustrating output characteristics of a pilot valve for oper-
ating a directional control valve for the blade, said direc-
tional control valve being arranged in the first embodi-
ment according to the present invention, and output char-
acteristics of a pilot valve for operating a tilting/�angling
directional control valve, and FIG. 5 is a diagram illus-
trating output characteristics of a pilot valve for operating
a directional control valve for an additional actuator, said
directional control valve being arranged in the first em-
bodiment of the present invention.
�[0026] Described specifically, the first embodiment is
also provided with a first hydraulic pump, a second hy-
draulic pump 13 and an auxiliary pump 14, all of which
are driven by an engine 11. It is to be noted that in the
first embodiment, the first hydraulic pump 12 consists of
a hydraulic pump greater in delivery rate than the second
hydraulic pump 13. The delivery pressures of these
pumps 12,13,14 are controlled by their corresponding
relief valves 15,16,17, respectively.
�[0027] This first embodiment is also provided with a
directional control valve 18 for the blade, which controls
a flow of pressure oil to be fed to the blade cylinder 8, a
tilting/ �angling directional control valve 19 for controlling
a flow of pressure oil to be fed to the tilt cylinder 9 or
angle cylinder 10, and an additional actuator 27 for driving
the above-�mentioned additional attachment. Specifical-
ly, this first embodiment is provided with a directional
control valve 29 for the additional actuator (hereinafter
simply called "the additional directional control valve 29),
which controls a flow of pressure oil to be fed to the ad-
ditional actuator 27. Further, the first hydraulic pump 12
and the additional directional control valve 29 are con-
nected with each other, and the directional control valve
28 for the blade and tilting/�angling directional control
valve 19 and the second hydraulic pump 13 are connect-
ed with each other.
�[0028] Lines 28a, �28b, which connect the tilting/�angling
directional control valve 19 and the tilt cylinder 9 and
angle cylinder 10, respectively, areprovidedwitha selec-
tor valve 20 for selectively feeding pressure oil, which
flows out of the tilting/�angling directional control valve 19,
to one of the tilt cylinder 9 and angle cylinder 10. Between
the above-�mentioned additional directional control valve
29 and the above- �mentioned additional actuator 27, there
is arranged a selector valve 31 which can cut off or com-
municate a line connecting the additional directional con-
trol valve 29 and the additional actuator 27 with each
other and during a cut-�off, connects the additional actu-
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ator to a reservoir 32.
�[0029] Also provided are a pilot valve 25 for switching
the directional control valve 18 for the blade, a pilot valve
26 for switching the tilting/�angling directional control
valve 19, and a pilot valve 30a for switching the additional
directional control valve 29.
�[0030] The output characteristics of the pilot valve 25
are set as indicated by sign A in FIG. 4, while the output
characteristics of the pilot valve 26 are set as indicated
by sign B in FIG. 4. In these characteristics A,�B, the gra-
dients are relatively gentle. The output characteristics of
the pilot valve 30a, on the other hand, are set such that
as indicated by sign C in FIG. 5, they have a greater
gradient compared with the output characteristics B in
FIG. 4.
�[0031] The tilting/ �angling directional control valve 19
and the directional control valve 18 for the blade are con-
nected with the corresponding ones of the blade cylinder
8 and selector valve 20 via a swivel joint 24, respectively.
�[0032] Further provided are an electrical system,
which is connected to a power supply 23, includes a
switch 23a, relay 22 and solenoid valve 22, and switches
the selector valve 20.
�[0033] By the above- �mentioned second hydraulic
pump 13, tilting/�angling directional control valve 19 and
selector valve 20, a tilting/�angling pressure oil feed
means is constructed to selectively feed pressure oil to
one of the tilt cylinder 9 and angle cylinder 10 . By the
first hydraulic pump 12, the additional directional control
valve 29 and a selector valve 31, on the other hand, an
additional pressure oil feed means is constructed to feed
pressure oil to the additional actuator 27. Namely, this
first embodiment is constructed with the tilting/�angling
pressure feed means and the additional pressure oil feed
means being arranged independently of each other.
�[0034] In the first embodiment constructed as de-
scribed above, an operation of the pilot valve 25 causes
pressure oil, which has been delivered from the auxiliary
hydraulic pump 14, to be applied as a secondary pres-
sure, in other words, a pilot pressure to the control cham-
ber of the directional control valve 18 for the blade so
that the directional control valve 18 for the blade is
switched. As a result, pressure oil delivered from the sec-
ond hydraulic pump 13 is fed to the blade cylinder 8 via
the directional control valve 18 for the blade to actuate
the blade cylinder 8. As a consequence, the blade 7
shown in FIGS . 1 and 2 can be pivotally moved in the
vertical direction.
�[0035] In a state that the switch 23a is maintained open
as shown in FIG. 3, the solenoid valve 31a assumes the
right position illustrated in FIG. 3, so that the pressure oil
from the auxiliary hydraulic pump 14 is not fed to the
control chamber of the selector valve 20 and the selector
valve 20 is maintained in the right position shown in FIG.
3. When the pilot valve 26 is operated in this state, a
secondary pressure is applied to the control chamber of
the tilting/�angling directional control valve 19, and the
tilting/ �angling directional control valve 19 is switched. As

a result, the pressure oil delivered from the second hy-
draulic pump 13 is fed to the tilt cylinder 9 via the tilting/
angling directional control valve 19 and selector valve 20
to actuate the tilt cylinder 9. As a consequence, the blade
7 shown in FIGS. 1 and 2 is pivotally tilted leftward or
rightward to perform a tilting operation.
�[0036] When the switch 23a is closed, on the other
hand, the solenoid valve 21 is switched to the left position
shown in FIG. 3 by a signal fed via the relay 22. As a
result, the pressure oil delivered from the auxiliary hy-
draulic pump 14 is fed to the control chamber of the se-
lector valve 20 via the solenoid valve 21 to switch the
selector valve 20 to the left position in FIG. 3. When the
pilot valve 26 is operated in this state, a secondary pres-
sure is applied to the tilting/�angling directional control
valve 19 to switch the tilting/�angling directional control
valve 19. As a result, the pressure oil delivered from the
second hydraulic pump 13 is fed to the angle cylinder 10
via the tilting/ �angling directional control valve 19 and se-
lector valve 20 to actuate the angle cylinder 10. As a
consequence, the blade 7 shown in FIGS. 1 and 2 is
pivotally angled forward or rearward.
�[0037] Upon performing the above- �mentioned tilting
operation or angling operation, a secondary pressure of
the gentle- �gradient characteristics B is fed to the control
chamber of the tilting/�angling directional control valve 19
and the pressure oil from the second hydraulic pump 13
of low delivery rate is also fed to the tilting/ �angling direc-
tional control valve 19. The pressure oil is, therefore, fed
at a relatively low flow rate to the tilt cylinder 9 or angle
cylinder 10.
�[0038] When the pilot valve 30a is operated, a second-
ary pressure is applied to the control chamber of the ad-
ditional directional control valve 29 so that the additional
directional control valve 29 is switched. As a result, the
pressure oil delivered from the first hydraulic pump 12 is
fed to the additional actuator 27 to operate the additional
actuator 27. As a consequence, the unillustrated addi-
tional attachment can be driven.
�[0039] Upon performing the above-�mentioned opera-
tion, a secondary pressure of the large-�gradient charac-
teristics C is fed to the control chamber of the additional
directional control valve 29 and the pressure oil from the
first hydraulic pump 12 of high delivery rate is also fed to
the additional directional control valve 29. The pressure
oil is, therefore, fed at a relatively high flow rate to the
additional actuator 24.
�[0040] According to the first embodiment constructed
as described above, when driving the tilt cylinder 9 or
angle cylinder 10, the pressure oil from the secondary
hydraulic pump 13 of low delivery rate is fed via the tilting/
angling directional control valve 19 and selector valve
20, both of which are included in the tilting/�angling pres-
sure oil feedmeans arranged independently of the addi-
tional pressure oil feed means. As a result, the pressure
oil can be fed at a relatively low flow rate to the tilt cylinder
9 or angle cylinder 10. Therefore, the tilt cylinder 9 or
angle cylinder 10 can be driven at a relatively low speed.
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When driving the additional actuator 27, on the other
hand, switching of the additional directional control valve
29, which is included in the additional pressure oil feed
means arranged independently of the tilting/�angling pres-
sure oil feed means, makes it possible to feed the pres-
sure oil from the first hydraulic pump of high delivery rate
via the additional directional control valve 29 and hence,
to feed the pressure oil at a high flow rate to the additional
actuator 27. Therefore, the additional actuator 27 can be
driven at a high speed. Owing to these features, it is pos-
sible to realize both of improvements in the controllability
of a tilting/�angling operation and improvements in the ef-
ficiency of work by the unillustrated additional attachment
driven by the additional actuator 27.
�[0041] It is to be noted that, because no electrical sys-
tem is included in the additional pressure oil feed means,
it is possible to obviate any electrical parts and complex
wiring structure which would otherwise be required.
�[0042] FIG. 6 is a hydraulic circuit diagram illustrating
a second embodiment of the present invention. Load
sensing control which is control performed in accordance
with a differential pressure between a pump delivery
pressure and a maximum load pressure on a circuit is
performed in this second embodiment.
�[0043] Described specifically, in this second embodi-
ment, the directional control valve 18 for the blade, the
tilting/ �angling directional control valve 19 and the addi-
tional directional control valve 29 are connected to a var-
iable displacement hydraulic pump 35. The hydraulic
pump 35, therefore, serves not only an element of the
tilting/ �angling pressure oil feed means but also an ele-
ment of the additional pressure oil feed means. The de-
livery pressure of this hydraulic pump 35 is controlled by
a relief valve 36.
�[0044] For example, on upstream sides of the direc-
tional control valve 18 for the blade, the tilting/�angling
directional control valve 19 and the additional directional
control valve 29, pressure compensator valves 18a,�19a,
29a which operate in accordance with pressure differen-
tials between upstream-�side pressures and downstream-
side pressures of the respective directional control valves
18,19,29 are arranged. Also arranged are shuttle valves
38a, �38b for selecting maximum load pressures of their
corresponding circuits and an unloading valve 37 oper-
able responsible to a differential pressure between the
delivery pressure of the hydraulic pump 35 and the max-
imum load pressure on the circuit. Further arranged is a
regulator 35a, which regulates the delivery rate of the
hydraulic pump 35 in accordance with the differential
pressure between the delivery pressure of the hydraulic
pump and the maximum load pressure.
�[0045] Specifically, this second embodiment is de-
signed in such a construction that the ratio of valve open-
ing area to spool stroke in the additional directional con-
trol valve 29 is set greater than the ratio of valve opening
area to spool stroke in the tilting/�angling directional con-
trol valve 19. The remaining construction is similar to the
corresponding construction in the above-�mentioned first

embodiment.
�[0046] In the second embodiment constructed as de-
scribed above, when the pilot valve 30a is operated to
switch the additional directional control valve 29, the
pressure oil can be fed at a high flow rate to the additional
actuator 27 owing to the relatively large ratio of valve
opening area to spool stroke in the additional directional
control valve 29. As a consequence, the additional actu-
ator 27 can be driven at a high speed. When the pilot
valve 26 is operated to switch the tilting/ �angling direc-
tional control valve 19, the pressure oil can be fed at a
low flow rate to the tilt cylinder 9 or angle cylinder 10
owing to the relatively small ratio of valve opening area
to spool stroke in the tilting/�angling directional control
valve 19. As a consequence, the cylinder 9 or 10 canbe
driven at a relatively low speed. As in the above-�men-
tioned first embodiment, the second embodiment can al-
so realize both of improvements in the controllability of
a tilting/ �angling operation and improvements in the effi-
ciency of work by the unillustrated additional attachment
driven by the additional actuator 27.

Brief Description of the Drawings

�[0047]

[FIG. 1] A side view showing one example of a hy-
draulic excavator on which a first embodiment of the
hydraulic drive system according to the present in-
vention is to be arranged.
[FIG. 2] A plan view depicting a lower part of the
hydraulic excavator shown in FIG. 1.
[FIG. 3] A hydraulic circuit diagram showing the first
embodiment of the hydraulic drive system according
to the present invention.
[FIG. 4] A diagram illustrating output characteristics
of a pilot valve for operating a directional control
valve for the blade, said directional control valve be-
ing arranged in the first embodiment according to
the present invention, and output characteristics of
a pilot valve for operating a tilting/�angling directional
control valve.
[FIG. 5] A diagram illustrating output characteristics
of a pilot valve for operating a directional control
valve for an additional actuator, said directional con-
trol valve being arranged in the first embodiment of
the present invention. [FIG. 6] A hydraulic circuit di-
agram illustrating a second embodiment of the
present invention.
[FIG. 7] A hydraulic circuit diagram illustrating a con-
ventional hydraulic drive system.
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9 Tilt cylinder
10 Angle cylinder
12 First hydraulic pump (pressure oil feed means for

an additional actuator)
13 Second hydraulic pump (tilting/�angling pressure

oil feed means)
14 Auxiliary hydraulic pump
18 Directional control valve for the blade
19 Tilting/ �angling directional control valve (tilting/ �an-

gling pressure oil feed means)
20 Selector valve (tilting/�angling pressure oil feed

means)
21 Solenoid valve
22 Relay
23 Power supply
23a Switch
25 Pilot valve
26 Pilot valve
27 Additional actuator
28a Line
28b Line
29 Directional control valve for the additional actua-

tor (pressure oil feed means for the additional ac-
tuator)

30a Pilot valve
31 Selector valve (pressure oil feed means for the

additional actuator)
32 Reservoir
35 Hydraulic pump (tilting/�angling pressure oil feed

means, pressure oil feed means for the additional
actuator)

35a Regulator

Claims

1. A hydraulic drive system provided with a blade cyl-
inder for selectively pivotally raising and lowering a
blade, a tilt cylinder for pivotally tilting said blade se-
lectively leftward and rightward, an angle cylinder for
pivotally angling said blade selectively forward and
rearward and an additional actuator for actuating an
additional attachment and also provided with a tilting/
angling pressure oil feed means comprising a tilting/
angling directional control valve for controlling a flow
of pressure oil to be fed to one of said tilt cylinder
and angle cylinder and a selector valve arranged be-
tween said tilting/ �angling directional control valve
and said tilt cylinder and angle cylinder to selectively
feed pressure oil, which flows out of said tilting/�an-
gling directional control valve, to one of said tilt cyl-
inder and said angle cylinder, wherein:�

an additional pressure oil feed means for feeding
pressure oil to said additional actuator is ar-
ranged independently of said tilting/�angling di-
rectional control valve, and said additional pres-
sure oil feed means has an additional directional

control valve for controlling a flow of pressure
oil to be fed to said additional actuator.

2. The invention as described above in claim 1, where-
in: �

said additional pressure oil feed means has a
first hydraulic pump for feeding pressure oil to
said additional directional control valve, said tilt-
ing/�angling pressure oil feed means has a sec-
ond hydraulic pump for feeding pressure oil to
said tilting/ �angling directional control valve, and
said first hydraulic pump is a hydraulic pump
greater in delivery rate than said second hydrau-
lic pump.

3. The invention as described above in claim 1, where-
in: �

said additional pressure oil feedmeans has a hy-
draulic pump for feeding pressure oil to said ad-
ditional directional control valve, and said tilting/
angling pressure oil feed means has a hydraulic
pump for feeding pressure oil to said tilting/�an-
gling directional control valve,
said hydraulic pump in said additional pressure
oil feed means and said hydraulic pump in said
tilting/�angling pressure oil feed means are the
same with each other, and
a ratio of valve opening area to spool stroke in
said additional directional control valve is set
greater than a ratio of valve opening area to
spool stroke in said tilting/ �angling directional
control valve.

4. The invention as described above in any one of
claims 1-3, wherein: �

said additional pressure oil feed means compris-
es a selector valve, which is arranged between
said additional actuator and said additional di-
rectional control valve, can selectively cut off
and communicate a line that connects said ad-
ditional actuator and said additional directional
control valve with each other, and during a cut-
off, connects said additional actuator to a reser-
voir.

11 12 



EP 1 845 206 A1

8



EP 1 845 206 A1

9



EP 1 845 206 A1

10



EP 1 845 206 A1

11



EP 1 845 206 A1

12



EP 1 845 206 A1

13



EP 1 845 206 A1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2002038534 A [0007]


	bibliography
	description
	claims
	drawings
	search report

